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PREFACE 

TO FIRST EDITION, 1872. 


HHOULD experts in engineering complain that they do not find 
R' anything of interest in this volume, the writer would merely 
remind them that it was not his intention that they should. The 
book has been prepared for young members of the profession ; and 
one of the leading objects has been to elucidate, in plain English, a 
few important elemeutary principles which the savants have envel¬ 
oped in such a haze of mystery as to render pursuit hopeless to any 
but a confirmed mathematician. 

Comparatively few engineers are good mathematicians; and in 
the writer’s opinion, it is fortunate that such is the case; lor nature 
rarely combines high mathematical talent, with that practical tact, 
and observation of outward things, so essential to a successful 
engineer. 

There have been, it is true, brilliant exceptions; but they are 
very rare. But few even of those who have been tolerable mathe* 
maticians when young, can, as they advance in years, and become 
engaged in business, spare the time necessary for retaining such 
accomplishments. 

Nearly all the scientific principles which constitute the founda¬ 
tion of civil engineering are susceptible of complete and satis¬ 
factory explanation to any person who really assesses only so much 
elementary knowledge of arithmetic and natural philosophy as is 
tvpposed to be taught to boys of twelve pr fourteen in our public 
schools.* * 

*Let two little boys weigh each other on a platform scale. Then when they 
balance each other on their hoard see-saw, let them sec (and measure for them¬ 
selves) that the lighter one is farther from the fence-rail on which their board is 
placed, in the same proportion as the heavier boy outweighs the lighter otae. 
They will then have learned the grand principle of the lever. Then let them 
measure and see that the light one see-saws farther than the heavy one, in the 
game proportion; and they will have acquired the principle of virtual velocities. 
Explain to them that soualitu of moments means nothing more than that wbao 
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The little that is beyond this, might safely be intrusted to the 
savants. Let them work out the results, and give them to the engi¬ 
neer in intelligible language. We could afford to take their words 
for it, because such things are their specialty; and because we 
know that they are the best qualified to investigate them. On the 
same principle we intrust our lives to our physician, or to the 
captain of the vessel at sea. Medicine and seamanship are their 
respective specialties. 

If there is any point in which the writer may hope to meet 
the approbation of proficients, it is in the accuracy of the tables. 
The pains taken in this respect have been very great. Most of the 
tables have been entirely recalculated expressly for this book ; and 
one of the results has been the detection of a great many errors in 
those in common use. lie trusts that none will be found exceed¬ 
ing one, or sometimes two, in the last figure of any table in which 
great accuracy is required. There are many errors to that amount, 


they seat themselves at their measured distances on their ser-saw, they balance 
each other. Ltd them see that the weight of the heavy boy, when multiplied by 
his distance in feet from the fence-rail amounts to just as much as the weight of 
the light one when multiplied by his distance. Explain to them that each of 
the amounts is in foot-pounds. Tell them that the lightest one, because he see¬ 
saws so much faster than the other, will bump against the ground just as hard as 
the heavy one ; and that this means that their momentum* are equal. The boys 
may then go in to dinner, and probably puzzle their big lout of a brother who 
has just passed through college with high honors. They will not forget what 
they have learned, for they learned it as play, without any ear-pulling, spanking, 
or keeping in. Let their bats and balls, their marbles, their swings, Ac, once 
become their philosophical apparatus, and children may be taught ( really taught) 
many of the most important principles of engineering before they can read or 
write. It is the ignorance of these principles, so easily taught even to children, 
that constitutes what is popularly called “ The Practical Engineer ; ” which, 
iu the great majority of cases, means simply an ignoramus, who blunders along 
without knowing any other reason for what he does, than that he has seen It done 
ao before. And it is this samo ignorance that causes employers to prefer this 
practical man to one who is conversant with principles. They, themseives, were 
spanked, kept in, Ac, when boys, because they could not master leverage, equality 
of moments, and virtual velocities, enveloped in x’s, p’s, Greek letters, square- 
roots, cube-roots, Ac, aud they naturally set down any man as a fool who could. 
They turn up their noses at Bcience, not dreaming that the word means simply, 
knowing why. And it must be confessed (hat they are not altogether without 
reason ; for the savants appear to prepare their books with the express object oi 
preventing purchasers, (they have but few readers,) from learning why. 
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especially where the recalculation was very tedious, and where, 
consequently, interpolation was resorted to. They are too small to 
be of practical importance. He knows, however, the almost impos- 
sibility of avoiding larger errors entirely; and will be glad to be 
informed of any that maybe detected, except the final ones alluded 
to, that they may he corrected in case another edition should be 
called for. Tables which are absolutely reliable, possess an in¬ 
trinsic value that is not to be measured by money alone. With this 
consideration the volume has been made a trifle larger than would 
otherwise have been necessary, in order to admit the stereotyped 
sines and tangents from his book on railroad curves. These have 
been so thoroughly compared with standards prepared independ¬ 
ently of each other, that the writer believes them to be absolutely 
correct. 

In order to reduce the volume to pocket-size, smaller type hai 
been used than would otherwise have been desirable. 

Many abbreviations of common words in frequent use have been 
introduced, such as abut, cen, diag, hor, vert, pres, &e, instead ot 
abutment, center, diagonal, horizontal, vertical, pressure, &e. They 
can in no case lead to doubt; while they appreciably reduce the 
thickness of the volume. 

Where prices have l>een added, they are placed in footnotes. They 
are intended merely to give an approximate or comparative idea of 
value ; for constant fluctuations prevent anything farther. 

The addresses of a few manufacturing establishments have also 
been inserted in notes, in the belief that they might at times be 
found convenient They have been given without the knowledge 
of the proprietors. 

The writer is frequently asked to name good elementary books 
on civil engineering; but regrets to say that there are very few 
such in our language. “Civil Engineering,” by Prof. Mahan of 
West Point; “ Roads and Railroads,” by the late Prof. Gillespie; 
and the “ Handbook of Railroad Construction,” by Mr. George L, 
Vose, Civ. Eng. of Boston, are the best. The writer has reason tc 
know that a new edition of the last, now in press, will be fai 
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superior to all predecessors; and better adapted to the wants of 
the young engineer than any book that has appeared. 

Many of Weale’s series are excellent. Some few of them are 
behind the times ; but it is to be hoped that this may be rectified 
in future editions. Among pocket-books, Haswell, Hamilton’s 
Useful Information, Henck, Molesworth, Nystrom, Weale, &c, 
abound in valuable matter. 

The writer does not include Rankins, Moseley, and Weisbacli, 
because, alt hough their l>ooks are the productions of master-minds, 
and exhibit a profundity of knowledge beyond the reach of ordi¬ 
nary men, yet their language also is so profound that very few 
engineers can lead them. The writer himself, having long since 
forgotten the little higher mathematics he once knew, cannot. To 
him they are but little more than striking instances of how com¬ 
pletely the most simple facts may be buried out of sight uuder 
heaps of mathematical rubbish. 

There is no table o! errata, because no errors are known to exist 
except two or three of a single letter in spelling ; and which will* 
probably escape notice. 

John C. Trautwine. 


Philadelphia, November 13th, 1871. 



FROM PREFACE 

OF TWENTIETH EDITION, 1918. 


As in our preceding editions, all new work and all revisions have 
been the subject of our personal attention, and “scissors-and-paste” 
methods have been scrupulously avoided. 

As in all cases heretofore, every rule and every formula and every 
description of methods, etc., can be readily understood by anyone, 
engineer or layman, understanding the use of common and decimal 
fractions, of roots and powers, of logarithms, and of elementary plane 
trigonometry. On the other hand, one who is not possest of this 
very meagre stock of mathematical knowledge will hardly approach 
engineering problems, even as an amateur . . . 

. . . Extraordinary precautions have been taken for the protection 
of our readers against the occurrence of typographical and other 
errors. In this, as in previous editions, special attention has been 
given to the matter of typography, which, like other steps in manu¬ 
facture, has been under our own direct personal control. This 
includes the preparation of illustrations . . . 

The manuscript was thoroly checkl before it was sent to the 
printer. The first proof was minutely read by ourselves, as well as 
by the printer. In this work we used a new apparatus, of our own 
invention, to facilitate the verification of punctuation, of bold and 
italic characters, etc. Another device of our own was used in com¬ 
paring successive proofs, to detect any accidental shifting of type 
matter.*. . . 

John C. Tratjtwine Jr. 

John C. Trautwine 3d. 

Philadelphia, August, 1918. 
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MATHEMATICS. 


MATHEMATICAL KYMROIA. 


+ Pius, positive, add. 1.414 f ummum 1.414 + wilier decimals. 
Minus, negative, subtract. 

Plus or minus, jiositive or negative. Tims, j u- - ± a. 

Minus or plus. 

Multiplied by, tunes. Thus, x x y x.y x y; 3 X 4 12. 

Divided by. Tims, a — b a: b —• a/b - J* 

: Proporl ion Thus, a : b : : c i d, as a is to b, so is c U> d. 
Kqunls, is equal to 
Is greater than Thus, 6 > 5. 
is Jess than. Thus, 5 < 6. 

Is not equal lo 
Is gieatei or less thau. 

Is not greater thau. 

Is not less than. 

Is equal to or greater than. 

Is equal to or bus than. 

Is pro]K>rtioiial to, varies with. 

In tinny. 

Is peipcndicular to. 
j- Angle. 

Is similar to. 


I Is parallel to. 

V V Boot of. Thus, \/ aor |/o =* square root of a, -j/ a ■=* 3d or cube root of 

M J a -- «th root of a. 

Parenthesis. I 

Brackets. ! Quantities enclosed or covered by the symbol are to be 
| taken together. 

-Vinculum, j 
v Since, because. 

Hence, therefore. 

° Degrees. 

' Minutes of aic,* feet. 

H Seconds of are,* inches. 

’ " etc. Prune, second, third, etc. Distinguishing accents. Thus, d 
j prime; a", « secoud, etc. 

n tirettnil erenue 3.14159265 arc of semicircle, or 180 °. 

Diameter 

FI, Modulus of elasticity. 

e «, Base of Napierian, natural or hyperbolic logarithms = 2.718281828. 
g, Acceleration of gravity - approximately 32.2 feet per second per s 
approximately 9 81 meters per second }Ksr second. 


• Minutes and seconds of time, formerly also denoted by * and *, are now 0 
noted by m and s, or by min and sec, respectively. 

3 33 
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GREEK ALPHABET. 


THE GREEK ALPHABET. 

This alphabet is inserted for the benefit of those who have occasion to consult 
scientific works m which (neck letters are used, and who find it inconvenient 
to memorize the letters 


Greek letters. 




— 


Name. 

Approximate 

equivalent. 

Commonly used to designate 

Capita] 

Small 


t 

A 

a 

Alpha 

a 

j Angles, Coefficients. 

B 

0 

lteta 

b 


r 

y 

Gamma 

K 

“ “ Specific gravity. 

A 

& 

Delta 

d 

“ “ Density, Variatio 

i Base of hyperbolic logarithms 
, < 2.7182818. 

■ Eccentricity in conic sections. 

£ 

4 

I.psilou 

e (short) 

Z 

< 

Zeta 

z 

! Co-ord : nates, Coeliieieuts. 

H 

V 

Kta 

e (Ion*) 

“ “ 

• 

!» 

Theta 

t,h 

i Angles. 


t 

Iota 

i 


K 

K 

Kappa 

k 


A 

A 

Lambda 

1 

Angles, Coefficients, Latitude. 

M | 

M 

Mu 

m 

“ “ 

N 

V 

Nu 

n 

" 

S ! 

( 

XI 

X 

Co-ordinates. 

0 1 

0 

Omicron 

o (short) 


II ! 

n 

Pi 

P 

Circumference i diameter.* 

P 

P 

Rho 

r 

Radius, Ratio. 

2 

<r c 

Sigma 

s 

[ Distance (space).f 

T i 

T 

Tau 

t 

Temperature, Time. 

» 1 

V 

Upsilon 

u or y 


* | 

<f> 

Phi 

ph 

Angles, Coefficients. 

* 

X 

Chi 

ch 


| 

* 

Psi 

ps 

Angles 

n 1 

u 

Omega 

o (Ion*) 

Angular velocities. 


* The Rinall letter it (pi) is universally employed to designate the number oi 
times (- 3.14159265 ...) the diameter of a circle is contained in the circum¬ 
ference, or the radius in the semi circumference. In the circular measure of 
angles, an angle is designated by the n urn tier of times the radius of any circle is 
contained in an arc of the same circle subtending that angle, n then stands for 
an angle of 180 ° (= two right angles), because, in any circle, n X radius — the 
seiui-circumference 

The capital letter n (pf) is used by some mathematical writers to indicate the 
product obtained by multiplying together the numbers 1, 2, 8, 4,5 ... etc., ap to 
any given point. Thus, n 4 = 1 X 2 X » X 4 = 24. 

f The capital letter 2 (sigma) is used to designate a sum. Thus, in a Bystem 
of parallel forces, if we call each of the forces (irrespective of their amounts) F, 
then their resultant, which is equal to the (algebraic) sum of the forces, may be 
written R = 2 F. 
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ABITHMETIO. 


FACTORS AND MULTIPLES. 

(1) Factors of any number, w, are numbers whose product is = n. Thus, 
17 and 4 are factors of 68, so also arc 34 and 2 ; also 17, 2, and 2. 

(2) A prime number, or prime, is a number which has no factors, 
except itself and 1; as 2, 3, 5, 19, 233. 

(3) A common factor, common divisor or common measure, 

of two or more numbers, is a number winch exactly divides each ol them. Thus, 
3 is a common divisor of 6, 12, and 18 

(4) The highest common factor or greateMf common divisor, 

of two or more numbers, is called their II. C. F. or their Cl. C. IK Thus, 6 is 
the II. C. F. of 6,12, and 18. 

(5) To find the H. C. F. of two or more numbers; find the prime factors 
of each, and multiply together those factors which arc common to all, taking 
each factor only once. Thus, requited the H. C. F. ol 78, 126, aud 234. 


78 2 X 3 y 13 


end II. C. F. = 2 X 3 = 6. 

(6) To And the II. C. F. of two large numbers; divide the greater by the 
less; then the less by the remaindei, A; A by the second remainder, Ji; B by 
the third remainder, C ; and so on until there is no remainder. The last divisor 
is the H. <J. F. Thus, requited the li. C. F. of 675 aud 782. 

675)782(1 

_575 

A 207)575(2 
414 

B 161)207(1 
_ lfil 

C 46)161(3 
138 

1/ 23)46(2 II. C. F. = I> = 23. 


0 

(7) A common multiple of two or more numbers is a number which if 
exactly divisible by each of them. 

(8) The leust common multiple of two or more numbers is called 
their L. C. M. 

(9) To And the L. €'. M. of two or more numbers ; find the prime factors 
of each. Multiply the factors together, taking each as many times as it is con. 
tained iu that number in which it is oftencst repeated. Thus, required the 
L. C. M. of 7, 30, and 48. 

7 = 7 

30 = 2 X 3 X 6 
48-2X2X2X2X3 

" L.C.M. = 7 X2 X 2X 2 X 2 X3 X5= 1680. 

(10) To And the L. C. M. of two large numbers; find the H. C. F., as 
above; and, by means of it, find the other factors. Then find the product of the 
factors, as before. Thus, required the L. C. M. of 575 and 782. As above, 

H.C. F. =23; ^ = 25; and ^ = 34. Hence, 

575 = 23 X 25 
782 = 23 X 34 

and L. C. M. = 23 X 25 X 34 = 19,550. 


FRACTIONS. 

(1) A common denominator of two or more fractions is a common 

multiple of their denominators. 

(2) The leaot common denominator, or LC. D., of two or mon 
(notions ia the L. C. M. of their denominators. 



ARITHMETIC. 


(3) To reduce to a common denominator. Let 

N -= the new numerator of any fraction 
n — its old numerator 
d Its old denominator 
0 =» the common denominator 

Then XT C 

N = n 

d 

Thus, -jj, C - L. C. M. of denominators = 24. 

„ v 24 

8 A 4 8 X 6 _ 18 5 _ !>_>. 4 __ 20 , 7 = 7 X 8 21 

4 .24 '' 4 X 6 24 ’ 6 6 X 4'” 24’ 8 8 X 3 24* 

4 X A 


If none of the denominators have a common factor, then C=tbe product of all th| 
ienominators, ^ -- the product, ]’, of all the other denominators, and N = P n 

Thus, |, -J, f 0 — 84 

2 56 1 _ L* ’ A Xl - 21. 5 5 X 3 X 4 _ 6 n 

o 84 ¥¥ ’ 4 84 8 f ' 7 84 "" ¥4* 


(4) Addition and Snbtrnction. If necessary, reduce the fractious tfl 
* common denominator, the lower the bettei. Add or subtract the numerators. 
Thus, 


8 _ 1 _ 2 _ 1 . 3 . 

4- - 4 - 4 - 2 > f 


7 « . 

8 8 ^ 

¥ ~ ¥¥ 


1 - / 

1 ¥ ' 3„ 

J 3 1 

n * 


1 1. 
¥t>' 


20 

' ¥¥ • 


¥ ? ¥ ; ¥ ' 


3 _ 7 1 

4 "" 8 I 


(5) M 11 1ti|plication. Multiply together the numerators, also the denomi¬ 


nators, cancelling where possible. Tim. 
1x1=1. 3 X - 1 . 

7 A — £) T A j 


8 . 3 
T¥’ 4 


: T¥ ; 


x -o x 

e 2 0.. 2 v 3 2. 

5 2 1 ’ ¥ x 5 ¥» 


4 of 2 of I of i 


f x l : 


• X - 


<•) Division. Invert the divisor and multiply. Thus, 


*7 + 1 f 


¥ 


-!x 


3 „ .. 

1 *» 


4 ^ ¥ “ 4 A 5 

5 ^ 7 _ 


Y x 
x 


l¥ "• 1 ¥¥ : 

fxf 

4 


8 40 

7 “ T 


(7) A fraction is said to be in its lowcMt terms, or to be aimplified* 
when its numerator and denominator have no common factor. Thus, 


3-|- simplified 


(8) To reduce to lowest terms. Divide numerator and denominator 

34 
85' 

34 + 17 2 


by their H. C. F. Thus, required the lowest terms of 
H. C. F. of 84 and 


. 34 „ 

17; “ nd 86 86 + 17 i 
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DECIMALS. 

(9) Multiplication. The product has as many decimal places as the 
factors combined. Thus, 

Factors: 100 X 3 X 3.5 X 0.004 X 465.21 - 1053 882000 

Number of decimal places: 0 1-0+1+ 3 + 2 -- 6 

(10) Division. The number of decimal places in the quotient. =* those in 
the dividend minus those in the divisor. Thus, 

_««° ,25- 3 3 00 . 0 42 . 0 4200 

'4 ’4 4 °* 7 ’’ 0.0021 “ 0 0021 200 * 

When the divisor is a fraction or a mixed number, we may multiply both 
divisor and dividend by the least power of 10 which will make the divisor a 
Whole number. Thus, 

2 679454 26.7-14.54 

"0.0062 62 ‘ * 

(11) To reduce a common fraction to decimal form; divida 

the numerator by the denominator. Thus, -'j-jj- = 0.8; 1 = -| =■ 1.6. 

Table 1. Decimul equivalent*) of common fractions. 


1.25; - _ 
4.1 ’ * 


8th* 

teths 

32.1* 

(Uths 


8ths 

leths 

32ds 

04ths 





, 

.015625 




83 

.515625 



1 

2 

.03125 



17 

34 

..53125 




3 

.046875 




35 

..546875 


l 

2 

4 

.0625 


9 

18 

36 

.5625 




5 

.078125 




37 

.578125 



3 

6 

.09375 



19 

38 

.59375 




7 

.109375 




39 

.609375 

1 

2 

4 

8 

.125 

5 

10 

20 

40 

.625 




9 

.140625 




41 

.640625 



5 

10 

.T6625 



21 

42 

.65625 




11 

.171875 




43 

.671875 


3 

C 

12 

.1875 


11 

22 

44 

.6875 




13 

.203125 




45 

.703125 



7 

14 

.21875 



23 

46 

.71875 




15 

.234375 




47 

.7:U375 

S 

4 

8 

16 

.25 

6 

12 

24 

48 

.75 




17 

.265625 




49 

.765625 



9 

18 

.28125 



25 

50 

.78125 




19 

.296875 




51 

.796875 


5 

10 

20 

.3125 


13 

26 

52 

.8125 




21 

.328125 




53 

.828125 



11 

22 

.34375 



27 

54 

.84375 


* 


23 

.359375 




55 

.859375 

8 

6 

12 

24 

.375 

7 

14 

28 

56 

.8J5 




25 

.390625 




57 

.890625 



13 

26 

.40625 



29 

58 

.90625 




27 

.421875 




59 

.921875 


7 

14 

28 

.4375 


15 

30 

60 

.9375 




29 

.453125 




61 

.953125 



15 

30 

.46875 



31 

62 

.96875 




31 

.484375 




63 

.984375 

4 

8 

16 

32 

.5 

8 

16 

82 

64 

1 . 


(12) To reduce a decimal fraction to common form. Sup] 
the denominator (1), and reduce the resulting fraction to its lowest terms. Tni 

025. 025 - 2S = 0 75 = 7 ’ = *• 0 890625 890625 57 

5 1.00 100 4 ’ 100 4 ’ °- 890625 1000000 = 64* 


100 ' 
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(13) Recurring:, circulating, or repeating decimals are those ii 

which certain digits, or series of digits, recur indefinitely. Thus, = 0.3338...., 

and bo on ; =» 1.428571428571.. and so on. Recurring decimals may be in* 

dicated thus: 0.3,1.428571; or thus: 0 *3, 1.*428571. 


RATIO AND PROPORTION. 

(1) Ratio. The ratio of two quantities, as A and B, is expressed by their 
quotient, ^ Or -. ThuB, the ratio of 10 to 5 is =■ — 2; the ratio of 5 to 10 


a TU “ 


0.5. 


A* 

B* 


(2) Duplicate ratio Is the ratio of the 'squares of numbers. ThuR, 
is tbe duplicate ratio of A and B. 

(3) Proportion is equality of ratios. Thus, == “ 2. 

In the figure, which represents segments, A, B, C, and I), between parallel lines} 
A:B::C:P,or'> 

(4) The first and fourth terms, A and D, are called tbe extremes, and the 
aeeond and third, B and <’, ate called the means. The tirst term, A or C, 
of each ratio, is called the antecedent, and the second term, B or I>, Is called 
the conseqnent. P is called the fourth proportionul of A, B, and C. 

(5) In a proportion, A : B — C : I», we have: 

Product of extremes - product of means. A I) * B C. 

... A C A B 

Alternation. ^ 1 


B 


B D’ 
D. B 
* 0’ D 
A f_B 
A *“ 


Composition. 

Division. — — = 
A 


V 

A D C 
* C J B “ A‘ 

C +D . A + B 
C ’ B * 


Composition and division. 
We have, also; 


C-JD. A —B C-D 
C J B “ D * 
A_+ B C tb 
A - B " C - D* 



m A 
inB " 


w_A 
n B ' 


n_0 4 

» d ; 


m A 
n B 


AJ| _ 
B M ” 
I), we have B 


m C > 
' m lT 5 


“/a Vc 
u n ’ vb ” Vi> 

=» C — n>, then A : m — 


(6) If, in the proportion, A : B 

m : D, or — « - or m * A D, or m = i/A 1>. 
m if 

(7) In such cases, m is called the mean proportional between A and D, 
tod Dis called the third proportional of A and m. 

A continued proportion is a series of equal ratios, as . 

„ ACE. 

R; or .. = ,, = etc. — R 
li 


A: B = C: D =* E: F, etc. - 
In continued proportion, 

A + C -f- E - 4 - etc. 

B + D + F>“etc. 

If A C. A' C\ A" 

“ B ” I>’ S' “ JV ; B" ‘ 

m Let A, B, and C be any three numbers. Then 
A A B .A AC 
C " B ’ C’ aDd B * C ■ B* 


_ A 
"" B ' 
C". 

' D"' 


then 


D 

|etc. -B 
F 

A A'A* CC'C* . 
BB'B*" DD'D*' 


• 0.*3, L *428571, etc., standing for 0.8338...,, 1.428571428571 .etc. 
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(%) Reciprocal or inverse proportion. Two quantities are said 
to be reciprocally or inversely proportional, when the ratio ^ of two values, A 
Ip 

and B, of the one, is — the reciprocal, of the ratio of the two corresponding 
values of the other. Thus, let A » a velocity of 2 miles per hour, and B 3 
miles per hour. Then the hours required per mile are respectively, A' = - 

mdB'-i - Here A: II-I!': A', or , or | =-- | 1 + ^ 

(10) If two variable numbers, A and B, are reciprocally projiortiona!, so that 
A' :W = B" : A", the product, A' A'', of any two values or one of the number! 
is equal to the product, B' B" of the two corresponding values of ihe other. 

(11) The application of proportion to practical problems is sometimes called 
the rule of three. Thus: Nin^le rule of three ♦ If 3 men lay 10,000 
bricks in a certain time, how many could 6 men lay in the same time? 

As 3 men are to 6 men, so are 10,000 bricks to 20,000 bricks; or, 10,000 
bricks X ^ = 20,000 bricks. 

If 3 men require 10 hours to lay a certain number of bricks, how many hours 
would 6 men require to lay the same number? 

As 6 men aro to 3 men, so are 10hours to 5 hours; or, 10 hours X — 5 hours. 

(121 Double rule of three. 

If 3 men can lay 4,000 bricks in 2 days, how many men can lay 12,000 bricks 
In 3 days? Hero 4,000 bricks require 3 men 2 days, or 6 man-duys, and 12,000 

bricks will require 6 X = 6 X 3 =* 18 man-days; and, as the work is to be 

done tn 3 days, ^ = 6 men will be required. 


PROGRESSION. 

(1) Arithmetical Projprefwion. A series of numbers is said to be in 

arithmetical progression when each number differs from the preceding one by 
the same amount. Thus, —2, —1, 0,1,2,3,4, etc., where difference = 1; or 4, 3, 
2,1, 0, —1, —2, etc., where difference — —1; or —1, —2, 0, 2,4, 6, 8,10, where 
difference = 2; or 1%, l,%, %, 0, —% —etc., where difference = 

(2) In any such series the uunil>ers are called terms. Let a he the first term, 
! the Inst term, d the common difference, n the number of terms, and s the sum 
of the terms. Then 


Required Given 
l a d n 

t ads 

t a d n 

a d l s 

n ads 

n d l s 


l a + (» — 1) d 

^2d, + (a-^d)> 
[2« + (n— 1) rf] 
a - 

d —2n± /(2 a — d)°- +8 it 
*- 2 d~~ 

2 l 4- d ± ,']2/ d,- - 8 J , 

'. 2 d ' 


(S) Geometrical Progression. A series of nnmliers Is Baid to be in 
geometrical progression when each number stands to the preceding one in the 
same ratio. Thus: i, i, 1, 3, 9, 27, 81, etc., where ratio =>3; or 48, 24,12, 8, 
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(4) Let a be the first term, l the last term, r the constant ratio, n the numbei 
of terms, and s the sum of the terms. Then; 


Required Given 

/ a r n 


l 


=>«r B—1 * 


1 

a r s 

1 a -4- (r — 1) x 

l 

r n s 

, . (' -ll-w’ 1 - 1 
r M — 1 

f 

an l 

*i—i «—1/— 

v f w - l « n 

*-i-i 

1 l ~ v» 

t 

r n l 

l r "— l 

'’"7" ^r’- r 

r 

an l 

*• “ "i ' 


PERMUTATION, Etc. 


(1) Permutation shows m how many positions any number of things can 
be arranged m a row. To do this, multiply together all the numbers used in 
counting the things. Thus, in how many positions in a row cau 9 things be 
placed? IIere, 

lX2X3X4X&X6X7X8X9-= 362880 positions. A ns. 

(2) Combination shows how many combinations of a few things cau lie 
made out of a greater number of things. To do this, first set down that number 
which indicates thegieater number or things; and after it a senes of numbers, 
diminishing by 1, until there are in all as many as the number of the few thiugs 
that are to form each combination. Then beginning under the last one, set down 
said number of few things; and going backward, set down another series, also 
diminishing by 1, until arriving under the first of the upper numbers. Multiply 
together all the upper numbers to form one product; and all the lower ones to 
form another. Divide the upper product by the lower one. 

Ex. How many combinations or 4 figures each, cau be made from the 9 figures 
1,2, 8, 4, 5, 6, 7, 8, 9, or from 9 auy things? 


9 X 8 X 7 Xfi 3024 
1 X 2 X 3 X 4 " ' 24 


126 combinations. Ans. 


(S) Alligation shows the value of a mixture of different ingredients, when 
the quantity and value of each of these last Is known. 

Ex. What is the value of a pound of a mixture of 20 fts of sugar worth 15 cts 
per ; with 80 lbs worth 25 cts per lb? 


lbs. cts. cts. 
40 X 15 = 300 
*80 X 25 = 750 


Therefore, ^ = 21 cts. Ans. 


# lbs. 1050 cts. 


PERCENTAGE, INTEREST, ANNUITIES. 

Percentage. 

(I) Ratio Is often expressed by means of the word • per" Thus, we speak oi 
a grade of 105.6 feet per mile, i. e., per 5280 feet. When the two numbers in the 
ratio refer to quantities of the same kind and denomination, the ratio is often 
expressed as a percentage (per/mndredage). Thus, a grade of 105.6 feet per mile, 


• Equations involving powers and roots are conveniently solved by meant of 
logarithms. 
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or per 5280 feet, is equivalent to a grade of 0.02 foot per foot,* or 2 feet per 100 
feet, or simply (since both dimensions are in feet) 2 per 100, or 2 per ‘cent. 

i9) One-hflieth, or 1 per 50, is plamlv equal to two hundredths, or 2 per hun¬ 
dred or 2 per cent. Similarly >4 - 25 per cent., •% - » X 25 per cent ~ 75 per 
oent. etc. Hence, to reduce a ratio to the foim of percentage, divide 100 times* 
the first term by the second. Thus, in a concrete of 1 part cement to 2 of sand 
and 6 of broken stone, there ure 8 parts 111 all, and we have, by weight—t 


Cement 

1 

8 

--- 0 125 

-= 12.5 per cent, of the whole. 

Sand -= 

2 

8 

- 0 250 

25.0 “ “ 

Stone * 

5 

8 

-- 0 625 

62 5 “ 14 

Concrete 

8 

8 

- 1 O00 

100.0 “ “ 


(a) Percentage is of \etv wide application in money matters, payment for 
service in -neb matters being often based upon the amount of money involved. 
Thus, a purchasing or selling agent may be paid a brokerage or commission 
which forms a certain percentage of the mouej value of the goods bought or 
sold , the premium paid for insurance is a puicentage upou the valucof the goods 
111 .sumi, etc. 

Interest. 

(4) Interest is hire or rental paid for the loan of money. The sum loaned it 
called the principal, and the number of eeuts paid annually for the loan ot 
each dollar, or ofdollais per hundred dollais, is called the rate of interest. 
The rate is always slated as a jiereentagc. 

(5) If the interest is paid to the lender as it accrues, the money Is said to be 
at ttimple interest; but if the inteiest is periodically added to the princi¬ 
pal, so that it also earns interest, the mouey is said to he at compound 
interest, and the interest is said to be compounded. 


Simple Interest. 

(6) At the end of a year, the Interest on the principal, P, at the rate, r, is — 
P r, and the amount, A, or sum of principal and interest, is 

A — P -f P r = P (1 + r). 

(7) At the end of a numbor, n, of years, the interest is — Pm (seeright* 
hand side of Fig. 1), ai.J 

A—P + Prn — P(1 +*•«). 

Thus, let P - $865 32, r = 3 per cent., or 0.03, n = 1 year, 3 mouths and 10 
days — 1 year and 100 days -- 11 j? £ years =-- 1.274 years. Then A — P (1 +r») 
- $865.32 X (1 F 0.03 X 1.274) - $865.32 X 1.03822 = $898.39. 

(8) For the present worth, principal, or capitalization, P, of 

the amouut, A, we have 


Thus, for the sum, P, which, in 1 year, 3 months, 10 days, at 3 per cent, 
simple interest, will amount to $898.39, we have P — j"^T(hj 3 x iM4 “ ® 865 - 32 - 
(9) In commercial business, interest Is commonly calculated approxi¬ 
mately by taking the year as consisting of 12 months of 30 daja each. Then, 
at 6 per cent., the interest tor 2 months, or 60 da?s, - 1 per eent.pl month, or 30 
days, -- %per cent.; 6 days = 0.1 i»er vent. Thus, required the interest on 
$1264.35 for 5 months, 28 days, at 5 per cent. 


•A Jraclion, as A, -fa, etc., or Its decimal equivalent, as 0.125, 0.3125, etc., 
is compared with unuy or one; but in yercenhiqe. the first term of the ratio is 
compared with one hundred units of the second term. Mistakes often occur 
through neglectof this distinction. Thus,0.0G,(six per ceuL or six per hundred) 
is sometimes mis-read six one-hundredths of one per cent, or six oue-huA> 
iredths j>er cent. 

♦ For proportions by volume, see pp 935 aud 943. 
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Principal. $126135 

Interest, 2 mob, 1 per cent. 12.64 

“ 2 tuns, 1 “ 12.64 

“ 1 mo, i “ 6.32 

M 20 days, $ “ 4.21 

“ 6 days, 0.1 “ 1.26 

“ 2 days, & “ 0.42 

Interest ut C js-r cent. $:t7.49 

I deduct one-sixth. 6.25 

Interest ut 5 per cent. $31.24 


Equation of Payment*. 

(10) A owes B $1200; of which $400 are to i>e paid in 3 months; $500 in 4 
mouths; and $.300 in G months; all healing interest until paid; but it has been 
agreed to pay all at onee. Now, at what time must this payment !>e made so that 
neither party shall lose any interest? 

$ months. 

400 X 3 — 1200 , .. 5000 

500 X 4 = 2000 Average time — mouths. Ana. 

_300 X 6 - 1800 
1200 5000 

Compound Interest. 

(11) Interest is usually compounded annually, semi-annually, or quarterly, 
If it is compounded annually, then (see left, side of Fig. 1) 

at the end of 1 year A *= P (1 + ») 

“ “ 2 years A«P(1 + r) (1 -f r) = P (1 + r)* 

** ** n years A = I* (1 + r) n ; and 

P= ( 7 + A 7 ) »- jA(1 + rr * 

A 

p = (l+r) n 

( 12 ) If the interest is compounded g times per year, we har* 



(IS) The principal, P, is sometimes called the present worth or present 
value of the amount, A. 'Ihus, in the following table, $1.00 is the present 
worth of $2,191 due in 20 years at 4 per cent, compound interest, etc etc. 



OlX34J07SBn 

Year* 

Fig. 1. 
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Fable 2. Compound Interest. 

Amount of $1 at Compound Intetest. 


Years. 

3 

3K 

4 

«K 

o 

v/. 

6 

«K 

per 

per 

per 

per 

per 

l>er 

per 

per 


cent. 

cent. 

ceut. 

ceut. 

cent. 

ceut 

cent. 

edit 

1 

1 030 

1.035 

1.040 

1 045 

1.050 

1.055 

1.060 

1.065 

2 

1.0G1 

1.071 

1.082 

1.092 

1.103 

1,113 

1.124 

1.134 

3 

1.093 

1.109 

1.125 

1.141 

1.158 

1.174 

1.191 

1.208 

4 

1.126 

1.148 

1.170 

1.193 

1.216 

1.239 

1.262 

1.286 

6 

1.159 

1.188 

1.217 

1.246 

1.276 

1.307 

1.338 

1.370 

6 

1.194 

1.229 

1.265 

1.302 

1.340 

1.379 

1.419 

1.459 

7 

1.230 

1.272 

1.316 

1.361 

1.407 

1.455 

1.504 

1.554 

ft 

1.267 

1.317 

1.369 

1.422 

1.477 

1.635 

1.594 

1.655 

9 

1.305 

1 363 

1.423 

1 486 

1 551 

1.619 

1.689 

1.763 

10 

1.344 

1.411 

1.480 

1.553 

1.629 

1.708 

1.791 

1.877 

11 

1.384 

1.460 

1.539 

1.623 

1.710 

1.802 

1.898 

1.999 

12 

1.426 

1.511 

1.601 

1.696 

1.796 

1.901 

2 012 

2.129 

IS 

1.469 

1.564 

1.665 

1.772 

1.8S6 

2 006 

2.133 

2.267 

14 

1.618 

1.619 

1.732 

1.852 

1.980 

2.116 

2 261 

2 415 

15 

1.558 

1.675 

1.801 

1.935 

2.079 

2.232 

2.397 

2.672 

lfl 

1.605 

1.734 

1.873 

2.022 

2.183 

2.355 

2.540 

2.730 

17 

1.688 

1.795 

1.948 

2 113 

2.292 

2.485 

2 693 

2.917 

IK 

1.702 

1.868 

2.026 

2.2X8 

2.407 

2.621 

2 854 

3 107 

19 

1.754 

1.923 

2.107 

2.308 

2.527 

2 766 

3 026 

3.309 

20 

1.896 

1.990 

2.191 

2.412 

2.053 

2.918 

3.207 

3.524 

« 

1.860 

2.059 

2 279 

2 520 

2 786 

8.078 

3.400 

3.753 

22 

1.916 

2.132 

2.370 

2.634 

2 925 

3.248 

3.604 

3.997 

23 

1.974 

2.206 

2.465 

2.752 

3 072 

3.426 

3.820 

4.256 

24 

2.033 

2.283 

2 563 

2.876 

3.225 

3.615 

4.049 

4.533 

25 

2.094 

2.363 

2.606 

3.005 

3 386 

3.813 

4.292 

4.828 

26 

2.157 

2.446 

2.772 

3.141 

3.556 

4.023 

4 549 

5.141 

27 

2.221 

2.532 

2 883 

3.282 

3.733 

4.244 

4.822 

5.476 

28 

2 288 

2.620 

2.999 

3.430 

3.920 

4.478 

5 112 

5.832 

29 

2.357 

2 712 

3.119 

3.584 

4.116 

4.724 

6.418 

6.211 

30 

2.427 

2.807 

3.243 

3.745 

4.322 

4.984 

5.743 

6.614 

31 

2 500 

2.905 

8.373 

3.914 

4.538 

5.258 

6.088 

7.044 

82 

2.575 

3.007 

3.508 

4.090 

4.765 

5.547 

6.453 

7.502 

S3 

2 652 

3.112 

3.648 

4.274 

5 003 

5.852 

6.841 

7.990 

34 

2.732 

3.221 

8.794 

4.466 

5 253 

6.174 

7.251 

8.509 

85 

2.814 

3.334 

3.946 

4.667 

5.516 

6.514 

7.686 

9.062 

86 

2.898 

3.450 

4.104 

4.877 

5.792 

6.872 

8.147 

9.651 

s? 

2.985 

3.571 

4.268 

5.097 

6.081 

7.250 

8.636 

10.279 

88 

3 075 

3.696 

4.439 

5.326 

6 385 

7.649 

9.154 

10.947 

89 

3.167 

3.825 

4 616 

5.566 

6 705 

8.069 

9.704 

11.658 

40 

3.262 

3.959 

4.801 

5.816 

7.040 

8 513 

1(1.296 

12 416 


Compound interest on M dollars, at apy rate r for » years = M X compound 
Interest on 81 at same rate, r, and for n years. 


Annuity, Sinking: Fund, Amortisation, Depreciation. 

(M) Under " Interest” we deal with cases where a certain sum or “prin- 
eipal,’ P, paid once for all, is allowed to accumulate either simple or compound 
interest; but in many cases equal periodical payments or appropriations, called 
annuities, are allowed to accumulate, eaten earning its c*rn interest, usually 
tom pound. 

2 
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(15) Than, a sum of money is set aside annually to accumulate compound 
Interest and thus torin a linking: fund, in order to extinguish a debt. In 
this way, the cost of engineering works is frequently paid virtually in instal¬ 
ments. This process is called amortization. 

(10) In estimating theo|ieiatiiig expenses of ongineeiing works, an allowance 
is made for depreciation. In calculating tins allowance, we estimate or 
assume the life-time, w, of the plant, and hud that annuity, ;>, which, at an 
assumed rate, i, of compound interest, will, in the time n, amount to the cost of 
the plant, and thus provide a fund by means of which the plant may be replaced 
when worn out or NUjiersi-ded. 

(17) The prcMcut worth, present value, or capitalization, W, 

Fig. 2, of an annuity, />, for a given number, «, of years, is that sum which, if 
now placed at compound interest at the assumed rate, >, will, at the end of that 
time, reach the same amount, A, as will be reached by that annuity. 




(18) Equation** tor Compound Interest and Annuities. (See 

Figs. 1 and 2 ) 

P - principal; r rate of interest; « number of years; 

A — amount; j) -- annuity; W — present worth. 

The interest is supposed to be compounded, and the annuities to be set aside,, 
at the end of each year. 

CVnponnd Interest. 


(1) The amount. A, of $1, at the end of« years, see (II), is A = (1 + r) H . 

(2) Since the present worth of (1 + r) n , due in n years, is Si, see (1), it 
follows, by proportion, that the present worth, Vi', of $1, due in n years, 


Is W - - - - (1 + r)“«- 

0 + 0 * 


Annuities. 


(3) In n years, an annuity of Sr will amount to (1 -f ») n — 1.* 
amount, A, of an annuity of SI, at the end of n years, is 

A . " ♦'>*_• 1- 


Hence, the 


*In the case of compound interest on Si, the rate, r, may he regarded as an 
annuity, earning its interest; and, at the end of n years, the amount of the 
several annuities (each -= the annual iuterest, r, on the SI principal) with the 
Interests earned by them, is = the amount, (1 -f r) w , of SI in » years at rate, r, 
minus the $1 principal itself; or, amount of annuity = (1 + r) n —■ L 
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(4) For the present worth. W, of an annuity of J1 for ?i years, 

we have, from Equations (1) and (3): ^ 

(1 + r) *: l = (1 t' > Hr. w. Hence, W - — ’ 1 - - — - -—- l *—— 

* r (1 1 i )" r T 

See Table 3. 


(5) The annnity for n yeais, which 81 will purchase, b 



(1 4 ,)• 

( 6 ) The annuity which, in n yeara, will amount to 81, is 


1 

!>' !>->■“ W - 


r t_ 

(1 +>)”-! 


See Table -1. (1 + r) ” 

Table 3. Present Value of Annuity of $1000. See Equation (4). 


Kale of Inteiest (Compound). 


Years. 

*x 

8 

z% 

4 

4 K j 

5 

6 % 1 

0 

per 

per 

JUT 

per 

per 

per 

per 1 

per 


cent. 

cent. 

cent. 

cent. 

cent. | 

cent. 

cent. 

cent. 

5 

4,646 

4,880 ! 

! 4,515 

i 4,452 

4,890 

4,329 

4,268 

4,212 

10 

8,752 

8,580 

8,816 

| 8,111 

7,913 

7,722 I 

7,.538 i 

7,860 

15 

12,381 1 

11,988 

11,517 

11,118 

10,740 

10,380 ! 

10,037 ! 

9,712 

20 

15,689 

14,877 

11,212 

1 18,590 

18,008 

12,462 ' 

11,950 

11,470 

25 

18,424 

17,418 

' 16,482 

1 15,622 

14,828 

14,094 

13,414 

12,783 

80 

20,981) 

19,600 

| 18,892 

17,292 

16,289 1 

15,372 

14,534 

13,765 

85 

28,145 

21,487 

20.000 

; 18,664 

17,4(il 

16,874 

15,891 

14,498 

40 

25,1 1/3 

28,115 

• 21,355 

| 19,798 

| 18,401 

17,159 

16,045 

15,046 

45 

26,8.13 

24,519 

; 22,495 

J 20,720 

■ 19,156 

17,774 

16,548 

Iff,456 

50 

28,862 

25,780 

23,456 

1 21,482 

j 19,762 

18,256 

16,932 

15,762 

100 

36,614 

, 31,599 

27,655 

| 24,505 

21,950 

1 1 

19,848 j 

18,096 

16,618 


( 1 ft) In comparing the merits of proponed ay atoms of improvement, it is 
usual to add, to the, operating expenses and to tile cost ot ordinary repairs and 
maintenance, ( 1 ) the interest on the cost, ( 2 ) an allowance for depreciation, and 
sometimes (3) an annuity to form a sinking fund for the extinction of the debt 
incurred by construction The eapitalmitinu of the total annual expense, thus 
obtained, is then regarded as the true first cost of the construction. All the 
elements of cost arc thus reduced to a common basis, and the several propositions 
become pioperly comparable. 

(20) Thus, in estimating, in 1899,J the cost of improving the water supply of 
Philadelphia, the rate, »,of interest was assumed at3 percent, and depieeiation 
was assumed as below Under “Life” is given the assumed lile-time of each 
class of structure or apparatus, and under “ Annuity ” the sum which must lie 
set aside annually in order to replace, at the expiration of that life, 81,000 of the 
corresponding value. 


Present worth Annuity Present worth Annuity i 

♦Because, W : 81.00 ;; 81.00 : />. Hence,^-^. 

Equation (4) Equation (5) w 

Annuity Amount Annuity Amount f 

t Because, r : (1 + r) * - 1 : ; / : $1.00. Hence, / = 7 ; — -r — 
Equation (3) Equation ( 6 ) ■* t H “1 

XReport by Rudolph Hering, Samuel M. Gray and Joseph M. Wilson. 
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Structuebs, Apparatus, etc. Life, 

in years 

Masonry conduits, filter beds, reservoirs.Indefinite 

Permanent buildings. 100 

Cast iron pipe, railroad side-tracks.... 80 

Steel pipe, valve-*, bJow-o/Fa, and gates. 35 

Engines and pumps...... 30 

Boilers, electrie light plants, tramways and equipment, 

iron fences...„ 20 

Telephone lines, saud-wasber, and regulating apparatus.... 10 


Annum 

I 


O.Ofl 

1.66 

8.11 

16.54 

21.02 


37.22 

87.24 


(21) Calculated upon this basis, two projects, earh designed to furnish 450 
million gallons per day, compared as follows. 


(Jnfilteked Water, bv Aqueduct. 

1 River Water, taken within Citv 
* Limits and Filtered. 

Fn st Cost. 


First Cost. 



530,900,000 

47,730,000 

3,555,000 

1,(KM),000 





10,980,000 



Distributing reservoir. 



Total . 

883,185,000 



Annual. 

Annual. 


Interest on 883,185,000. 

Depreciation. 

82,405,550 

108,640 

Interest on 834,154,680........ 

Depreciation. 

81,024,640 

206,540 

Operation and Maintenance. 




Analyses and inspec¬ 
tion .841,620 

Ordinary repairs. 40,150 

Pumpiug and wages 140,770 


Operation and Maintenance. 

rumping. 81 , 216,021 

Filtration.*.. 525,600 





1,741,621 


82,025,730 


82,971,801 


It will be noticed that, although the first cost of the filtration project was much 
less than half that of the aqueduct project, its laige proportion of perishable 
parts made its charge for depreciation somewhat greater, wnile its cost for oper¬ 
ation ami maintenance was more than seven times as great, and its total annual 
charge a little greater. 


fable 4. Annuity required to redeem $1000. See Equation (6). 


Itate of Interest (Compound). 


Years. 

1 

per 

cent. 

0 

per 

cent. 

■2'A 

per 

cent. 

3 

per 

cent. 

8K 

per 

cent. 

4 

per 

cent. 

5 

per 

cent. 

$ 

per 

cent 

6 

196.04 

192.16 

190.24 

188 36 

186.49 

184.63 

180.98 

177.8$ 

10 

05.58 

91.33 

89.25 

87.23 

85.24 

83.29 

79.50 

75.87 

15 

62.12 

57.83 

55.77 

53.77 

51.82 

49.94 

46.34 

42.96 


45.42 

41.15 

39.14 

37.22 

35.36 

33.58 

30.24 

27.18 

M 

35.41 

31.22 

29.27 

27.43 

25.67 

KM9 

20.95 

18.23 


28.75 

24.65 

22.78 

21.02 

19.37 

17.83 

15.05 

12.65 

*s 

24.00 

MUM 

18 20 

16.54 

15.00 

13.58 

11.07 

8.97 


20 46 

16.55 

14 84 

13.26 

11.83 

10 52 

8.28 

6.46 

45 

17.71 

13 91 

12 27 

10.79 

9.45 

8.26 

6.26 

4.70 

50 

15.51 

11.82 

10 26 

8.87 

7.63 

6.55 

4.78 

3.44 

60 

12.24 

8.77 

7.35 

6.13 

5.09 

4 20 

2.83 

1.88 

70 

9.93 

6 67 


4.34 

8.46 

2.74 

1.70 

1.08 

80 

8.22 

5.16 

4.08 

3.11 

2.38 

1.81 

1.03 

0.578 

to 

6 91 

4 05 

3.04 

2 26 

1.66 

1.21 

0.627 

0.318 

100 

5.87 

3.20 

2.31 

1.65 

1.16 

■Hi 

jggggj 

0.177 
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DUOBMAL OB BUOD1HABY 50TATI0S.* 

(1) In the Arabic system of notation 10 is taken as the base, but in duodenal 
notation 12, or “ a dozen,” is the base. While 10 is divisible only by 5, aud (onot 
only! by 2,12 is divisible twice by 2, and once by 3, by 4, and by 6. This accounts 
for tne popularity of the dozen us a basis of enumeration; of weights, as in the 
Troy pound of 12 ounces; of measures, as in the foot of 12 inches; the vear of IS 
months, and the half day of 12 hours; and of coinage, as m the British shilling 
Of 12 pence. 

(2) The duodenal notation uses the dozen (12), the gross (12 2 = 144), and the 
great gross (12* ---12 gross =— 1728), as the decimal system uses the ten (10), the 
hundred (10'- — 1001, and thethousand (10* = lOhundred - 1000). Two arbitrary 
single characters, such as T aud K, represent ten and eleven respectively; the 
aymbol 10 represents a dozen; 11 represents thirteen, and so on. Thus, the num* 
erals of the two systems compare as follows: 

Decimal 1 2 3 4 5 6 7 8 9 10 11 12 13 14 ... 20 21 22 23 24 25 36 48 60 

Duodenal 1 2 3 4 5 6 7 8 9 T E 10 11 12 ... 18 10 IT IE 20 21 30 40 50 

Decimal 72 84 96 99 100 108 109 110 111 112 113 117 118 119 120 121 122 

Duodenal 60 70 80 83 84 00 91 92 93 91 05 99 9T OK TO T1 T2 

Decimal 129 130 131 1.52 133 138 140 141 142 143 111 288 1728 20736 etc. 
Duodenal T9 TT TE K0 El E6 K8 E9 ET EH 100 200 1000 10000 etc. 

(S) Duodecimals. Areas of rectangular figures, the sides of which are 
expressed in feet and incites, are still sometimes found by a method called 
" I>u( decimals,” in which the products are in square feet, in twelfths of a square 
foot (each equal to 12 square inches) ami In square inches; but, by means or our 
table of ” Inches, reduced to decimals of a foot,” page 221, the sides may be taken 
in feet and decimals of a foot, and the multiplication thus more conveniently 
performed, after which the decimal fraction of a foot in the product may, a 
desired, be converted into sqiuie inches by multiplying by 144. 


•dee Element* of Mechanics, by the late John W. jSysiim 
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no. ; 


1 

2 

3 

4 

5 , 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 


ir> 

17 - 

lfc| 

19 i 

20 


21 ' 

22 1 

23 I 

24 I 

25 : 


Table of Reciprocal* of Number*. Seep.52. 


Reciprocal. 

No 

Reciprocal. 

No. 

Reciprocal. 

No 

Reciprocal 

1.000000IKM) 

.V, 

.017857143 

Ill 

.009000009 

166 

.006024096 

O.WKXXMHXX) 


.017543860 

112 

.008928571 

1(57 

.005988024 

smi 

58 

.017241379 

113 

.008849558 

168 

.005952381 

250<KKMf00 

59 

.010949153 

114 

.0087719.50 

169 

.005917160 

.2000MXXK) 

60 

.010666667 

115 

.(KI8695652 

1/0 

.005882:153 

.16G6G6667 

61 

.016393413 

116 

.(K)86206!X) 

171 

.005847953 

.142857143 

62 

.016129032 

117 

.008547(X)9 

172 

005813953 

.125JKKKI00 

03 

.015873016 

H8 

.008174576 

173 

.005780347 

.111111111 

64 

.015025000 

119 

.00840:5:561 

174 

.005747126 

.100000000 

65 

.015384615 

120 

.0083333355 

175 

.005714286 

.690909091 

66 

.015151515 

121 

.008264-163 

176 

.00.5681818 

.0833:13333 

67 

.014925:573 

122 

.008196721 

177 

.00,5649718 

.070923077 

08 

.<>1470,5882 

123 

.008130081 

178 

.005617978 

.071128571 

09 

.011192754 

121 

.008064516 

179 

.005586592 

.060666007 

70 

.01428,5714 

125 

.OOSOO(XXX) 

180 

.005555556 

.062500000 

71 

.014081507 

126 

.007936.508 

181 

.005524862 

.058823529 

72 

.013888889 

127 

.007871016 

182 

.005494505 

.055555556 

73 

.0i:l098(i;i0 

128 

.007812500 

183 

.005464481 

.052031579 

74 

.013512514 

129 

.0077519:58 

184 

.005434783 

.050000000 

7b 

.01X5:13333 

130 

.00769-2308 

185 

.005405405 

.0-17619018 

76 

.013157895 

131 

.007633588 

186 

^X),5376344 

.015154545 

77 

.012987013 

132 

.007575758 

187 

.005347594 

.013178261 

78 

.012820513 

133 

.007518797 

188 

.005319149 

.011000667 

79 

.012658228 

K54 

.007462687 

189 

.005291005 

.040000000 

80 

.0112500000 

135 

.007407407 

ISO 

.005263158 

.038161538 

81 

.012545679 

136 

.007352911 

191 

.005235602 

.0:17037077 

82 

.0V2195V22 

137 

.007-299270 

192 

.00.5208333 

.035711286 

83 

.012048193 

138 

007246377 

193 

.005181347 

.(KH4K2759 

84 

.01UKM762 

139 

.007191245 

194 

‘ .005154639 

.0:53333X13 

85 

.011764706 

140 

.007142857 

195 

1 .005128205 

.0322-58005 

86 

.011627907 

141 

.007092199 

1% 

.005102011 

.03125(XXX) 

87 

.011494253 

142 

.007012254 

197 

.005076142 

.030:503030 

88 

.0113(5:56:56 

143 

.006993007 

198 

.005050505 

.029111705 

89 

.011235955 

144 

.006944144 

199 

.005025126 

.028.571429 

90 

.011111111 

145 

.006896552 

200 

.<X)5000000 

.027777778 

91 

.010989011 

146 

.006849315 

201 

.004975124 

.027027027 

92 

.010869.565 

147 

.006802721 

202 

.004950195 

.021.315789 

93 

.010752(588 

148 

(X16756757 

203 

.004926108 

02 *041020 

94 

.0106:58298 

149 

.006711409 

204 

.004901901 

.O25()000(Kl 

95 

.010526316 

150 

.IXX>660667 

205 

.004^8049 

.024390244 

96 

.010416667 

151 

.006622517 

206 

.0048.54369 

.023809.521 

97 

.010309278 

152 

.000578947 

207 

0048:10918 

.0232.65814 

98 

.010204082 

153 

.006.535918 

208 

004807692 

.022727273 

99 

.010101010 

154 

.006493506 

209 

00478468ft 


100 

.0KXX10000 

155 

.006451613 

210 

004761905 

.021739130 

101 ' 

(>09900990 

156 1 

.0064102.56 

211 

.004739336 

.021276596 

102 

.009803922 

157 

.00(5369427 

212 

.004716981 

.020833333 

103 

.(KW708738 

158 ; 

.006329114 

213 

.004694836 

,02o4081 (53 

km ; 

.009615:58.5 

1.59 

.006289308 

214 

.004672897 

.020000000 

105 

.009523810 

1(50 ; 

.006250000 

215 

.004651163 

.019007843 

106 

.009433962 

161 

006211180 

216 

.004629630 

.019230709 

107 

.009345791 

162 

.(K MU 72840 

217 

.004608295 

.018807925 

108 

.(KH>259259 

163 

.006134969 

218 , 

.(XM587156 

.018.518.519 

109 

.009174312 

161 

0(16097561 

219 

.004.566210 

.018181818 

110 

.00909090C 

165 . 

.006060606 

220 1 

.004545455 
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Table of Reciprocal* of Nlimbers.— (Qmtinved ) See p 52. 


No. | 

Reciprocal. 

No. | 

Reciprocal. 

No. | 

Reciprocal. 

No. 

Reciprocal 


.004524887 

276 1 

.003623188 

331 ! 

003021148 

386 I 

002.590674 


.004504505 

277 ! 

.003610108 

332 

.003012048 

387 j 

002583979 


.004484305 

278 , 

.003.597122 

m ; 

,0<i:y*)3003 

388 

002577320 

224 * 

.004164280 

279 l 

.003584229 

331 

.002**94012 

389 1 

.002570694 

225 | 

.004444444 

280 ; 

.003.571429 

H 

.<X)2985075 

390 

.002564103 

220 ! 

.004424779 

2*1 1 

.003558719 

3311 j 

.002976190 

391 1 

002557545 

227 1 

.00410.5286 

282 

.00:1546099 

337 

.002907359 

892 1 

002551020 

228 

.001:485965 

283 1 

.003533569 

338 1 

002958580 

393 

.002544529 

229 i 

001300812 

284 ! 

.00:1.521127 

339 1 

(KI2949K53 

394 

.002538071 

230 

.004347820 

285 I 

.003508772 

310 

.002941176 

395 | 

.002531646 

231 

.004329004 

286 ! 

.003196503 

341 ' 

.002932551 

396 i 

.002525253 

232 

.004310:145 

287 ‘ 

003184321 

312 ' 

.0021*23977 

397 ■ 

.002518892 

233 

.004291845 

288; 

(K*. {-472222 

343 

.00291M52 

398 

.002512563 

234 

.0042735<H 

»8!l 

<K)X4(^)208 

344 

.(*>2900977 

399 i 

.0025(Hi266 

235 

| .004255319 

290 ! 

.003448276 

345 

.0028981*1)1 

400 

.002500000 

236 

.004237288 

291 

.003436426 

316 

002890173 

401 

.002193769 

237 

.0042194051 

292 

00; {-124658 

347 

.(XI2881844 

402 

.002487562 

238 

.004201081 

293 

003412969 

348 

.(X)287:W*3 

403 

(102481390 

239 | 

.0011*1100 

294 

(H)3|01361 

349 

.(X 1286,53: {0 

404 

.002475248 

240 j 

.004106667 

295 

.003389831 

350 I 

0028.57143 

400 

.002469136 

241 1 

1 004119373 

'296 

.003378378 

351 

.002849(X)3 

40f, 

.002163054 

242 j 

| .001132231 

2*7 

swwim 

352 l 

(X128101X19 

407 

.(X)2157002 

243 1 

1 .Of) 111 5226 

298 ; 

003855705 

353 | 

.002832861 

408 

.002450980 

244 ! 

1 .004098301 

299 J 

.(X>334 1182 

354 

.(X *28248. .9 

4fx.l 

.002-144988 

245 | 

.004081633 

300 | 

.003333333 

3» 

.002816901 

410 * 

.002439024 

24G 

.001065011 

rwn ' 

l .003322259 

356' 

.002808989 

411 

! .00243301*0 

247 

.(KW04K5S3 

302 

.003311258 

357 

.002801120 

412 

.(XI24271H4 

248 

.004032258 

303 

1 .'*13300330 

358 

.002793296 

413 

| .002421308 

249 

.004016004 

304 

.(KI3289474 

359 

.(X)2785515 

414 

i .(X)2115459 

250 

' .004000000 

■M, 

.003278689 

360 

.002777778 

415 

| .(W2409639 

251 

; 003984064 

306 

j 003267974 

361 

.002770083 

416 

j .002403846 

252 

' .003i«i8254 

307 

1 .003257329 

362 

, 002762431 

417 

1 002398082 

253 

003952569 

308 

• 003246753 

363 

! .00277*4821 

418 

002392344 

254 

' .0039:17008 

309 

003236246 

364 

■ .002747253 

419 

! .002386635 

255 j .003921569 

310 

.003225806 

365 

.002739720 

420 | .002380952 

256 

! .003906250 

311 

.003215434 

366 

1 .002732240 

421 

1 .002376297 

257 

, 003891051 

312 

003205128 

367 

00-2724796 

422 

, .002369668 

258 

.00:1875969 

313 

.003194888 

308 

.002717:191 

423 

I .002364066 

259 

.003861(X)4 

314 

1X18184718 

369 

.002710027 

424 

! .002358491 

260 

.00384G154 j 

315 

| .003174603 

370 | 

.002702703 

426 

j .002332941 

261 

• 003831418 

316 

i .003164557 

371 

002695418 

426 

' 002347418 

262 

.003816794 | 

317 1 003154574 

372 

.1X12688172 

427 

002341920 

268 

.003802281 , 

318 

j .00314465 4 

373 ! 

(X12680965 

428 

002336449 

264 

.003787879 

319 

i .003134790 

374 

002673797 

429 

002331002 

265 

.008773585 

320 

.003125000 

375 

.002666667 

430 

j 002325581 

266 

.003759398 

321 

.003116265 

376 

002659574 

431 

i ,(X)2320186 

267 

.003745318 

322 

003105590 

377 

.002652520 

432 

002314815 

268 

.003731343 

323 

003095975 

378 

.00-2645503 

433 

002:109469 

269 

.003717472 | 

324 

003086420 

379 

00-2638522 

434 

002:104147 

270 . 

.003703704 

325 

.003076923 

380, 

.002631579 

435 

.002298861 

271 

.003690037 1 

326 

.00306748.5 

381 ! 

002624672 

436 

.002293578 

272 

.003676471 

■127 

.ousowim 

382 

.00-2617801 

437 

.002288830 

273 

,00:i6fv3004 

328 

.003048780 

383 

.002610966 

438 

.(X12283105 

274 

1 .003649635 

329 

.(XI3039514 

384 

.002604167 

439 

.002277904 

*75 

l .003636364 

330 

.003030303 

385 

.002597403 

440 

.002272727 
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RECIPROCALS OF NUMBERS. 


Table of Reciprocal* of Number*.— (amfinuoi.) Seep.62. 


No. 

Reciprocal. 

No. 

Reciprocal. 

No. 

Reciprocal. 

No. 

Reciprocal 

441 

.002267574 

496 

0020161*29 

551 

.001814882 

606 

.0016.50164 

442 

.002262443 

497 

.002012072 

552 

.001811594 

607 

.001647446 

443 

.002257336 

498 

.(K >2008032 

553 

.001808:418 

608 

.001644737 

444 

.002252252 

499 

.002004008 

5-54 

.001805054 

609 

.001642036 

445 

.002217191 

500 

.002000000 

555 

.001801802 

610 

.001639344 

446 

.002242152 

501 

.001996008 

556 

,(H)1798561 

611 

.001630661 

447 

002237136 

502 

.00199*203*2 

557 

.0017953.12 

612 

.001633987 

418 

.002232143 

503 

.(HU 988072 

558 

.001792115 

613 

.001631321 

449 

.002227171 

504 

.001981127 

559 ’ 

.(X)l 788909 

614 

.0011)28664 

450 

.002222222 

505 

.001980198 

560 

.001785714 

615 

.0016*26016 

451 

.002217295 

.506 

.001976285 

56 1 

.001782531 

616 

.0016*23377 

452 

.(M)2212389 

507 

.001972:587 

562 

.(X)l 779359 

617 

.001620746 

453 

.002207506 

508 

.001968504 

563 

.(X.I1776199 

618 

.001618123 

454 

.002202613 

509 

.001964637 

564 

.00177:1050 

619 

.001615509 

455 

.00*2197802 

510 

001960781 

565 

.001769912 

620 

.001612903 

456 

.002192982 

511 

.001956947 

566 

.001766784 

621 

.001610306 

457 

.002188184 

512 

.(K11953125 

567 

.001763668 

622 

.(XJ1607717 

458 

.002183406 

513 

.(Mil 949318 

568 

• HJ1700-563 

623 

.ooujnsm 

459 

.002178619 

511 

.00194552-5 

569 

001757469 

6*24 

.00160*2564 

460 

.002173913 

515 

.001911748 

570 

.001751386 

625 

.001600000 

461 

.002169197 

516 

.001937981 

571 

.001751313 

626 

.001597444 

462 

.00216450*2 

517 

.(HI 19:54*236 

572 

001748*2. .2 

6*27 

.001594896 

463 

.002159827 

518 

.(KH930502 

573 

.001745201 

628 

.001592357 

464 

.002155172 

519 

.(Mil 926782 

571 

.(X11742160 

629 

.001589825 

465 

.002150538 

520 

.001923077 

575 

.001739130 

680 

.00158730** 

466 

.002145923 

521 

.001919386 


.001736111 

631 

.001584786 

467 

.002141328 

522 

.IH >1915709 

577 

.001733102 

632 

.00158*2*278 

468 

.00213675*2 

523 

.001912016 

578 

.(X)17:40101 

633 

.001579779 

469 

.002132196 

524 

.001908397 

579 

.001727116 

634 

.001577287 

470 

.002127660 

525 

.001904762 

580 

.001724138 

635 

00157480S 

471 

.002123142 

526 

.001901141 

581 

.001721170 

636 

.001572327 

472 

.002118644 

5*27 

.001897.533 

582 

.001718213 

637 

.00150'i859 

473 

.002114165 

528 

.001893939 

583 

001715266 

(248 

.001567398 

474 

.002109705 

529 

.001890359 

584 

001712329 

639 

.001.564945 

475 

.002105263 

530 

.001886792 

585 

.001709402 

6-10 

.001562500 

476 

.002100840 

531 

.001883239 

586 

OOKOM&'I 

641 

.001560062 

477 

.002096436 

532 

.001879699 

587 

.001703578 

642 

.001557632 

478 

.002092050 

533 

.001876173 

588 

.00170(H),80 

643 

.001555210 

479 

.002087(583 

534 

.001872659 

589 

.001697793 

644 

.001.552795 

480 

.00208:1333 

535 

.001869159 

590 

.001694915 

645 

.001550388 

481 

.002079002 

586 

.00186.5672 

591 

.001692047 

646 

.001547938 

482 

.002074689 

537 

.001862197 

592 

.001689189 

647 

.001545,595 

483 

.002070393 

538 

.0018587:56 

593 

.001686:41 

648 

.001.543210 

484 

.002066116 

539 

.001855288 

594 

.001683502 

649 

.001.540832 

485 

.002061856 

540 

.001851852 

595 

.001680672 

650 

.001538462 

486 

.002057613 

541 

.001848429 

596 

.001677852 

651 

.001536098 

487 

.002053388 

542 

.001845018 

597 

.001675042 

652 

.001533742 

488 

.002049180 

543 

.001841621 

598 

.001672241 

653 

.001531394 

489 

.002044990 

544 

.001838235 

599 

.001669449 

654 

.0015*29052 

490 

.002040816 

545 

.001834862 

600 

.001666667 

655 

.001526718 

491 

.002036660 

546 

.001831502 

601 

.001663894 

656 

.001524390 

492 

.00*2032.520 

547 

.001828154 

602 

.001661130 

657 

001522070 

498 

.00*2028398 

548 

.001824818 

603 

.001658375 

658 

001519757 

494 

.002024291 

549 

.001821494 

604 

.00165.5629 

659 

.001517451 

4 » 

.002020202 

550 

.001818182 

605 

.0016.52893 

660 

.001515152 
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Table of Reciprocal* of Number*.— {Continued.) See p. 52. 


No. 

Reciprocal. 

No. 

Reciprocal 

No. 

Reciprocal. 

No. 

Reciprocal 

661 

.001512859 

716 1 

.001396618 

771 

.001297017 

826 

.001210654 

562 

.001510574 

717 : 

.001394700 

772 

.0012953.17 

827 

.001209190 

m 

.001508296 

718 1 

.(Xtl 392758 

773 j 

.001293661 

828 

.001207729 

664 

.001506024 

719 1 

.001390521 


.001291990 

829 

.001206278 

665 

; .001503759 

720 

.001388889 

775 

.00129032;'. 

| 830 

.001204819 

666 

i .001501502 i 

721 : 

00]386963 

776 

.001288660 

8:11 

.001203369 

667 

1 .001499250 

722 

.001385042 

777 

.001287001 

832 

.001201923 

668 

1 .001497006 

723 

.IK)1383126 

1 778 

.(KH285347 

833 

.0012(X>480 

669 

1 001494768 

724 

(KI1381215 

779 

.(K>1283697 

m 

.(X)l 199041 

670 

, 001492537 

725 

.(K)1379310 

780 

.001282051 

835 

.001197605 

671 

.001490313 

726 

.001377410 

781 ' 

.001280410 

836 

.(K)l 196172 

672 

.001488095 

727 

.0013*5516 

782 

.001278772 

837 

.001194743 

673 

.00148.5884 

728 ; 

.00137:1626 I 

783 

.(XU277139 

838 

.00119:1317 

674 

.00148:1680 

729 : 

.001:471712 1 

7W 

.(XU 275.510 

839 

.001191895 

675 

.001481481 

7:30 

.001369863 . 

785 1 

.001273885 

WO 

.001190476 

676 

.001479290 

731 

001367989 

786 ' 

.001272265 

841 

.001189061 

677 

.001477105 

732 : 

.001:366120 

787 

.001270648 

842 

.(X) 1187648 

678 

.001474926 

733 

.(>01364256 

788 

.00126,9036 

843 

(X)ll 86240 

67‘- 

.001472754 

7!34 

001362398 

789 

.001267427 

844 

.001184834 

680 

.001470588 

735 

.081360544 

79U 

.001265823 

845 

001183432 

681 

001468429 

736 

1 0011358696 

791 

001264223 

846 

.001182038 

682 

.001466276 

737 

.001356852 

792 

.001262626 

847 : 

.001180638 

683 

.001464129 

738 

091355014 

793 

.001261034 1 

848 

.0O117'.>245 

684 

.001461988 

739 

.001353180 

794 

.0012.59446 1 

849 

.001177856 

685 

.001459854 ! 

740 

.001351351 

795 

.001257862 

850 

.001176471 

686 

.001457726 

741 

.001349528 

7% 

.001256281 

851 

.001175088 

687 

.001455601 

742 

.001347709 

797 

.001254705 

852 

001173709 

688 

.001453488 

743 

.001345895 

* 798 

.001253133 

853 

.001172383 

689 

.001451379 

744 

.001344086 

799 

.(K)12515f>4 

854 

.001170960 

690 

.001449275 

745 

001342282 

800 

.001250000 

855 

.001169591 

691 

.001447178 

746 ' 

.001340483 

801 

' .001248439 

856 

.001168224 

662 

.001445087 

747 

.001338688 

802 

1 .001246883 1 

857 

.001166861 

693 

.001443001 

748 1 

.001336898 

803 

.001245330 

858 

.001165501 

694 

.001440922 

749 

.001335113 

804 

.001243781 

859 

.001164144 

695 

.001438849 

750 

.001333333 

805 

.001242286 

860 

.001162791 

696 

.001436782 

751 

.001331558 

806 

.001240695 

861 

.001161440 

697 

.0014:34720 

752 

.001329787 

807 1 

.001239157 

862 

.001160093 

698 

.001432665 

753 

.001328021 

808 

.001237624 

863 

.001158749 

699 

.001430615 

754 

.001326260 

809 

.001236094 

864 

.(X)1157407 

700 

.001428571 

755 

.001324503 

810 

.001234568 

865 

.001156069 

701 

.001426534 

756 

.001322751 

811 

.001233046 

866 

.0011547:14 

702 

.001424501 

757 

.001321004 

812 

.001231527 

867 

.001153403 

703 

.001422475 

758 

.001319261 

813 

.001230012 

868 

.001152074 

704 

.001420455 

759 

.001317523 

814 

.001228501 

869 

.0011o0748 

705 

.001418140 

760 

.001315789 

815 

.001226994 

870 

.0011494-25 

706 

.001416431 

761 

.001314060 

816 

.001225490 

871 

.001148106 

707 

.001414427 

762 

.001312336 

817 

.001223990 

872 

.001146789 

708 

.001412429 

763 

.001310616 

818 

.001222494 

873 

.001145476 

709 

.001410137 

764 

.001308901 

819 

.001221001 

874 

.001144165 

710 

.001408451 

765 

.001307190 

820 

.001219512 

875 

.001142857 

711 

.001406470 

766 

.001305483 

821 

.001218027 

876 

.001141568 

712 

.001404494 

767 

.001303781 

822 

.001216545 

877 

.001140251 

713 

.001402525 

768 

.001302083 

823 

.001215067 

878 

.001188952 

714 

, .001400560 

769 

.001300:190 

824 

.001213592 

879 

.001137656 

715 

1 .001398601 

770 

.001298701 

825 

.001212121 

880 

.001136864 
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Table of Reciprocal of Numbers.— {Continued.) See below. 


No. 

’ Rocipioeal 

No. 

Reciprocal. 

No. 

Reciprocal. 

No 

Reciprocal 

881 

■ 00!13507t 

911 

.001097695 

!41 

.(KM(MV269«) 

971 

.(MM029866 

882 

.0011X1787 

912 

.(Mil 096491 

942 

.001061571 

972 

.(KM028807 

883 

.001132508 

913 

0<M 095290 

913 

.001000445 

973 

.IKM027749 

884 

.001131222 

911 

.(MM 091092 

911 

.(KM 059322 

974 

.(JOlO2(‘)094 

885 

.001129-1 tl 

915 

.001092890 

915 

.0010. >8201 

975 

.001025041 

880 

, .001128668 

916 

.(KM (MM 703 ; 

916 

.ooiiraisa 

976 

.001021590 

887 

.001127396 

917 

.(MM(MK»513 

917 

.0010559* ,0 

977 

.(MM023541 

m 

. .0011 >() 126 

918 

.(KM 089325 

948 

.0010518.52 

978 

.(KH022495 

889 

.0011218.59 

919 

.(KM 088189 

949, 

.(KM053711 

979 

.(KM 021150 

890 

! .001123590 

920 

.(KM086957 

950 , 

.0010.)2t)82 

980 

.(MM020408 

801 

1 .0011223::! 

921 

.(KM08577G 

951 

.(MM051525 

981 

.001019368 

892 

! .001121076 

922 

(MM08I599 

952 

.(KM0KI120 

982 

.001018330 

893 

.(KM 119821 

928 

.(KM08.M21 

955 

.(KM 019818 

983 

.(KM 017294 

894 

.00111851.8 

921 

(KM082251 

951 

.(KM0483IS 

'.181 

.(KMIM6260 

895 

i .(KM 117318 

925 

.(HM08I081 

955 

.(K)1(M7120 

985 

.(KM015228 

8% 

.(KM 111)071 

926 

(KM 07991 1 

956 

.001046025 

986 

.(MM014199 

897 

.(MM 111827 

927 

.(KM078719 

957 

.(KM 011982 

987 

.001013171 

898 

00111.1586 

928 

.(KM 077581) 

,158 

(KM013M1 

9,88 

.(K11012140 

899 

.(KM I12:V17 

929 

.001076! 20 

959 

.IK M< 112753 

989 

.001011122 

9<K) 

.001111111 

950 

.001075209 

m, 

.00101 H)t.7 

9JH) 

.001010101 

901 , 

.(MM 109878 

931 

.0111071111 

901 

.001040583 

991 

.001009082 

902 

.001108647 

98.2 

.001072901 

962 

(KM 08,95 M 

992 

.iHM<x)snor> 

908 

.(MM 107120 

983 

.001071811 

9(>8 

.0010 58122 

993 

.(KM 0O7049 

901 

.(MMKMM95 

931 

.001070601 

961 

.(MM( 19,7311 

994 

.00KKKj0:3T» 

901) 

.001101972 

985 

.(KM069519 

965 

.0011130209 

995 , 

.0010l)5()23 

906 

.(MtiKmrgi 

, 936 

001068876 

906 

.(KM 095197 

996 1 

.001001016 

907 : 

.(MM 102536 

1 987 

.(KM 007236 

| 9».7 

.001081126 

997 ■ 

.OOIOO.MMK) 

908 

.001101322 

! 908 

.00100009* 

90S 

(NM0330>8 

998 

.(KM(K)2(K)4 

909 

.(MMlOOllO 

989 

.IK MOO 1908 

!M)9 

IKM08I992 

999 

.001001001 

910 

.(MH09.S1MM 

910 

(KM(K‘).WM) 

970 

(XM03092S 

KKK) 

.(KH(KKMMM) 


RKflPItOfALK. 


(a) The reciprocal of a number is the quantity obtained by divid¬ 
ing unity or 1 by that number. Iu other words, if w lie any number, then 

Reeip n — ^ . Thus, ltccnp 40 — ~ = 0 025, Redp 0 4 = ^ = 2.5, etc, etc. 

Hence, Reeip *! — ^. because Reeip ? =1= ? = 1X 6 = - 6 -. 

o a ' k b a a 

Thus, since 1 yard — 36 inches, I inch - ^ yard = 02777777H yard, for Reeip 
36 =• .027777778. Again, l toot liead of water give'' a pressure of .4333 lbs. pci 
square inch. Hence a pressure oi 1 lb per square inch corresponds to a head 

of ' 4g . { . feet -- 2306805 feet, for Reeip .4335 = 2.:{OC»8iX5. (See h, below'.) 

(b) It follows that if any number in the column headed “No.” be taken as 
the denominator of a common fraction whose numerator is I, the corresponding 
reciprocal is the value of that fraction expressed in decimals * Thus, = 03125. 
Hence, to reduce a common fraction to decimal form." multiply 
the reciprocal of the denominator by the numerator. Thus, | = .53125, because 
Reeip 32 - 03125, and 03125 \ 17 * .53125. 

(«i Conversely, if the reciprocal of a number n he taken asa number, then the 

number n itself becomes the reciprocal. In oilier words, Reeip 1 = n. Thus, 
Reeip 0.025 = Reeip ^ = 40; Reeip 2 5 — Reeip ^ = 0.4, etc, etc 

* numlicrs 2 ami 5, and their powers and products, are the only ones whose 
reciprocals can be exactly expressed in decimals. 
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(d) The product of any munlier by it» own reciprocal la equal to unity or Is 

Dr,»xX'-l. 

, 1 fl 

(e) Any number, «X Hei ip of a immlier, n - «\ w M • 

Hence, to avoid the labor of dividing, we may multiplj/ hv the redp* 
reco/ ol the dit isor Thus, . * v 

200-i-4s7.>(l --200 • Kecip 4875(1 =-*2<M» • 00002051 *28 .'(mh-Ii, below) 004102.%!.... 

(f) Any number, </-- Kecip of a numWt, n u ~ n 1 «"• 


Hence 


a - Kecip n u + 1 — a X 


Tbu« Uedps or> . amJ 4 "- ! ' 

(e) The numbers in the foregoing table e\teinl liom 1 to 1 %", but the recip¬ 
rocals of imiltipleN of lliewe numbers b> 10 may Ik* taken fiom the 
table bv adding one cipher to the lelt ol the reriptocal (alter the decimal point) 
for each cipher added to the immlier Tims, 

Kecip .{'«* - nu£ffl|!<in. 

Kecip 3900 0002564103; 

Heeip 39000 = 0(8)02364103; 

and the reciprocal** of number* containing; decimal* may he taken 
from the table by shitting the decimal point in the tabular reciprocal one place 
to the right lor each decimal place in the number. Tims. 

Heeip 227 JI0Uli r >286; 

Heeip 22 7 =- .01405286; 

Heeip 2.27 = .440.72%, 

K« cm .227 — 4 405286; 

Kecip .0227 = 44 0.7280. 

(h) The reciprocal of a number of more Ilian three fljfure* may be 
taken from the table approximately by interpolation. Thus, to tmd Kecip ‘..h>.4j 
H eeip 230 -.004227288 
Heeip 227 — .001219409 

I title i cnees- 1, .000017879, 220.4 — 220 = 0.4. 

Then, 0 4 y .00001787!!-' .000007152, 


and 


Kt*eip 220 

minus 


= .004227288 
.000007152 

■= .004220120 by interpolation 


= Kecip 220.4 -- 

The correct reciprocal is .(8)4230118. 

(I; The reciprocals of numbers not in the table fliay he conveniently found 
by means of logarithm*. Thus, to find the Kecip 236.4 = : 

lx>g 1 =0000000 
Subtract Log 236 4 = 2.373047 

*ta>353 -- Log 0.00123012 

KiCip 236.4 - 0.00423012. 

8424 236 4 

T«6udllec>p- 6 - ■« w , 

Log 2% 4 = 2.373047 
Subtract Ix»g 8424 = 3 925518 

"5 448129 = Log 0 0280627. 

w tu'>4 

Kecip ” =0.0280627. 


(1) Position of the decimal point. For the Nos 10,100,1000, etc, 
the number of the decimal place occupied by the first significant figure in the 
reciprocal is equal to the number of ciphns in the No ; but for all other Nos It 
is equal to the number of thedu/i/* in the integral portion of trie No. Thus: 
Kecip 143 7 = <8169 . etc Here the number of digits in the integral portion 
(143)of the No. is3. and the first significant figure (6) of the reciprocal occupies 
the third decimal place 
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squares, cubes, and roots. 


TABLE of Squares, Cubes Square Roots, aud Tube Roots 
of Numbers from 1 to 1000 — (Continum. ) 


Ho. 

Square. 

Cube. 

8q. Bt. 

c.to. 

No 

Square. 

Cube. 

8q. St. 

C.B*. 

121 

14611 

177 III. 1 

II. 

4.9+61 

186 

3*596 

6*3*8,76 

13 6182 

5.7083 

122 

1+hM 

1817848 

11 0451 

4.9597 

187 

.3*969 

6539203 



123 

15129 

]HMI%7 

11 090) 

4.9732 

188 

35.34* 

064+672 

13.7113 


124 

15.176 

190662+ 

11 13j5 

+ 98(81 

189 

35721 

6754269 



125 

15625 

1953125 

11.1803 

5. 

190 

30100 

6859000 

13.7840 

5 7189 

126 

15876 

2000176 

11.2250 

6.01.33 

191 

36+81 

696787I 

13 H203 

6 7590 

127 

16129 

201818.1 

II 269* 

5.0265 

192 

3(1864 

707788;. 

1.4 S56I 

5 7690 

128 

16.184 

2097132 

11.3137 

6.0.197 

193 

, 872*9 

7189037 

1.1 8421 

5 7790 

129 

16611 

2116689 

11 .1578 

5 0528 

19+ 

37636 

7.101.781 

l.t 9284 

6 78yo 

ISO 

16906 

2197000 

11 *018 

5.oi,; 8 

195 

88025 

7414875 

13.96*2 

6.7989 

1SL 

17161 

2218091 

11.4455 

5 0788 

196 

88*16 

7529536 

14 

6.8088 

132 

17424 

2299968 

11 *89| 

5.091 h 

197 

38809 

70*5.171 

14 0357 

6 8186 

133 

17689 

2.l52fhi7 

11 5.126 

5 1045 

198 

3920+ 

77621192 

14 0712 

5 8285 

13* 

17956 

2*0610+ 

11.77.78 

5 1172 

199 

39601 

7880.799 

14 1067 

5 8.(83 

185 

18225 

2*60.175 

11.6190 

6 1299 

200 

40000 

80001 >00 

14.1*21 

6.8*80 

136 

18496 

231.7156 

11 6619 

5 1*26 

201 

+0*01 

8120601 

14 1774 

5 8578 

137 

18769 

2.771.153 

11 7017 

6 1571 

202 

*081)4 

8212*08 

14 2127 

5 8675 

138 

1904+ 

2628072 

11.7+73 

5 167*. 

201 

41209 

8.165*27 

1+ 2478 

6 8771 

1311 

19121 

268.7619 

11 7898 

5 1NI1 

204 

41616 

8489664 

1+ 2829 

6.HH68 

140 

19600 

274*000 

11 8522 

5.192.7 

205 

42027 

8615125 

14.3178 

6.8964 

141 

19881 

2801221 

11.87*3 

5 20*8 

'206 

42436 

97*1816 

14.3527 

5.9059 

142 

20164 

2.86.1288 

11.9161 

5 2171 

207 

42849 

886-17+3 

14.3875 

6.9155 

143 

20149 

292*207 

11 9583 

6.2293 

208 

4.126* 

8498912 

14 42'22 

6.9250 

14* 

207.16 

293.7984 

12 

5.2415 

209 

43681 

9129329 

1* 4568 

6.9345 

143 

21025 

3048625 

12.0*16 

5.2530 

210 

*+100 

9261000 

14.491* 

6.9439 

146 

21316 

3112136 

12.0830 

5.2656 

211 

44521 

9393931 

1* 5258 

6.9533 

147 

21609 

•II76..2.1 

12 12*4 

6.2776 

212 

*49+4 

9528128 

14.5602 

■5.9627 

148 

21904 

3211792 

12.1655 

5.2896 

213 

45309 

91871:797 

14 5945 

5 9721 

149 

22201 

3107949 

12 -206(1 

5 3015 

214 

45796 

9.8003*4 

1+ 6287 

6.981* 

150 

22500 

3.175000 

12 2*74 

5.3133 

216 

46225 

99.18375 

14.6629 

5.9907 

151 

22H01 

344-2951 

12.288-2 

56251 

216 

46656 

10077696 

1* 6969 

6 

152 

2.1191 

3'11803 

12.3288 

f> 331.8 


47089 

10218.113 

1+ 7309 

6.0092 

153 

2,1109 

.1.841.777 

12.3693 

5.3*85 

218 

4752+ 

10360232 

1+ 7648 

6 0186 

15* 

2.1716 

9.5226+ 

12 4(817 

6 3601 


+7961 

l0.70.M59 

14.7986 

6.0277 

155 

2*025 

372W75 

12.1199 

5.3717 

220 

48400 

10648000 

14 832* 

6.0368 

156 

2*336 

3796116 

12.4900 

5.38.32 

221 

48841 

10793861 

1+.8661 

6.0*59 

157 

24M9 

-186989.1 

12.5100 

6.1917 


49284 

10941018 

1+ 8997 

6.0550 

158 

2*964 

1911.112 

12 5698 

5.419,1 

223 

49729 

11089567 

14 9332 

6 0641 

169 

25281 

40l%79 

12 6095 

6.4175 


.70176 

H'2.19424 

14,9666 

6.0732 

160 

25600 

*096000 

12 6491 

6.4288 

225 

50625 

11.190625 

15. 

6.0822 

161 

25921 

4173281 

12 6886 

5.4+01 

226 

51076 

11543176 

15 0333 

6.0912 

162 

262+4 

4251528 

12 7279 

5*51* 

227 

51529 

116970.83 

15 0666 

6.1002 

161 

26569 

+.4307+7 

12 7671 

6 4626 

228 

61984 

11852352 

15.0997 

6.1091 

16* 

26896 

4*101)4* 

12 8062 

5 4737 

229 

62*41 

12008989 

15 1327 

6.1180 

165 

27225 

4*92125 

12.8*52 

6.4848 

230 

5-2900 

12167000 

15.1658 

6.1269 

166 

27556 

457*296 

12 88*1 

5.4959 

231 

53361 

12326391 

15 1987 


Ml 

27889 

*657*6,1 

1 '2 9-»28 

5.7069 


53824 

12187168 

15 2315 


168 

2822* 

4741632 

12 9615 

5 5178 

233 

5*289 

12649337 

15.2643 


169 

2.8561 

48-26809 

13, 

5.5288 


54756 

12812904 

15 2971 


170 

28990 

*913000 

13 0384 

5.5397 

235 

55225 

12977875 

15.3297 

6.1710 

in 

292*1 

17000-211 

1.3 076T 

5.5505 

236 

55696 

131**256 

15 3623 

6.1797 

172 

2958+ 

5088148 

13 11+9 

5.561.1 

237 

56169 

1.1312053 

15 3948 

6 1885 

173 

299'29 

5177717 

1.1 1529 

5 5721 

238 

566*+ 

13481272 

15 4272 

6.1972 

17+ 

30276 

626802+ 

1.1 1909 

5 7828 

239 

57121 

141651919 

15 +596 

6.2058 

175 

30625 

5.159.175 

1.1.2288 

5.793* 

210 

57(100 

1382+000 

15.4919 

6.21+5 

176 

30976 

5*51776 

13 2665 

6 60*1 

241 

68081 

13997521 

15.5242 

6.2231 

177 

313-29 

5.7+.723S 

1.1..1041 

5.6147 

2*2 

58,56+ 

11172*88 

15.5563 

6.2317 

178 

3168* 

56397.72 

1.1 .1417 

5 6252 

2+3 

590*9 

14348907 

15 5885 

6.2403 

17* 

320*1 

57333.49 

13.1791 

6 6357 

244 

595.36 

14.7-26-81 

15.6205 

6.2488 

180 

32400 

5832000 

13.416* 

5.6*62 

2+5 

60025 

14706125 

15 6525 

6.2573 

181 

32761 

59297+1 

13 +536 

5.6567 

2*6 

60516 

14886936 

15 684* 

6.2658 

182 

3312+ 

6028368 

13 4907 

5.6671 

2*7 

61009 

15069223 

15.7162 

6.2743 

183 

33489 

6128*87 

13.5277 

5.6774 

2*8 

6150* 

15252992 

15 7+80 

6.1828 

184 

33856 

622950* 

13.56*7 

5 6877 

2 +e 

62001 

15438249 

15 7797 

6.291* 

185 

H4225 

6331625 

13.6015 

5.6980 

250 

62500 

15625000 

15.8114 

6.29M 
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TABLE of Bqnarea, Cube*, Sqnare Root*, and Cube Roota, 
of Number* from 1 to 1000 —(Contin ru>) 


No. 

Square. 

Cube. 

8q. Rt. 

C. Rt 

No. 

Square. 

Cube. 

Sq Rt. 

C. Rt. 


OlUll 

1.613231 

1 i s 130 


316 

99X ,t, 

51 i.514% 

17 7764 

4. M13 


61304 

1 (ilKI.UK 16 

1. X7I5 

0 114,1 

317 

lIHIIX!) 

31X.I.XII t 

17.8045 

li X1H.5 


1)400*1 

10194277 

1 , 'MHKI 

0 1247 

Ills 

101124 

.121374 (2 

17 83211 

6 *2.56 


01311. 

llxlX7(H.4 

1.9174 

o 'i;t :(> 

319 

1)1171.1 

3 2 41.17..!) 

17 8606 

1) X.1'28 

23 5 

03025 

HmH1375 

1.7 %x7 

0 1413 

320 

102400 

.IJitVKKX) 

17 X8x3 

6 8099 


Ii.Vi.I6 

10777216 

16 

6 14% 

121 

10104! 

33076161 

17 9163 

6 XI70 


(WHO 

10<I74..0.I 

10 0112 


322 

MUM) 

333X621K 

17 9141 

6 h.341 



17173312 

11. IH.24 

0 U.1,1 

523 

104.129 

35119X267 

17 9722 

6 8612 



1737.1979 

10 003,. 

0 3715 

324 

104976 

34012224 

lx 

6 84.83 

21)0 

0. too 

1757COOO 

10 1245 

0 )S25 

325 

1054.2.. 

34.12X12.) 

lx 027H 

6 8753 


6S121 

177797X1 

10 17.73 

0 1907 

326 

104.276 

34645976 

18 0.55 

6 8824 


0X044 

170s472X 

It. Ixi.l 

4. 1 *xx 

327 

104.92*1 


18 08)1 

6 8894 


00160 

16191147 

10 .173 

0 4070 

32H 

107 >XI 

3.2X7 >5 2 

lx 1 |(IH 

6 H%4 


OilliOO 

1 s 1**9711 

10 21X1 

0 1161 


10X241 

is,112x9 

ix rixi 

6 9034 

26 > 

70223 

1X60962.7 

10 27XX 

0 1252 

310 

108900 

5395.411 N) 

18 IU.>9 

6 9104 


70736 

IxX'IODC 

16 1093 

0 4112 

311 

1095411 

3624,4691 

18 19)4 

6 9174 


71 2x0 

19051103 

It. Illli 

0 4 )9 t 

.312 

110221 

:I0,39456H 

IK 2209 

11 9244 


71621 

I'»21'x52 

10 .707 

0 447 i 

311 

110X89 

36921X117 

is 21K.I 

6 9318 


72 tol 

1040.109 

10 4012 


314 

111054. 

37239701 

1M 2757 

6 9382 

270 

72900 

1'H.MIHK) 

10 4317 

6 44xt 1 

335 

11222.. 

37395.173 

IH 3030 

b 9457 


73141 

19*102711 

Ih 4621 

0 4713 

3,36 

1128% 

371)31054. 

18 3.103 

6 9521 


7.1*161 

20129. IX 

Ili 4*124 

4. 47*12 

337 

113,9.9 

3x2727.il 

1X3571. 

6 9589 


713214 

20.10117 


0 4872 

33X 

111-241 

3 Hl.l 4472 

IX .1X48 

6 9658 


7 >076 

20 .70624 

Ih >.29 

6 1931 

339 

114921 

5X93X219 

18 4131 

6 9T27 

275 

7 >023 

20796H75 

10 |X.(1 

6 5030 

340 

11 >000 

.IH.IOIIHHI 

18 4391 

6 9795 

276 

741176 

211)24376 

16 0152 

6 5I4IX 

311 

114,2X1 

396.1X21 

IX 4(162 

6 9X64 



212.30H 

10 0111 


312 

114,91.1 

I'HKlll.XH 

lx 19,12 

6 993* 



214X4932 

II. 07,13 

0 >2Im 

515 

1 171.19 

40131607 

18 5203 

7 

■m 

77S41 

21717019 

10 711)1 

4.5111 

344 

JIM 16 

40107.5H4 

1X3172 

7 0068 

2X0 

7X400 

219.72000 

10 7 152 

6 5421 

515 

119023 

4101x1623 

IX 5742 

7 0136 

•>i 

7h«m,i 

22IXMOII 

II. 763l 

f, 3499 

540 

119716 

41121716 

IK 6011 

7 1)208 

282 

7*1.24 

2212.77M 

11, 7929 


347 

12IUI8I 

417x1923 

lxi,27y 

7 0271 

2X3 

si KISH 

2264m 1X7 

10 X220 

4, 34.54 

MIX 

121104 

42111192 

lx 6..4H 

7 (13.38 


XI1076 

22900.101 

10 X.,21 

6 3751 

349 

121X1)1 

42.50h.i49 

lx f,815 

7 0406 

285 

XI223 

21119125 

II. XHltf 

b 5XIIH 

350 

122,00 

42873000 

Ih 7083 

7.0473 

286 

XI7H0 

2119.1636 

10 9115 

f, 5HX7 

351 

123201 

43243551 

18 7350 

7 0540 

2X7 

82.169 

21619905 

10 9111 

4. 594.2 

5,>'2 

125901 


1x7617 

7 0607 

2HX 

X2944 

21X87X72 

10 *17(8, 

4, (HH9 

353 

12148)9 


18 7883 

7.0674 

2«0 

x.r.21 

241 17569 


4,6115 

354 

125510 


18 8149 

7.0740 

200 

x| 100 

24.IH.9OO0 

7.0294 

6 0191 

3j5 

126023 

44738X73 

1XKU4 

7.0807 

291 

xl6nl 

214.42171 

17 0.7x7 

6 0-267 

336 

126736 

4511X016 

18 868(1 

7 0873 

202 

x.i264 

21607066 



357 

1 27419 


IX 8944 

7 0940 

29.1 

x .64** 

27134757 

7 1172 

0 Ml') 


12s 1414 

4:01X2712 

IX 9209 

7 1006 

201 

KOI 10 

2.4121X4 

17 1404 


359 

1 ,'SSS| 

4626827') 

IK 9473 

7 1072 

205 

x702.. 

25072173 

17 17.76 

C 6.509 

5o0 

1 296011 

466.56000 

18 9737 

7 1138 

200 

X76I6 

2.9343345 

17 2047 


34,1 

130)21 

47043X81 

19. 

7 1204 

2117 

6X200 

■2619X073 

17 2 >57 

6 0719 


1 (1014 

474 1792X 

19 026.1 

7 1269 

20s 

sown 

2I.101.VI2 

17 9,27 



I 11769 

47X12147 

19 03-26 

7.13.35 

200 

X040I 

20730X09 

1 . 2910 

0 6X09 

31.4 

1 124*16 

4X22X.M4 

19.II7XX 

7 1400 

500 

'.KHRW 

2704)0000 

17 520j 

0 094 ( 

5(m 

11)225 

4H627123 

19.1050 

7 1466 

301 

1*048*1 

27270*8)1 

17 1494 

0 70|x 

366 

1 13*156 

49027896 

19 1311 

7.1531 

302 

01 '204 

27 74 loox 

17 1761 


.9,7 

1 III.X9 

491 MIH6.1 

19 1572 

7.1596 

30.1 

01x00 

27-.6127 

17 4iH.il 


308 

1 i.124 

49X16012 

19 1831 

7 1061 

304 

02410 

2X094464 

17 4 534. 

6 7240 

.369 

134.161 

502434(8) 

19 2094 

7 1726 

Wo 


2X372625 

17 44112 

6.7313 

370 

1.3094)0 

506.5.1000 

19 2-154 

7.1791 

106 

93836 

2X652616 

17 4929 

6.7387 

871 

137641 

51064811 

19 2614 



94249 

2X93444.1 

11 3214 

fi 7 464) 

312 

13K.IH4 

51478848 

19 2873 


SOS 

9481-4 

29-218112 

17 3499 

6 7533 

373 

139129 

51895117 

19 3182 


soy 

9.54X1 

29MI3629 

17.57X4 

4. 71,06 

874 

139876 

52313624 

19 3391 


810 

96100 

29791000 

17 04149) 

6.7b79 

375. 

140625 

52734375 

19 3649 

7.2112 

811 

96721 

30080231 

17.6352 

6.7752 

S76 

141376 

53157876 

19.3907 


812 

97344 

30371328 

17 6635 

6.7824 

877 

142129 

51582633 

19.4165 


813 

97969 

30664297 

17 6918 

6.7897 

378 

142H84 

54010152 



811 

985% 

30959144 

17.7200 

6.7969 

379 

143641 

54439939 



815 

99225 

31255875 

17.7482 

6.8041 

380 

144400 

54872000 

19.4936 

7.243* 
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SQUARES* CUBES. AND ROOTS. 


TABLE of Squares, Cubes, Sqnare Roots, and Cube Roots, 
of SnmberN from 1 to 1000— (Continued.) 


No. 

1 

Square. 

Cube. 

8q. Rt. 

C. Hfc 

No. 

Square. 

Cube. 

Sq. Ht. i 

C. Rt. 

381 

145161 

5VI003U 

10 5192 1 

7 2495 

416 

198916 

8871ft 1.56 1 

21 1187 

7 6103 

382 

145924 

5574.W.8 

19.5448 

7 255H 

417 

199809 

8931462.5 

21 1424 

7 6160 

SKI 

14(9189 

56181887 

19 574)4 

7 2622 

418 

200704 

899155592 

21.1660 

7 1*517 

384 

147456 

56624101 

19 5959 

7.2685 

419 

201601 

%518K4‘I 

21 1896 

7 6574 

385 

148225 

57066625 

19 6214 

7.2748 

450 

202500 

91125000 

21 21533 

7 6631 

886 

14 8'816 

57512156 

19 6469 

7 2911 

451 

203401 

91733851 

21 2368 

7 66hs 

387 

149769 

57!H>0601 

19 6723 

7 2874 

452 

2011(14 

92.5 55 508 

21 2603 

7 6744 

388 

150544 

58411072 

19 6977 

7 2936 

451 

205209 

92959677 

21 28558 

7 6801 

389 

15I32I 

58861809 

19.72:11 

7 2999 

454 

200116 

91576664 

21 30753 

7 6857 

m 

152100 

59319000 

19 7484 

7 3061 

4w 

207025 

91196375 

21 3307 

7.6914 

391 

152881 

59770171 

19 7737 

7 .1124 

456 

207936 

94818816 

21 3542 

7 6070 

m 

153664 

60210288 

19 7990 

7 1(18(1 

4 '.7 

■208819 

9 *44399.5 

21 (776 

7 7026 

393 

154449 

60698457 

19 8212 

7.3248 


209764 

96071912 

21 1009 

7 7082 

391 

1552.16 

6I1029HI 

19 Km 

7 .7.110 

459 

210681 

96702579 

21 1243 

7 7118 

395 

156025 

61629875 

19 8746 

7.3372 

460 

211600 

97336(KM) 

21 4476 

7 7194 

396 

156816 

62099136 

19 H997 

7 7134 

461 

212521 

97972181 

21 4709 

7 7250 

397 

157(219 

62570773 

19 9249 

7 1196 

462 

•213141 

0%11128 

21 4942 

7 7 106 

398 

158401 

6 1014 792 

19.9190 

7.3558 

463 1 

214369 

99252b47 

21 j174 

7 7 162 

39!) 

159201 

63521199 

19 9750 

7 3619 

414 

215296 

90897311 

21 6107 

7 7418 

40(1 

160000 

OIIXKHHHI 

20. 

7.3681 

465 

210225 

100544625 

21 5639 

7.7473 

401 

160801 

64481201 

20 0250 

7 3742 

466 

217156 

101191696 

21 5870 

7 7529 

402 

K.ltiOl 

01901808 

20 om 

7.380.1 

467 

218089 

101817565! 1 

21 6102 

7 7584 

40.3 

162109 

65450827 

2(1 0749 

7.3864 

468 

215)024 

10251W2J2 

21 65533 

7 76559 

404 

102210 

659392(11 

20 188(8 

7.3925 

469 

219961 

III tl(>| 709 

; 21 6564 

7 7695 

405 

161025 

604'10125 

2(1 1246 

7 7981, ; 

470 

2-20900 

ll)3H2.(OO0 

21 6795 

7 7750 

406 

1648.36 

60923110 

20 1194 

7 4017 

471 

221841 | 

1041871ll! 

21.7025 j 

1 7 7805 

407 

165619 

67419143 

20 1742 

7.1108 


222784 

105154048 

21.72(6 

7 7860 

408 

166164 

67917312 

20.199(1 

7.416!) 


225729 1 

1(158255817! 

•21.7486 | 

7 7915 

409 

167281 

69417029 

20 2237 

7 1229 

474 

2241.76 

1064901 >4 

21 7715 

i 7 7970* 

410 

168100 

68921000 

20 2485 

7 4290 

475 

225025 

107171875 

21.7945 

7.8023 

411 

168921 

69126531 

20 2731 

7 4350 

476 

220576 

107850176 

21 8174 

7 8079 

419 

169744 

699 14528 

20 2978 

7.4110 

477 

227.529 

108531.333 

21 8403 

7.8134 

413 

170569 

70444997 • 

20 .3224 

7.4470 j 

478 , 

228184 

1()')2155152 

21 86552 

7 8188 

414 

1713% 

70957944 

2(1 3170 

7.4530 

479 

229541 

1099(12249' 

21 8861 

7 8243 

415 

172225 

7147.3375 | 

20 3715 

7.4090 

480 

2550400 

1105920(H); 

21 9089 

7 8297 

416 

mo58 

71994296 

20 .3961 

7 46.50 

481 | 

231361 

111281611 

21 9317 

7 8352 

417 

173889 


20 1206 

7 4710 

48-2 

232324 

111080168 

21 9545 

7 8406 

418 

174724 

71014032 . 

20.44>0 

7.4770 

483 

•2513289 ; 

112678587 

21.9773 

7 8460 

419 

175561 

7.(560059 

20 4695 

7.4829 

481 

211256 , 

11 5I71XHII 

22. 

7.8514 

420 

176400 

74088000 

20.4939 

7.4889 

485 | 

23.(225 

114084125 

22.0227 

7.8568 

421 

177241 

74018461 

20 5183 

7 4948 

486 

236196 

11 1791256 

22 0454 

7.8622 

422 

178084 

75151448 

20 5126 

7.5007 

4'7 

237169 

115501303 

22 0681 

7 8676 

423 

1789-29 

75686967 

20 5670 

7.5067 

4HH 

238144 

116214272 

22 0907 

7.8730 

424 

179776 

76225024 

20.5913 

7 5126 

489 

239121 

11(50301 69 

22 1133 

7 8784 

425 

180625 

76765625 

20.6155 

7.5185 

490 

240100 

117649000 

22 1359 

7.8837 

426 

191476 

77308776 

20 6399 

7.5244 

491 

241081 

! 118.770771 

22 1585 

7.8891 

427 

182.129 

778.54483 

2(1 (161(1 

7.5302 

492 

242064 

1 119095488' 22 1811 

7 8944 

428 | 

183184 

78402752 

20 6882 

7.5361 

403 i 

243019 

119825)157 

1 22 2036 ■ 

7.8998 

429 ! 

184041 

78953589 

20 7123 

7 5420 

494 I 

2440.36 

12055.5784 

22 2261 1 


430 | 

184900 

79507000 ; 

20.7364 

7 5478 

495 

245025 | 

121287375] 

22.2486 


431 

185761 

8006-2901 

20.7605 

7 5537 

496 

246016 

122023936 

22.2711 

7.915ft 

432 

186624 

80621568 

20 7846 

7.5595 

497 

247009 

122763473 

1 22.29535 

7.9211 

433 

187489 

81182737 

20.8087 

7.5654 

498 

24H004 

1255505992 

1 22.3159 


434 

188356 

81746504 

20.8327 

7.5712 

499 

249001 

12425149S 

1 22.3383 

7.9317 

435 

189225 

82312875 

20.8567 

7.5770 

500 

250000 

12500000C 

1 22.3607 

7.9370 

4S8 

IKSI 

82881856 

20 8806 

7.5828 

501 

251001 

125751501 

22.3830 

7.9423 

437 


83463453 

20.9045 

7.5886 

502 

252004 

]2650600* 

1 22.4054 


438 

191844 

84027672 

20.9284 

7 5944 

503 

2555009 

127263521 

r 22.4277 


439 

19272L 

84604519 

20.9523 

7.6001 

504 

254016 

128024064 

l 22 4499 

7-9581 

440 

193600 

85184000 

20.9762 

7.6059 

503 

255025 

128787625 

i 22.4722 


441 

194481 

85766111 

21. 

7.6117 

506 

256036 

12955421f 

5 22.4944 

7.968* 


195364 

86.150888 

21.0238 

7.6174 

507 

25T049 

130323841 

1 22.5167 


443 

196249 

86938307 

21.0476 

7.6232 

508 

258064 

iehess 

M3 

7.9791 

444 

197138 

87528384 

21.0713 

7.6289 

309 

259081 


7.9845 

445 

198025 

88121125 

21.0950 

7.6346 

510 

160100 

1 132651000! 22.5832 

7.989* 
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TABLE of Squared, Cubed, Square Root*, and Cube Roots, 
of Number** from 1 to 1000— (Continued) 


No. 

Square. 

Cube. 

Sq Rt. 

C. Rt. 

No. 

Square. 

Cube. 

Sq Rt. 

0. Rt. 


201121 

133+32811 

•22.60V1 

7 9918 

576 

331776 

191102976 

24. 

8 3203 




22 6274 

h 

.<77 

332*129 

192104KU3 

24 0108 



26.3169 

135003697 

22 6195 

8 0052 

578 

3)10*4 

193100552 

24 0+16 





22 6716 

s mm 

579 

335211 

19+104539 



M5 

265225 

1.(6590875 

22 69(6 

8 01j6 

580 

336400 

195112000 

2+.U832 

8.3396 




22 7156 

8 0308 

581 

837561 1 1901229+1 

2+ 1039 

8 3448 




22 7.(76 

« 0260 

582 

3(8724 

197137:168 

21 12+7 

8.3+91 


268.(24 

138991812 

22 7.,'r, 

80(11 


339889 

198155287 

21 115+ 

K.8.VW 


269361 


22 7816 

8 0361 

581 

311056 

1*(9176704 

•2+ 1 (Mil 

h 3.3*7 

520 

270400 

14060.8000 

22 8035 

8.0115 

583 

3+2225 

200201625 

24,1868 


521 

271+41 

141+20761 

22 8251 

8 0166 

586 

3+3 CHI 

201230056 

24.2074 

8.3682 


272+84 

1+22366+6 

22 *'17.1 

8 0517 


3+454,9 

202262003 

2+ 2281 




14:(UV.667 

22 8*.02 

H )).569 

3«8 

8+574+ 

203297172 






22 8910 

8 04)20 

589 

3(6921 

'204336469 

24.2693 

8 3825 

525 

275625 

144703125 

22 9129 

8(8.71 

590 

3+8100 

2(15379000 

24 2899 

8 3H72 




•22 9117 

8 0721 

591 

349-281 

206425071 

24 .3105 

8.3919 

527 

277729 



8 077+ 

592 

35044,4 

20717 )4.88 

24 3311 

8 3967 


273781 


22 97K1 

8 0VJ5 

393 

3516+9 

20\527K>7 

24 3516 

8.4014 





8 0^76 

59 + 

3528,(6 

•2095s|.5h4 

24 3721 

8 4061 

830 

280900 

148877000 

23 0217 

8 0927 

595 

354025 

2 1 04)4 1 875 

24 3926 

8 4108 

Ml 

2H19H1 

149721'291 

23 041( 

8 0978 

596 

355216 

211108734. 

24 4131 

M 4155 


2" 024 

15051,8768 

21 0031 

H 1028 

597 

354,409 

2112774*17:i 

2) 4 136 


553 

'28(089 

151119+37 

23 0*9,8 

8 1079 

598 

357(8)4 

'213847192 

24 +5(0 



285156 


23 l(*x( 

8 11.10 

599 

358801 

•21+92179*1 

24 4745 


555 

286225 

15.1130173 

23.1.101 

8 1180 

oOO 

360000 

21004WOOD 

21.4949 


630 

mm 

151*190656 

21 IM7 

8 12 SI 

601 

361201 

21708184)1 

24 5153 

M.4391 


28836') 


2 S 1731 

8 !2S| 

602 

30210! 

•21811,7208 

24 5357 

8.+4ST 

5.(8 

289l(i 

155720872 

•21 1948 

8 1312 

MM 

3631,09 

219256227 

24 5501 

8 ++8i 

5.(9 

290521 

156.590819 

2t .'16+ 

8 1382 

004 

341+816 

2'20.( 188411 

24 5764 

8.4530 

540 

291600 

15716+1810 

23 2379 

8 14.13 

605 

366023 

221445125 

2+ 5967 

8.457T 


292681 

158110421 

21 2591 

H 1483 

606 

3672.(6 

222545016 

24 6171 

8 4623 

542 

29.1761 

159220088 

21 2809 

8 13)3 

(4+7 

;iom49 

22.'UI4«5+3 

24 6.(71 

8.4670 

543 

2948+9 

160101007 

23 3021 

8 1583 

608 

36966+ 

224755712 

24 6577 

8.4716 


297936 

160989184 

23 (238 

8.1633 

609 

370881 

223866329 

24 6779 


545 

297025 

161878625 

23 3452 

8.1683 

610 

872100 

2'20DM000 

24.6982 

8.4809 

5+6 

. W116 

1627713.(6 

23.3666 

ft 1733 

611 

373:121 

228099131 

2+ 71ft+ 

8.4856 

547 

299209 

163M,732.4 

23 3880 

8 178.1 

612 

3715+4 

22922092H 

2+ 7386 

8.4902 

5+3 

(00.HH 

1615W>5»2 

•2.1 4091 

h 1833 

613 

3757(3* 

230.3 46397 

2+ 7588 

8.4648 

6+9 

(01+01 

11,54691+9 

■23 4.(07 

8 1882 

01 + 

376996 

2:11475544 


8.4994 

650 

.302.100 

166373000 

23 4521 

8 1932 

615 

378225 

2.3260*075 

24.7992 

8.5040 

551 

30(601 

16728(151 

23 1734 

ft 1982 

616 

379+56 

233744896 

24 8195 

8.5009 

552 

.(0170+ 

168196608 

23 +9+7 

8 2031 

617 

384)689 

234885113 

2+ 8395 

8.5182 

553 

305809 

169112.(77 

•23 5160 

8 2081 

618 

3H1924 

'236029032 

24 8596 

8.5178 

56+ 

306916 

170031464 

23 5372 

8.2130 

019 

S8.U61 

237176659 

24.8797 

8.5224 

555 

308)25 

170953873 

23 5584 

8.21 HO 

620 

384+00 

23*328000 

24.8998 

8.5270 

556 

30911(6 

171879616 

23 5797 

8 2229 

621 

385641 

239483061 

2+ 9)99 

8.6316 

557 

310249 

172808693 

23.6008 

8 •2278 

622 

.38688+ 

24064)8+8 

24.9399 

8.5362 

558 

311.364 

1737+1112 

23 6220 

ft 2327 

623 

888129 

241H4M2467 

24.9600 

8.5408 

559 

312+81 

174676879 

23 6432 

8 2=177 

624 

.389376 

2+297062+ 

24.9800 

3.5458 

660 

313600 

175616000 

23 6643 

8.2(26 

625 

390625 

2441+0625 


8.6499 

Ml 

314721 

176538481 

•23 6854 

« 2+75 

026 

391876 

2+531+376 

25.0-200 

8.5644 

frfra 

315844 

17730432* 

23 7065 

8 252+ 

6 n 

393129 

246+918811 


8.5590 

563 

316968 

17845(54i 

23 7'27C 

8 2573 

6'28 

394:18+ 

2+7673152 

25.0599 

8.5689 

m 

318096 

179+06l4i 

23 7+87 

6 2621 

629 


2+8873)1» 

25.0799 

8.5681 

565 

319225 

180.(62125 

23 7697 

8.2670 

630 


2500+7000 

25.0996 

8.5730 

666 

320356 

181321496 

23 7908 

8.2719 

631 

398161 

251239591 

25.1197 

8.5773 

667 

321488 

18228426: 

23,8118 

8.‘2768 

632 

39942+ 

•252+3596» 

25.1396 

8.5817 

666 

32262+ 

183250432 

23.8328 

8.2816 

613 

+00689 

■25:t63613i 

25.1595 

8.5062 

MW 

323761 

184220001 

23.8537 

8.2865 

8.34 

+01956 

25+8,0104 

25.1794 

8.5907 

670 

324900 

185193000 

23.8747 

8.2913 

636 

408225 

•2560+7875 

25.1992 

8.5962 

671 

326041 

186169411 

23.8956 

■WJi 

636 

404496 

‘257259456 

25.2190 

8.5091 

672 

327184 

187149241 

28.9165 


637 

405768 

258+7485: 

25 2380 

8.6043 

673 

328329 

188132611 23.9374 


638 

407044 

259694071 

25.2587 

8.0006 

674 

S29476 

laentu- 

28.9583 


639 

406321 

380917111 

25.2784 

8.010 

176 

330*25 

190100375 ' 33 9792 

8.3155 

640 

409600 

181144000 

25.2982 

8.4111 
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TABLE of Sqnares, Cubes, Square Roots, and Cube Roots, 
of Numbers from 1 to 1000— (Continued.) 


No. 

Square. 

Cube. 

| Sq. Et. 

C. Et. 

No. 

8quare.| 

Cube. 

Sq. Et. 

C. Et. 

641 

410881 

26.U747211 

1 25 3180 

8 6222 

706 

498436 1 

351895816 


8 9043 

W2 

412164 

2(U609' l 88j 

2j 3377 

S.6267 

707 

499849 ! 

353393243 

26 5895 

8 9085 

64:i 

413449 

2(.7M7707 

25.3574 

8 6.112 

708 

5012h4 

3:4894912 

26.6083 

8.9127 

644 

4117.16 

2670N'»984 

25 4772 

8 63.57 

7(81 

50268! 1 

3..(.4(H)H29 

26 6271 

8 9169 

645 

4IHI2j 

268.1 Mil 25 

25 :t!H.9 

8 6101 

710 

504100 ! 

357911000 

26 6458 

8 9211 

64(1 

417316 

2fi95Hbnf. 

25 4165 

8 6446 

711 

505521 | 

359425431 

26 6646 

8 9253 

647 

418(319 

270810021 

2.1 4.162 

8 6190 

712 

506914 1 

360944128 

24. KKI3 

8 9295 

618 

419904 

272097792 

25.4558 

8 6535 

711 

,508369 | 

362467097 

26 7021 

8 9137 

649 

421201 

27 1359149 

25.4755 

8 (m79 

711 

509796 

363994344 

26 7208 

8.9378 

650 

4225481 

2711.25000 

25.4951 

8 W.21 

715 

611225 1 

865525875 

26 7395 

8 9420 

651 

423801 

275894451 

25.5147 

8 liMiH 

716 

612656 1 

367061696 

26 7582 

8 9462 

652 

425104 

277167808 

25 5.141! 

8 6711 

717 

514089 

31.8601813 

21. 7769 

8 9503 

658 

426109 

27844-8177 

25 5539 

8 4,757 

118 

515524 I 

370146232 

26 7955 

8 9545 

651 

427716 

279726264 

25 5731 

8 690! 

719 

5!6%1 

! 371694959 

26 8142 

8 9587 

too 

429025 

281011375; 

25.5930 

8 6845 

720 

5184(H) 

1 875248000 

26 8,128 

1 8 W2K 

656 

430336 

282300416 

25 6125 

8 68.90 

7*21 

619811 

! 371805361 

26 8514 

8 9670 

65T 

431649 

283593393; 

25 6320 

8 (.9.14 

722 

621281 ! 

37(^167048, 

26 8701 

8 9711 

658 

432964 

28I8'tO (12i 

25 6.115 

8 6978 


522729 

377933067 

21. 8887 

8 975? 

659 

4342HI 

286191)79 

25 6710 

8 7022 | 

724 

521176 

379503424 

tlh 9072 

8 9794 

6flfl 

4.15600 

28749(8X10 

25.690.5 

! 8 7060 

725 1 

6251.25 

, 381078125 

26.92.>8 

8 9835 

661 

4'16921 

288804781 

25 70*64 

8 7110 

726 

527076 

' 382057176 

26 9444 

8 9876 

662 

4.W244 

290117528 

25.7291 

8 7154 

727 

528529 

384240583 

26 9629 

8.9918 

063 

4 19769 

291434247 

25 748(, 

y 7198 

728 

529984 

385828352 

26 9815 

8 9959 

664 

4 1089(1 

292754944 

25.7682 

8 7211 

729 

5111141 

387420489 

27. 

9 

665 

442225 

291079625 

23 7876 

8.7285 

7(0 

532900 

389017000 

27 0185 

9 0041 

666 

44.(556 

295408296 

25 8070 

! 8 71129 1 

731 

534361 

1 390617891 

27 0370 1 

| 9 0082 

667 

4II8H9 

29674096.1 

25 K'2U 

8 71173 i 

712 

1 535824 

, 392223168 

27 0555 

1 H0123 

668 

446224 

298077(812 

25.H4.57 

8 "till 

733 i 

637289 

391832837 

27 0740 

9 0164 

669 

4475111 

299118309 

25 8(k5(I 

8 7460 


538756 

1 395446901 

27 0921 , 

9 0205 

670 

44890(1 

300763000! 

25 8841 

8 7503 

“■ i 

640225 , 

1 3970653751 

27.1109 | 

9 0246 

671 

4.0241 

1.02111711 

25 90117 

8 7.517 

™! 

641696 ! 

398»WK256| 

27 1 293 

9.0287 

672 

451584 

31U464448! 

25.9230 

8 7590 

73V 

543169 

400515553I 

27 1477 

9.0328 

673 

i 452929 

3048212171 

, 25.9422 

8 7634 

7.W I 

544614 

401947272 

*27.1662 ' 

9 01369 

“74 

454276 

3061H20V4 

259615 

8 "677 


546121 

j 403583419 

27 181b 

9 0410 

675 

455026 

307546875 

25.9808 

8 7721 

740 

647WX) 

! 405224000 

27.2029 

9 0450 

676 

456076 

308915776 

26 

8 7764 

741 

5-19081 

I 406869021 

27 2213 

9 0491 

677 

458.129 

,3102887163 

26 Oil).' 

8 7807 

742 

550564 

; 408518488 

27.2397 

9.0532 

678 

459684 

.311665752 

26.0384 

8 7850 

743 

552049 

410172407 

27 *2580 

9 0572 

679 

461011 

3130168.(9 

26 0576 

8 7893 

744 

553536 

| 411KI07H4 

27 2764 

9 0613 

680 

462400 

314432000 

26.0768 

8.7937 

745 

555025 

| 41349.362.-, 

27 2947 

9.0654 

681 

463761 

315821241 

26 0960 

8.7980 

746 

556516 

! 415160936 

27 3130 

9 0694 

682 

46.M24 

317214.-818 

26.1151 ; 

8 8023 

717 

658009 

416832723 

27 331.3 

9 0735 

9H3 

4(9.489 

318611987 

26 1343 

8.8066 

718 

559504 

418508992 

*27 3496 

9 0775 

684 

467856 

320013504 

26 1534 1 

9.M09 

719 

561001 

1 420189749 

27 3679 

9 0816 

685 

, 469225 

321419125 

26 1725 

8 8152 

7.50 

602.500 

j 421875000 

27.3861 

9 0856 

686 

470596 

322828856 

26 1916 

8 8194 | 

751 i 

561001 

■ 42.1564751 

27.4044 

9 0896 

687 

471969 

324 24 2 703 

20.2107 

8 *237 

752 

565501 

1 425259008 

27 4226 

9 0937 

688 

473344 

325660672 

26.229H 

8.8280 

751 1 

56700') 

. 426957777 

•2" 1408 

9 0977 

689 

474721 

.327082769 

26 2488 

K.8323 

754 1 

568516 

1 428661064 

27 4591 

9 1017 

690 

476100 

328509000 

26.2679 

8.8386 

755 ! 

571HI25 

4.101368875 

27 4773 

9.1057 

691 

477481 

329939371 

26 2869 

8.8408 

756 ! 

571536 i 

1 432081216 

27.4955 

9.1098 

692 

478864 

3,11373888. 

26.3059 

8.8451 

757 

67.1049 

433798093 

27 51-36 

9 1138 

695 

480249 

3.32812557, 

26.3249 

8.8493 


574564 

! 435519512 

27.5318 

9.1178 

694 

481636 

.3.34'255384' 

26 3439 

8.8536 

7,59 

576081 

437245479 

27 5500 

9 1218 

W> 

483025 

835702375. 

26.3629 

8.8578 

760 

677600 

4.1897601X1 

27 5681 


696 

484416 

S37153536 

26.3818 

8 8621 

761 

579121 

440711OKI 

27 5862 

9 1296 

697 

485809 

33860887 1 

26 4008 

8.8663 

762 

580644 

442450728 

27 6043 

9 1358 

698 

487204 

34006839-2 

26.4197 

8.8706 

763 

582169 

444194947 

27 6225 


699 

488601 

,3415.12099 

26 43841 

8 8748 


583690 

445943744 

27 6405 


700 

49000U 

S4300IXNMI 

26 4575 

8.8790 

765 1 

585225 

447097125 

27 6086 


701 

491401 

344472101 

26 4761 

8 8833 


586756 

449455096 

27 6767 

9.1498 

702 

492804 

345948408 

26 4953 

8.8875 

767 ; 

588289 

451217663 

27 6948 

9.1537 

703 

494209 

347428927 

26 .5141 

8 8917 


589824 

452984832 

27 7128 


T04 

496616 

348913664 

1 26.5330 

8.8959 

769 

| 591.161 

454756609 

27 7308 

9.1617 

706 

4070*25 

360402825 

, 26.5518 1 

8.9001 . 

770 

1 592900 

456533000 

27.7489 

9.1657 







SQUARES, CUBES, AND ROOTS. 


til 

TABLE of Square*, Cubes, Square Root*, and Cube Roots, 
of Numbers from 1 to 1000 — (Continued.^ 


No. 

; Square. 

Cube. 

! 

j 8q. Rt. 

C. Rt 

No. 

Square. 

^ Cube. 

8q. Rt. 

! C. Rt. 

1 

771 

591441 

j 45H3I4011 

27 7M,9 

9 16% 

830 

69X896 

584277056 , 28 9(37 

j 9 4'2(H 

772 . .'9.V9H4 

1 4*>(MW!tMH 27 7X49 

9 17.16 

837 

■ IHh>69 

' .5X6.1762,1,1 

88 9310 

1 9 4241 

773 

597529 

1 11,1X89917 

1 27 XI129 

9.1775 

818 

702244 

5884X0172 

■ 28 9482 

9 4279 

774 

599076 

' 16.H184X24 

i 27 8209 

9 1815 

839 

70.1921 

1 51H15897I9 

28 9655 

9 4316 

775 

MW625 

; 4051X4373 

1 27 x.188 

9.1855 

840 

70o«MI 

592704000 28.9828 

9.4354 

776 

602176 

467288576 

27 X568 

9 1894 

841 

707281 

| 51M821321 

■29. 

9 4391 

777 

' 603729 

48909741.1 

27 8717 

9 1911 

812 

711X964 

1 5fM,917688 

1 29.0172 

9 4429 

778 

Ml',*84 

470910952 

27 8927 

9 1979 

813 

710619 

. 599077107 

1 29 0345 

9 4466 

779 

' 606841 

472729H9 

27.9106 

9 '201'.’ 

814 

712.116 

I 6012115841 29 0517 

9 4503 

780 

; 00*400 ; 

474552000 

27 9285 

9 2052 

845 

714025 

: 60.1351125 

1 29 0089 

9.4541 

781 

j 609961 , 

476379541 

•27 9464 

9 2091 

846 

• 715716 

6054957.16 

1 29,0861 

9 4578 

782 

611524 ! 

47X21176x 

27 ‘164.1 

9 2 no 

817 

717109 

607645423 

I 29 1033 

9 4615 

783 

■ 613089 

48(H) 186X7 

27 9X21 

9 2170 

848 

719104 

60*)X(HI192 

29 1204 

9 4651 

781 

614656 

| 481890:101 

28 

9.2209 

849 

7208111 

61196(H) 19 

29 1376 

9 4690 

78 i 

616225 

' 48.17:16625 

28 0179 

9 2248 

850 

722590 

614125000 

29.1548 

9.4727 

786 

, 617796 , 

4*5587856 

28 0,157 

9 2287 

851 

724201 

616295051 

29 1719 

9.4764 

787 

| 619769 i 

4x741.14031 

2X0515 

9 2126 1 

852 

725904 , 

618470208 

: ‘29 1890 

9 4801 

788 

' 620944 | 

4 m>i ((,1X7 2 

28 0711 

9 2965 

851 

W7MI9 

(•,'206:81177 

29 204,2 

9 48.18 

789 

622521 1 

491169069 

28 0891 

9 2404 

854 

729316 

622X35X64 

1 29 2233 

9 4875 

790 

624100 ] 

4'i:i019000 

28 11819 

9.2443 j 

855 

731025 

625026:175^ 

! 29 2404 

9 4912 

791 

625681 ' 

194913671 

28 1247 

9 2482 : 

856 

7327.16 

627222016 

29 2575 

9 4949 

792 

627264 1 

4967930X8 

28 1125 

9 2521 

8,7 

714449 

62942279.1: 

29 2746 

9 4986 

793 

. 62881*) 1 

49X677257 

28 1609 

9 2560 

858 

716164 1 

6,11628712] 

29 2910 

9 5023 

794 

. 630436 1 

.500566184 

28 1780 

9 2599 

859 

7.17X81 1 

63.1x39779! 

29 3087 ! 

9 5060 

796 

| 632025 i 

502439X7., 

28 1957 

9 2638 

060 

7.196(H) ' 

6:i6o:*(hhi 

29 3258 

9 5097 

196 

j 63.7616 1 

504358 Vlfi 

| 28 21.15 

| 9 2677 

861 

711321 

618277381 

29 3428 

9 5134 

197 

1 6.1., 20*1 i 

.50626l.57'l| 

28 2312 

9 2711 

81,2 

741041 

t, 10503928 

29 3598 

9 6171 

798 

636804 | 

508169592! 

j 28 2489 

! 9 27.31 

86.4 

711769 

642715647 

•29 3769 

9 5207 

199 

, 6,18401 

3I00XJ199 1 

28 2060 

9 2793 

X64 

716196 

644972544 

29 39'19 

9 5244 

800 

610000 1 

.lUMHHHIOj 

28 2X13 

9 2832 

865 . 

748225 

647214625 

2V 4109 

9.5281 

801 

611601 ' 

511922401 

28 3019 

9 2870 

866 I 

749956 

619461896 

29 4279 

9.5317 

802 

643201 ! 

315819608 

28 31% 

9 2*8)9 

867 

75168*1 

41517143453 

29 4449 

9 5354 

803 

1 614809 

5177X1627' 

28 1171 

9 2948 


753424 

653972032 1 

29 4618 

9 5391 

804 

616116 ' 

31971K161 1 

2K 1519 | 

9'29X6 

H69 

735161 

(ttOVKIHHH) 

‘29 4788 

9 5427 

805 

618025 i 

5216(8)125 

28 1725 

9 3025 

870 

750900 

658503000 

29.4958 

9.5464 

806 

1 M9636 ' 

521606616 

2X1901 

9 3063 

871 

758641 

660776111 

29.5127 

9.5501 

807 

■ 6,1219 

525557913 

28 1077 

9 1102 

872 

760184 

663051848 

29 5296 

9 5537 

808 

6,2X64 

32751II12 

28 4251 j 

9 3140 

873 

762129 

665138617 

29 5406 

9 5574 

809 

. 651481 , 

,29175129 

j 2x 1129 

93179 

87 » 

76.1870 

M17H27624 

29 5635 

9 5610 

810 ' 656100 ; 

5 41441000 

j 28 4605 ! 

9.3217 

875 

765625 

669921875 

29 58U4 

9 5847 

811 

1 657721 ' 

5tiumi 

[ 28 4781 

9 3255 

876 

767176 

672221376 

29 5971 

9.5683 

812 

659144 

31,187128 

| 28 4956 

9 3294 

877 

769129 

674526133 

i 29 6142 

9 5719 

813 

660969 i 

517167797! 

28 5112 

9 11.12 

H7X 

770884 

676836152: 

j 29 6311 

9 6756 

814 

j 662596 • 1 

519153144 1 

28 5-107 

9 3170 

x79 

772611 

6791.51119 

; 29 6479 

9,5792 

815 

664220 | 

541343375 | 

28 5482 

9 :i4(ix 

KMO 

771400 

1(81472<HM) ! 

29 6648 

9.5828 

816 

, 665856 ! 

5433.18496 1 

28 5657 

9.1117 

HH1 . 

1 776161 

68,1797X411 

29 6816 

9 5865 

817 

, 667489 i 3453.1851! 

28 5H32 

9 14X5 

MX'2 

| 777924 

6X6128968| 

29 698-, 

9.5901 

818 

669!24 , 

54794.1412! 

28 6(8)7 

9 152.1 

XX! 

779689 

6884653X7 

29 7153 

9 5937 

819 

670761 

.549.1,5.1259 

• 2 x 6182 

9 3561 

XX4 

7X1456 

69( (807101 

29 7321 

9 5973 

820 

672100 j 

55l.l680(H)j 

2X6.156 

9 3599 

885 

783225 

691154125 

29 7489 

9.6010 

821 

' 671041 1 

55TW7661 

28 6531 

9 3617 

886 

7849*16 1 

695506456 

29 7658 

9 6046 

822 

675684 

55,112218 

28 (.705 

9 .9,7, 

8X7 

"86769 

697X61103 

29 7825 

9 6082 

823 

677129 

.55*111767' 

28 6880 

93711 

8SH 

78X544 

700227072 

29 7993 

9 6118 

824 

678976 i 


'lx 7054 

9 1751 

889 

790121 

7(02595369 

29.8161 

9 6154 

825 

680625 1 

5615156251 

28 7228 

9 3789 

SHI 

792100 

704969000 

29 8.129 

9.6190 

828 

i 682276 1 

51R5?,9976| 

28 7402 

9.1827 

891 I 

793881 

707347971 

29 8496 

9 6226 

827 

i 683929 

r >656< )92al' 

28 7576 

91x65 

89'2 | 

79.5664 

7097 : 12*288 

29X664 

9.6262 

828 

6H55JH ■ 

51,766.15521 

28 7750 

9 3902 

893 >' 

797149 

7121219,7 

29.8831 

9 6298 

829 

687241 ' 

569722789 

. 28 79-24 

9 M40 

891 ' 

799216 

7115169X4, 

29 8998 

9 6334 

830 

688900 

5717x«(HX)j 

28X097 

9 .1978 

895 > 

801025 

716917375 

29.9166 

9.6370 

831 ; 

690.561 | 

571X561911 

28 8271 ! 

9 4016 

x96 ^ 

802816 

719323136i 

29 9.133 

9 6406 

832 

692224 . 

5759«)36» 

28 X444 ' 

9 4031 

897 

804609 

721734273; 

29 9500 

9 6442 

833 

693889 

57H0095:ii, 

28X617 1 

9 4091 

898 1 

806404 

724150792[ 

29.9666 

9.6477 

834 

69,5556 | 

580093704 

28 8791 

9.4129 

899 ! 

808201 

726572699 

29.9833 

9 6518 

835 

697225 1 

582182875' 

28 8964 l 

9 4166 

900 ' 

810000 

7290000001 

30. 

9.6549 
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SQUARES, CUBES, AND BOOTS. 


TABLE of Squired, Cube*, Square Root*, and Cnbe Roots, 
of Number* from 1 to 1000 -(Continued.) 


No. 

Square. 

Cube. 

Sq Rt. 

C. Rt 

No. 

Square. 

Cube. 

Bq. Rt. 

C. Rt. 




30,011.7 

9 6585 

951 

904401 

860085351 

30.8183 

9 8339 




30.0.1.1 ( 

9 6620 

952 

906504 

862801408 



903 


7.(6.114.121 

30 (1500 

9.6656 

953 

908209 

865523177 





73870.126* 

30.0606 

9.6692 

9i>4 

910116 

86X250664 



005 

819025 

741217625 

30 0832 

9.6727 

955 

912025 

870983875 




820836 


SO.0998 

9.6763 

956 

913936 

873722816 

30 9192 

9 8511 

007 


74614264.1 

30.1104 

9.6799 

957 

915849 

876467493 



90S 



30 13.10 

9 683+ 

958 

, 917764 

879217912 



t>0» 


75108942! 

30.1496 

9 6870 

959 

919681 

881974071 



910 

H28100 

753571000 

30.1602 

9 6905 

960 

921600 

884736000 



911 

8299*21 

7500.58031 

30 1828 

0 (Bill 

961 

*23521 

887503681 

31. 

9.8683 




30 1 991 

9 697(i 

962 

825444 

h'402771-28 




K'13569 

701018497 

30 2159 

9 7012 

963 

927369 

893056347 

31 0322 



8.15396 

7li.(5M944 

30 2321 

9 7017 

964 

929296 

895841344 



915 

837225 

760060875 

30 2190 

9 7082 

965 

931225 

898632125 




839056 

768575296 

30 2655 

97118 

966 

933156 

901428696 

31 0805 

9 8854 


810889 

77109521? 

30 2820 

9 7153 

967 

935089 

90423HHUI 31 "%« 



xt 2724 

7730206.32 

30 2985 

9 7188 

968 

937024 

9070.192 (2 




84 4.Vi 1 

7761.5155! 

30 .1150 

ft 7224 

969 

9.38961 

9098.3320' 



m 

846400 

778688000 

30.3315 

ft 7259 

970 

940900 

912073000 

31 1448 





30 3(80 

9 7294 

971 

912811 

915498611 

31 1609 

9.9024 

922 

850084 

78.1777448 

r .(645 

!) 7 129 

972 

914784 

918330018 

31 1769 

9 9058 



786.(30467 

30 38*81 

9 7 9,4 

973 

946729 

921167317 



924 

853776 

788889024 

30 3974 

ft 7400 

974 

948676 

924010424 

31 20’H) 

9 9126 

925 

855625 

79145.(125 

30 (138 

9.7435 

975 

950625 

926859375 

31 2250 


92fi 


791021770 

30 4302 

9 7470 

976 

952576 

929714176 

31 2410 

9 9194 



796.59798.3 

30 4467 

9 7505 

977 

951529 

9325718.13 

31 2570 


H2H 

M0IIXI 

7'(9178752 

30 4631 

9 7540 

978 

956484 

915441352 

31 2730 

9 9261 

929 

8I>.30 {1 

801765089 

30 4795 

9 7575 

979 

958441 

93KU3739 

31 2890 


m 

861900 

804.157000 

30 4959 

9.7610 

980 

960400 

941192000 

81 .(050 


mi 

806701 

800954491 

30 5123 

11 7645 

981 

962361 

944076141 

31 3209 

9 9363 


808624 


30 5287 

9.7680 

982 

964324 

946966168 

31 3369 

9 9396 

933 

870489 

8121662.(7 

30 5150 

9 7715 

98,1 

960280 

949862087 

31 3528 

9 9430 

934 

872156 

81478050( 

30 6614 

9 7750 

984 

968256 

952763904 

31 3688 


935 

874225 

817400375 

30.5778 

9 7785 

985 

970225 

955671625 

SI .3847 


9M 



30.5941 

9 7819 

986 

972196 

958585256 

31 4006 

9 9531 




30 6105 

9 7854 

987 

974169 

90150480,1 

31 4166 



879844 


SO 6268 

9 7889 

988 

976144 

964430272 

31 4325 

9.9598 

939 

881721 

827936019 

SO 6431 

9.7924 

989 

978121 

967361669 

31 4484 

9 9632 

940 

88:1600 

830584000 

30 6594 

9 7959 

990 

980100 

970299000 

31 4643 


Ml 



30 6757 

9 7993 

991 

982081 

973242271 

31 4802 

9 9699 




30 6920 

9 8028 

992 

984004 

976191488 

31.4960 





30 70X3 

9.8063 

993 

986049 

979146657 

31.5119 


944 

891136 


30 7246 

9 8097 

994 

988036 

982107784 

31,8278 

9 9800 

945 

893025 

843908625 

80 7409 

9 8132 

995 

990025 

985074875 

31 54.16 





30 7571 

9 8167 

996 

992016 

988047936 

31 5595 

9 9866 


H96809 


30 7734 

9.8201 

997 

994009 

991026973 

31 5753 

9.9900 

948 

898704 

851971392 

30 7896 

9>236 

998 

996004 

994011992 

31 5911 






9.8270 

999 

998001 

997002999 

31 6070 


950 

902500 

857375000 

341 8221 

9 8305 

1000 

1000000 

1000000000 

31 6228 

10. 


To find the square or rube of any whole number ending 
With cipher*. First, omit all the final ciphers. Take from the table the 

snu&re or cube (as the oue ms; he) of the rest of the number. To this square add twice as many 
eiuberi as there were Dual cipher* lu the original number. To the cube add three limes as many as 
In the original number. Thua, for *0600*; 906* = 819025. Add twice 2 ciphers, obtaining819025000(1 
for 905003 9058 s= 741217626. Add 8 times 2 ciphers, obtaiuiug 7*1217625000000. 





SQUARE AND CUBE ROOTS- 
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Square Roots and Cube Roots of Number* from 1000 to 10000. 

_No error*. 


Num. 

Sq. 1U !cu Kt 

Nuiu 

Sq Rt 

<!u. Rl 

Num 

m 

m 

Num. 

Sq Rt. Cu, Rt. 



10.02 

1403 


11 20 

1805 

42 49 

12.16 

2205 

48 % 

IS OJ 



10 03 

1410 

.17 75 

11 21 

1H |0 

42 .74 

12 19 

2210 

47.01 



SI 86 

10 or. 

1413 

147 62 

11 23 

1815 

42 Hi 

12 ‘20 

2215 

47 08 




10 07 

1420 

37 4>H 

11 24 

1820 

42 'Hi 

12 21 

2220 





10 OH 

1125 


11 23 

182j 

42 7 2 

12 22 

2225 

47.17 


1030 


10 10 

11.44) 

37 82 

11 27 

18.10 

42 78 

12 2.1 

2230 





10 12 

11.15 

.47 88 

It 28 

IHi.) 

42 81 

12 21 

2236 

47 28 




10 1.1 

1440 

37 95 

11 29 

1840 

42 90 

12 25 

3240 

47.33 

13 08 



10 IS 

1145 

38 01 

11 II 

1845 

42 9.7 

12 28 

2245 

47.38 




10 16 

1 150 

38,118 

11 12 

K70 

43 01 

12 28 

2250 





10 1H 

1435 

38 14 

11 13 

1855 

43 07 

12.29 

225.7 

47 49 




10 20 

1460 

38 21 

11 (4 

i860 

4 i 11 

12 30 

221X) 

47 54 




10 21 

1405 

38 '28 

11 H> 

1885 

41 19 

12 31 

2265 

47 59 




10 23 

1470 

38 34 

11 37 

1870 

43 24 

12 32 

2270 

47 84 




10 24 

1473 

38 41 

11 38 

1873 

4.1 30 

12 3.1 

2275 

47 70 




10 2« 

1480 

38 47 

11 40 

1KH0 

43 36 

12 34 

22H) 

47 75 




10'2" 

1485 

38 54 

11 it 

1885 

43.42 

12 35 

2285 

47 80 




10 '20 

1490 

38 80 

11 42 

1890 

4 ! 47 

12 36 

2290 

47 85 




10 '11 

1493 

.18 (.7 

11 43 

1893 

43 73 

12 37 

2295 

47 91 




10 .12 

1500 

38 7 4 

11 15 

19(H) 

43 59 

12.39 

2300 

47 98 




10 11 


38 79 

11 16 

190-3 

43 65 

12 40 

2303 

48.01 




10 IS 

1510 

38 Hi 

11 IT 

1910 

43 70 

12 41 

2.110 

48 06 

13 22 


its :i9 

10.17 


38 92 

11 49 

1915 

43 76 

12 42 

2315 

48 It 




10 JH 

1520 

.48 'HI 

11 50 

1920 


12 4.1 

2320 

48.17 

13 24 



10 10 

1523 

39 03 

II >1 

1925 

41 87 

12 44 

232.5 

48 22 




10 42 

15,10 

39 12 

11 52 

1930 

43 93 

12 4.5 

2330 

48.27 




10 42 

1535 

39 18 

11 54 

1915 

43 ‘19 

12 46 

2335 

48.32 




10 43 

1540 

39.24 

11 :.» 

into 

4 1 07 

12 47 

2.14(1 

48 37 




10 41. 

1545 

39 31 

11 36 

1915 

44 HI 

12 48 

2345 

48 43 




10 4H 

1550 

39 37 

11 77 

1950 

41 16 

12 49 


48 48 




10.40 

1555 

39.43 

11 9 

195j 

44 22 

12.50 

2.155 

48 53 

13.30 



10 31 

1500 

.49 50 

11 HI 

l(MX) 

44 27 

12.71 


48 58 




10 32 

15415 

39 50 

II 61 

196.7 

44 13 

12 5.1 

2.165 

48 63 

13 32 



lo 71 

1570 

39 62 

II 62 

1970 

44 (8 

12.74 

2.(70 

48 68 




10 5.1 

1573 

39 69 

1161 

1975 

44 44 

12 55 

2375 

48 73 

13.34 



10 37 

1580 

39 73 

11 65 

1980 

41 50 

12 54, 

23X0 

48.79 

13 35 



10 7H 

1585 

39.81 

11 % 

1985 

44 55 

12.57 

2385 

48.84 

1.1.36 



10 00 

1590 

39.87 

11 (.7 

1990 

44 6| 

12 58 

2390 

48 89 

1.1.37 



lo r.i 

1593 

39.94 

It 68 

1995 

44 67 

12.59 


48 94 




lo r.i 

1800 

40 (HI 

II 70 

2000 

44 72 

1 1 (X) 

2400 

48.99 

13 39 



10 04 

14X13 

40 06 

11 71 

2005 

44 7H 

12.61 

2405 

49 04 




10 00 

1810 

40 12 

11 72 

2010 

44 83 

12 62 

2410 

49 09 

13 41 



10 (.7 

1815 

40 19 

11 73 

2015 

44 89 

12 83 

2415 

49.14 

13 42 



10 89 

1820 

40 23 

11 74 

2020 

44 94 

12 64 

2420 

49 19 

13 43 



10 70 

182.5 

40.31 

11 76 

2025 

45 (HI 

12 65 

2425 

49 24 




10 71 

18140 

40 .17 

11.7T 

20.HI 

4.7 (Hi 

12 1X1 

2430 

49.30 




10 74 

18.15 

40 44 

11 78 

2035 

45 11 

12 67 

2435 

49 35 

13 45 



10.74 

1840 

40 50 

11 79 

2040 

45 1 

12 68 

2440 

49 40 

13 46 



10 7K 

1845 

40 % 

11 80 

2043 

45 22 

12 69 

2445 

49 45 

13.47 




18.70 

40 82 

11 82 

2050 

45 28 

12 70 

2450 





10 79 

14435 

40.(94 

11 83 

2033 

43.33 

12 71 

2460 

49 00 

13.50 



10 HO 

1860 

40.74 

11 84 

2060 

45 39 

12 72 

2470 






108.3 

40.8(1 

11 87 

2085 

45 44 

12 73 

2480 

49 HI 

13.54 



10 83 

1670 

40 87 

1 1 88 

2070 

4:5 50 

12 74 

2490 

49 90 

13 55 



10 H4 

1675 

40.93 

II 8K 

-.8175 

45 53 

12 7.7 

2700 

50(H) 

13 57 



10.Hi 

1880 

40.99 

11 89 

2080 

45 61 







10 H7 

11485 

41 05 

11 90 

208.7 

45 86 

12 78 

2520 

50.20 

1.1 61 



10 89 

1690 

41.11 

II 91 

2090 

45 72 

12 79 

2530 

50 30 

13 63 



10 '.HI 

189.7 

41 17 

11 92 

2095 

4.5.77 

12 HI 

2540 

60 40 

13.64 



10 91 

1700 

41 2.) 

11 Hi 

2KHI 

45 HI 

12H 

2550 

50 50 




10.93 

174)5 

41 29 

11.95 

2105 

45 88 

12 82 






10 94 

1710 

41 35 

11 IHi 

2110 

45 93 

12 Hi 

2570 





10.% 

1715 

41 11 

11 97 

2115 

45 99 

12 81 

2780 





10 97 

1724) 

41.47 

11 98 

2120 

46 04 

12.85 

2590 





10% 

1725 

41.53 

1 i 99 

2125 

46 10 

12 86 

2600 





11.00 

1730 

41 .79 

12 IHI 

2130 

46 15 

12 H7 

2610 


13.77 



11 01 

1735 

41.86 

12 02 

2135 

46 21 

12 88 

2620 





11 02 

1740 

41.71 

12 03 

2140 

46 28 




13.80 



11.04 

1745 

41.77 

12114 

214.7 

48 31 




13.82 



11.05 

1750 

41.83 

12 05 

2150 

46 37 

12 91 

2850 

51 48 

13.84 



11 07 



12 08 

2153 

48 42 


26410 

51 58 




11 OH 



12 07 

2160 

46 48 

12 93 

2870 

51 87 

13 87 



11 09 


42.01 

12 99 

216.7 

48 53 

12 94 

2880 

51.77 

13 80 






12 10 

2170, 

46 58 

12 95 

■2890 

51.87 

1.101 




177.7 

42 1.1 

12 II 

2115 

46.84 

12 96 

2700 

61 96 

13.92 



11 14 

17H) 

42 19 

12 12 

2180 

46 69 

12 97 

2710 

52.08 

13.94 






12 13 

2183 

46 74 


2720 

52 15 





1790 

42 31 

12 14 

2190 

46 HO 

12.99 

2730 

52.25 

13.98 




179.3 

42 37 

12 15 

2195 

46.85 



62.35 

13.00 

1400 

87.42 

11 19 

1800 

42.43 

1-2.16 

2-200 

46.90 



62.44 

14.9'- 
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SQUARE AND CUBE ROOTS. 


Square Roots and Cube Roots of Numbers from 1000 to 10000 

—(Continued.) 


Num. 

Sq Rt 

On Ri 

Num. 

Sq. Rt 

(’ll. Ri 

Num. 

Sq Rt 

('ii Ri 

Num 

Sq. Rt 

Cu Rt. 

2760 

52 51 

11 (11 

,3-mO 

69 58 

13 25 

4 140 

65 88 

16 .31 

51.10 

71 62 

17 26 

2770 

52 63 

11 01 

J.»60 

69 67 

15 27 

4350 

6,.95 

16 32 

5140 

71 69 

17 36 

2780 

52 71 

11 116 

3570 

69 75 

15 28 

4.160 

Mi 0.1 

lb 34 

5150 

71 76 

17 27 

2790 

52 M2 

11 OH 

35x0 

59 H.I 

15..10 

4(70 

6b 11 

16 .15 

5160 

71.83 

17 28 

2000 

52 92 

II 09 

.1590 

59 92 

15 .11 

43MI 

M. 18 

11. II. 

5170 

71 90 

17 29 

2810 

53.01 

II 11 

3600 

60 00 

15 33 

4.190 

66 26 

11. .17 

5180 

71 97 

17 30 

2820 

53 10 

H 13 

3610 

60 08 

15 31 

4400 

66 33 

If. 19 

5190 

72 04 

17 31 

2830 

54 20 

11 11 

3620 

60 17 

15 35 

4410 

Mi 11 

16 40 

5200 

72 11 

17 32 

2810 

51 29 

II 16 

3630 

60 26 

15.17 

4420 

66 18 

Hi II 

5210 

72 18 

17 34 

2850 

53 39 

II IN 

.3640 

60 ‘13 

15.38 


M. 5ti 

16 42 

5220 

72 25 

17 35 

2860 

53 48 

It 19 

3K,i0 

60 4 2 

15 10 

4140 

M> Ml 

16 41 

.>2.30 

72 .12 

17 36 

2870 

5.1 57 

11 21 

3660 

60 >0 

1511 

4450 

M. 71 

16 45 

5240 

72 39 

17 37 

2880 

53 67 

14 23 

3670 

60 .>8 

15 12 

4460 

(81 78 

Hi 46 

5250 

72 46 

17 38 

28(81 

53 76 

II 24 

3680 

Ml Mi 

15 41 

4170 

66 86 

16 17 

52(41 

72 5.1 

17 39 

2800 

63.85 

14 2<> 

3690 

Ml 7.1 


4181) 

61.93 

11. 19 

5270 

72 59 

17 40 

2810 

53 94 

11 28 

3700 

Ml Nt 

1.) 47 

1190 

67 01 

165(1 

5280 

72 66 

17 41 

2820 

54 01 

11 29 

3710 

6(I9| 

1.1 48 

4500 

67 08 

16 51 

529(1 

72 71 

17 42 

2930 

54 13 

11 .31 

3720 

fill 99 

15 10 

4510 

67 16 

16 ..2 

5.1110 

72 HI) 

17 44 

2910 

54 22 

14 3.3 

.3730 

61 (17 

15 51 

4520 

67.23 

16 M 

53 III 

72 87 

17 45 

2850 

51.31 

11 34 

3740 

61 16 

15 52 

45.10 

67 .31 

16 55 

5120 

72 91 

17 46 

2860 

54.41 

11 36 

3750 

61 24 

1.5 54 

4540 

67 .18 

16 ,Ay 

53.10 

73 01 

17 47 

2870 

51 50 

11 .37 

3760 

61 .12 

15 55 

4550 

67 15 

11. 57 

5.140 

73 08 

17 48 

2880 

54 59 

II 39 

.3770 

61 40 

15 51. 

4560 

67 VI 

16 38 

5150 

7.3 14 

17 49 

2980 

54 68 

11 41 

37X0 

61 48 

15 5x 

4570 

67 18) 

16 59 

53M) 

73 21 

17 50 

.8000 

51 77 

II 12 

3790 

61 56 

15 59 

4.5HO 

67 08 

16 61 

5.170 


17 51 

8010 

51.86 

11 41 

3X00 

61 61 

15 Ml 

4590 


16 62 

5380 

7.7 .15 

17 52 

8020 

61.95 

11 45 

3810 

61 73 

15.62 

4MN) 

67 82 

16 0.1 

5390 

73 42 

17.58 

3080 

55 05 

14.47 

3820 

61 xl 


4610 

67.90 

Hi 61 

5400 

7.7 48 

17 54 

8010 

55 It 

14 19 

3830 

61 89 

15 65 

4620 

67 97 

16 M. 

5410 

73 55 

17 55 

8050 

55 2.4 

14.50 

3840 

61 97 

15 66 

4630 

68 111 

16 67 

5420 

71 62 

17 57 

8060 

55.32 

14 52 

3850 

62 03 

13 67 

4610 

68 12 

16 68 

5430 

71 Ml 

17 58 

8070 

55.41 

11 53 

3SM) 

62 1.3 

15 69 

4650 

08 10 

16 1.9 

5440 


17 59 

3080 

55 50 

14 55 

3870 

62 21 

1j 7(1 

1(48) 

68.26 

16 70 

5450 

73 82 

J7 60 

3090 

65 69 

14.57 

3880 

62 29 

15 71 

4670 

68 34 

16 71 

.6460 


17 61 

8100 

55 68 

14 58 

3x00 

62 .17 

15 7.1 

1680 

68 41 

11. 7.1 

5470 

7.1 91. 

17 62 

8110 

55 77 

14 60 

3900 

62 45 

15 74 

4690 

68 48 

16 74 

5180 

74 03 

17 638 

3120 

55.86 

14 61 

.1010 

62 53 

15 73 

4700 

68 56 

16 7.. 

5190 

74 09 

1764 

3130 

65 95 

11 63 

3920 

62.61 

15 77 

4710 

68 63 

16 76 

5500 

74 16 

77 65 

3140 

56.04 

11 hi 

.3930 

62 69 

15 78 

4720 

68 70 

16 77 

5510 

74 2.1 

17 66 

3150 

56.12 

14 66 

3940 

62 77 

15 79 

4730 

68 77 

16 79 

5520 

74 30 

17 67 

3160 

56,21 

14 67 

39f>0 

62 83 

15 81 

4740 

68 85 

16 80 

55.30 

74 36 

17 68 

3170 

56.30 

14 09 

3900 

62.93 

15 82 

4750 

68 92 

16M 

5510 

74 43 

17.69 

3180 

56 39 

14 71 

3970 

63.01 

15 8.1 

4760 

68 1)9 

Hi 82 

5550 

74 VI 

17 71 

8190 

56.48 

II 72 

3980 

63 09 

15 85 


69 07 

16 Kl 

5560 

74 57 

17 72 

3200 

66 57 

14 74 

3990 

63 17 

15 86 

4780 

09 II 

16 85 

5570 

74 61 

17 73 

3210 

56 66 

14 75 

1000 

63 25 

15 87 

4790 

69 21 

16M! 

5580 

74 70 

17 74 

3220 

66 75 

14.77 

4010 

63.32 

15 89 

4800 

1.9 28 

16 87 

5.590 

74 77 

17.75 

8230 

56 83 

14 78 

4020 

63 40 

15.90 

4810 

69 35 

16 88 

5600 

74.83 

17 76 

8240 

50.92 

14.80 

40.10 

63 48 

15 91 

4820 

69 13 

16 89 

5610 

74 90 

17.77 

8250 

57 01 

14 81 

1040 

63 56 

15.93 

4830 

69 50 

16 90 

5620 

74 97 

17.78 

8260 

57 10 

14.83 

4050 

63 64 

15 94 

4840 

69 57 

16 92 

5630 

75 03 

17 79 

3270 

67.18 

14.84 

4060 

63 72 

15 95 

4850 

69 64 

16 9.1 

5640 

75 10 

17.80 

8280 

57.27 

14 86 

4070 

6.1X0 

15 97 

1860 

69 71 

16 94 

5650 

75.17 

17.81 

8290 

67.30 

14.87 

4080 

63 87 

15.98 

4870 

69 79 

16 95 

5660 

75 2.1 

17 82 

3300 

57.45 

14 89 

4090 

6.(95 

15.99 

4880 

69 86 

16 96 

5670 

75 30 

17 83 

3310 

67.53 

14 90 

4100 

64 0.1 

16 01 

4890 

69 93 

16 97 

5(4(0 

75 77 

17 84 

8320 

57.02 

14.92 

4110 

64.11 

10 02 

4900 

70 00 

16 98 

5690 

75 43 

17 85 

3330 

67.71 

14 93 

4120 

64.19 

16.03 

4910 

70 07 

17 00 

5700 

75 50 

17 86 

3340 

57.79 

14 95 

4130 

64 27 

18 04 

4920 

70 14 

17.01 

5710 

7,6.56 

17.87 

3350 

67 88 

14 96 

4140 

64.34 

16 06 

49JO 

70 21 

L7 02 

5720 

75 63 

17 88 

8360 

57 97 

11 98 

4150 

64 42 

10.07 

4910 

70 29 

17 03 

5730 

75 70 

17 89 

8870 

58 05 

14 99 

4160 

64 T9) 

16.0m 

4950 

70 36 

17 04 

6740 

75 76 

17 90 

8880 

58 14 

15,01 

4170 

64.58 

16 10 

4960 

70 43 

17 05 

57:50 

75 83 

17.92 

8390 

68.22 

15 02 

41R0 

64.05 

16 11 

4970 

70 50 

17.07 

5760 

75 89 

17 93 

8100 

68 31 

15.01 

4190 

64.73 

16 12 

4980 

70.57 

17 08 

5770 

75 96 

1794 

8410 

58 40 

15.05 

4200 

64 81 

16.13 

4990 

70 64 

17 09 

6780 

76 03 

17.95 

8420 

58 48 

15 07 

4210 

64 88 

10 Jo 

5000 

70 71 

17 JO 

5700 

76 09 

17.96 

3430 

58 57 

15 ox 

4220 

64 96 

16.16 

6010 

70 78 

17.11 

5800 

76 16 

17.07 

8440 

58 65 

15 10 

4230 

65 04 

16.17 

5020 

70.85 

17 12 

5810 

76 22 

17.98 

8450 

68 74 

15 11 

4240 

65.12 

16.19 

50.30 

70 92 

17 13 

5820 

76 29 

17 99 

3460 

58 82 

15 12 

4250 

65 19 

16 20 

5010 

70.99 

17 15 

5830 

76 35 

18 00 

8470 

58 91 

15 14 

4200 

65 27 

16 21 

5050 

71.06 

17 16 

5840 

76 42 

18 01 

3430 

58 99 

15 15 

4270 

65.35 

10 22 

5060 

71.13 

17 17 

58o(l 

76 10 

18.02 

8490 

69.08 

15.17 

4280 

65.42 

16 2-1 

5070 

71.20 

17.19 

5800 


18 08 

3500 

69 16 

15.18 

4290 

65 50 

16.25 

5080 

71 27 

17.19 

5870 

76 62 

IS 04 

8510 

59.25 

16.20 

4300 

65 67 

16.26 

5090 

71 14 

17.20 

58X0 

76 68 

18.05 

8520 

69.33 

15.21 

4310 

65 65 

16.27 

5100 

71.41 

17.21 

5x90 

76 75 

18 06 

8530 

69.41 

15 23 

4320 

65 71 

16 21) 

5110 

71 48 

17 22 

5900 

76 81 

18.07 

8540 

59.50 

15.24 

4030 

65.80 

16.30 

5120 

71.55 

17.24 

6910 

76.88 

18.06 
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Square Roots and Cube Roots of Numbers from 1000 to 10000 


— ICONTIVUFK.) 


Num. 

Si|. Rt 

0u. 1 U 

Num. 

Si) Rt 

<’U Rt 

Num. 

S.j Rt 

Oi III 

Sum 

S,,. .11 

Cu H 

59-20 

76 94 

18 09 

0710 

81.91 

18 86 

7500 

86 64) 

14 57 

0'2*H) 

91 05 

20 34 

5930 

77 01 

18 10 

6720 

01 90 

lx 87 

7.510 


14 70 

8 i|Hl 

91 10 

'20 '25 

5940 

77.07 

lx 11 

67.10 


18 88 



14 51) 

8110 

91 16 

211 '26 

55*30 

77 14 

18 12 

6740 

82 10 

18 X4 

7530 

08 7X 

14 60 

M'O 

91 21 

24) 26 

59*9) 

77.20 

lx 1.1 

4.750 

82 16 

18 ‘Ml 

7540 

H6 01 

19 111 


91 2T 

20 27 

597(J 

77 27 

lx 14 

6700 

82 22 

1 .x 91 

7550 

86 89 

19 62 

8110 

91 32 

20 28 

59H0 

77 33 

18 1 > 

6770 


18 92 

7560 

0*1 95 

19 61 

8 lall 

91 38 

20.29 

5990 

77 40 

l.X III 

6780 

82 H 

18 93 

7.70 

07 01 

14 61 

8,11.0 

.91.43 

21) 30 

KWH) 

77.46 

18 17 

6790 

82 10 

18 44 

7580 


19 61 


91.49 

20 30 

(9)10 

77 52 

lh 18 

6800 

82 16 

18 9a 

7 .90 

87 12 

19 lb 


91 54 

20.31 

6020 

77 59 

18 19 

6X10 

82 .32 

lx 45 

7(.O0 

87 10 

14 66 

0140 

91 60 

20.32 

*9)30 

77.65 

lx 20 

6X20 

8 2 ,3,x 

10 'Ml 

7610 

87 24 

14 67 

0100 

91 65 

20.33 

<>040 

77 72 

18 21 

6x30 

02 <.4 

18 97 

71.20 

87 2*1 

14 1.8 

8410 

91.71 

20 34 

6050 

77 78 

lx 22 

6840 

82 70 

lx 48 

76,10 


19 1.4 

8420 

91 711 

20.34 

6060 

77 85 

IK 2.1 

68.30 

82 76 

lx 94 

7(.40 

87 II 

19.70 

0130 

91 02 

•20 55 

6070 

77 91 

18 24 

6xfi0 

0 1 8.1 

19 00 

7650 

87 4*. 

19 70 

0410 

91 H7 

20 36 

60(9) 

77 97 

18 23 

6870 

8.' 84 

19 01 

7660 

87 .2 

14 71 

01'.(> 

91 92 

20 37 

fiO’HI 

7xiU 

18 21. 

6880 

82 93 

19 02 

7670 


19 72 

8160 

91 90 

20 36 

6100 

78.10 

18 27 

(0390 

8.1 01 

19 03 

7800 

87 61 

19 71 

8170 

92 0.1 

20 38 

6110 

7h 17 

18 28 

61HH) 

83 07 

19 01 

7690 

87 t.4 

19 71 

8100 

92 09 

20 39 

61'20 

7 6.21 

IX '2*1 

6910 

8i rt 

14 05 

7700 

87 7 5 

19 75 

04‘HI 

92 14 

20 40 

6130 

78 29 

18 Ml 

6920 

8 ( 14 

19 06 

7710 

87 01 

19 71. 

0,00 

92 20 

20 41 

6140 

78 16 

18 31 

6930 

81 25 

14 07 

7770 

87 Xh 

14 76 

0,.IO 

92 2a 

20 42 

6150 

78 12 

18 32 

6410 

81 11 

14 07 

7710 


14 77 

0.720 

92 3ll 

20 42 

6119) 

78 19 

18 3 1 

69,30 

81 37 

19 08 

7710 

07 40 

19 78 


92 36 

21) 43 

6170 

78 53 

18 31 

<•'.810 

81 11 

14 1-4 

7750 

08 III 

14 74 

8 .10 

92 11 

20.44 

61X0 

78.61 

18 35 

6970 

83 19 

19 111 

7714) 

08 09 

19 00 

8.1.8* 

92 17 

20.45 

6190 

78 <>8 

18 .16 

6!N) 

81 51 

19 li 

7770 

88 la 

III 81 

0.51.0 

92 52 

20.46 

6200 

78 71 

18.17 

64'H) 

8: 61 

14 1 2 

7780 

00 20 

19 81 

8570 

92 57 

21) 46 

6210 

78 xi) 

18 38 

7000 

8! 67 

14 1.1 

7740 

08 2*. 

19 82 

0700 

92.63 

20 47 

6220 

78 87 

18 19 

7010 

81 71 

14 14 

;xoo 


19 83 

8740 

92 l.x 

20 48 

6210 

78 9.1 

18 40 

7020 

81 79 

14 13 

J8|0 

88 37 

19 84 

8MMI 

92 74 

20 49 

6211' 

78 99 

18 1] 

70 m 

0t 85 

14 16 

7820 

88 4 1 

14 8. 

81,10 

92 79 

21) 50 


79 no 

18 42 

7040 

8 1 90 

19 17 

7M0 

KX 49 

1 ' HI. 

81,20 

92 01 

20.50 

62I9I 

79 12 

18 4 1 

70,30 

0 (.9# 

14 17 

7010 

88 51 

I<1 07 

86. ,0 

92 90 

'20.51 

6270 

79 lx 

18 41 

7060 

04 112 

14 18 

7Ha0 

88 *10 

19 87 

81.10 

92 95 

20 52 

62X0 

79 23 

18 l> 

7070 

84 00 

14 14 

7x60 


19 08 

KImO 

9.1.01 

•20.53 

6290 

79 11 

18 16 


04 14 

19 '20 

7870 

08 71 

19 89 

01,60 

9,3 06 

'20 54 

6.HH) 

79 37 

18 17 

7090 

hi 20 

111 21 

7x80 

00 77 

19 90 

01,70 

93 11 

'20 54 

6310 

79 44 

18 18 

71 (HI 


19 22 

7-x'M) 

08 01 

19.91 

81,80 

93 17 

'20 55 

#.520 

79.50 

18 49 

7110 

81 32 

1!) 2 t 

79IH) 

08 80 

19 92 

0I2H) 

93 22 

20.56 

6.5 M) 

79 56 

18 Ml 

7120 

XI 38 

19 21 

7910 

08 >14 

14 92 

07IH) 

93 27 

20 57 

6.140 

79 b2 

18 51 

71.(0 

81 44 

19 2. 

7920 

08 94 

19 93 

8710 

93.33 

'20 57 

6.1*0 

79 (>9 

10 52 

7140 

81 50 

14 26 

7930 

89 0.3 

19 41 

8720 

93 .30 

20 58 

6360 

79 75 

lx ;>; 

7150 

hi 56 

19 26 

7940 

09 11 

19 95 

8730 

93 4.3 

20 59 

6.170 

79 81 

10 54 

7160 

81 62 

14.27 

79.30 

H4 16 

19 1M. 

0740 

93 49 

20 80 

63X0 

79 87 

18 3.) 

7170 


14 28 

7913) 

89 22 

19 97 

0750 

93 54 

20 61 

6390 

79 94 

I - . .>*> 

71X0 

81 71 

14 24 

7970 

09.27 

19.97 

8713) 

93 59 

20 61 

6400 

80 00 

18 57 

7190 


14 31) 

7980 

09 33 

14.90 

K770 

93 67 

20 62 

6410 

80 06 

1H .38 

7200 

81 83 

19 31 

7990 

09,39 

19.94 

0700 

93 7(1 

'20.63 

6420 

80.12 

18 59 

7210 

01 91 

19 32 

8000 

89 44 

20 01) 

8790 

93 7a 

20 64 


80 19 

18 60 

7220 

81 97 


0010 

89 60 

20 01 

8000 

91 01 

'20.65 

6410 

60 25 

18 60 

72(0 

85 03 

19 34 

0(820 

89 55 

20 02 

0810 

91 06 

20 67 

6450 

80 31 

10 61 

7240 

85 09 

19 15 

8030 

M9 M 

20 02 

8820 

9.7 91 

20 (« 

6460 

80 37 

18 62 

7250 


19 3a 

8010 

x4 1,7 

20 (l 1 

8030 

9.1 97 

21) 67 

6470 

80 44 

18.03 

7260 

8,. 21 

14 36 

0O.H) 

89 72 

20 04 

HX40 

91 02 

20 68 

6480 

80 50 

18.61 

7270 

85 26 

19 37 

0( Mil) 

84 78 

20 05 

0X70 

94 07 

'20 66 


80 56 

10 65 

7280 


19 30 

8070 

0.4 8.3 

20.01. 

XxllO 

94 13 

'20 69 

6500 

80.62 

18 00 

7290. 

85 38 

14 34 

0080 

89 09 

20.07 

8870 

94 18 



A) 68 

18 67 

7.KH) 

83 44 

19 40 

H090 

09 94 

20.07 

0800 

94.2.4 



80 75 

18 68 

7310 

85 50 

19 41 

0100 

90 IK) 

20.00 

8890 

94729 

20.72 

6630 

80 81 

18.64 

7)20 

8a 56 

19 42 

8110 

90 01. 

20 09 

8900 

94 34 

20.72 

6540 

80.87 

18.70 

7330 

85 62 

19 43 

HI 20 

90.11 

20 10 

8910 

94 31) 



80 93 

10 71 

7340 

85 67 

19 43 

0130 

90.17 

20 11 

8920 

94.45 



80 99 

18 72 

7350 

85 73 

19 41 

0140 

90 22 

20 12 

8930 

94 511 



81.06 

10 73 

7360 

85.79 

19.45 

8150 

90 20 

20 12 

8940 

94 57 



81.12 

18.74 

7370 

83 85 

19.46 

8160 

90 .13 

20 13 

X95U 

94 60 

20 76 


81.10 

18 75 

7380 

85 91 

19 47 

6170 

90 39 

20 14 

0960 



9000 

81 24 

18 76 

7390 

85.97 

19 48 

0180 

90 44 

20.15 

8970 

94 71 



81.30 

18 77 

7400 

86.02 

19 49 

8140 

90 50 

20 16 

8980 

94 76 



81.36 

18 78 

7410 

06 00 

19 50 

am 

55 

20 17 

0490 

94 82 

•20,79 


81 42 

18 79 

7420 

86.44 

19..8I 

8210 

911 61 

20 17 

WMM) 



6940 

81 49 

18 80 

7430 

86 20 

19 51 

0220 , 

90 66 

20.18 

91110 

94 92 



81 ..35 

18 81 

7440 

06 26 

19 .52 

8230 

90 72 

20.19 

9020 



6060 

81 61 

18 81 

7450 

86.31 

19 53 

8240 

90 77 

20.20 

91130 



6670 

81 67 

18 82 

7460 

06 37 

19 54 

0250 

90 03 

20 21 

9040 



6680 

81.73 

18 83 

7470 

86 43 

19 55 

0260 

90.89 

20 21 




mm 

81.79 

lx 81 

7480 

06 49 

19 .56 

0270 

90 94 

20.22 

9060 




81.86 

18.80 

7490 

06.54 

19.57 

am 

90.99 

SO. '23 

9070 

96.24 

ao.ae 


{% 




• 95 00 ! 20 Mil 

95.5.') i 20 00 

. 95 60 i 20 HI 


96.54 I 21.04 
96 5H 21.05 
96.64 21.00 
96 70 21.07 
90 75 21.07 
96 MO 21 .OM 
90 H5 21.09 
96 IK) 21.10 


Num. Sq. Et., Cu. B 

I 9780 98.83 ! 21.31 

9790 9M.94 21.31 

9800 , 98 99 21.41 

9810 ; 99.05 21.4! 


9850 99 25 
9860 99.30 
9870 : 99 35 


| 98 54 I 21.33 
98 59 21.34 


9900 99 50 ■ 

9910 99.55 I 

9920 99.60 

9930 99 65 , 


Te And Square or Cube Hoots of largo numbers not eon- 
tallied i«i the column of numbers of the table. 


power* bring columns of numbers; and those of numbers u being those of roots. Thus, if the 
•7 rt of *5281 is reqd, Brut Bnd that number in the column of sqvaret; aud opposite to tt. in the 
nlumn of numbers, is Its sq rt 159 For the cu*f rt of 857375, Bnd that number In the column of 
ewfces ; and opposite to It, in the ooi of number*. Is its cube rt95. When the exact number Is not con¬ 
tained In the column of squares, or cubes, as the case may be, we may use Instead the number nearest 
(o It, if no great accuracy is reqd Rut when a considerable degree of accuracy is necessary^he 
following very correct methods may be used. 

For Ihe square root. 

This rule applies both to whole cambers, aud to those which are partly (not wholly) decimal First, 
M the foregoing manner, take out the tabular number, which is nearest to the given one; and also ltt 
Abular tq rt. Mult this tabular number by 3, to the prod add the given number. Call the sum A. 
Tbeu mult the given number by 3, to the prod add the tabular number. Call the sum B. Then 
A • B . Tabular root • Reqd root. 

Ex. Let the given number be 946 63. Here we And the nearest tabular number to be HI: and Mg 
tabular sq rt 30.7734 Hence, 

947 = tab num 1 f 946 53 = given num. 


3841 

946.53 = given num. 


A. B. Tab root. Reqd root. 

Then 8787.53 : 3786.59 : : 30.7734 : 30.7657 +. 

The root as found by aotual mathematical process Is also 30.7657 -f-. 

For tbe cube root. 

This rule applies both to whole numbers, and to those whioh are partly dedmal. First take out ft* 
tabular number which is nearest to the given one; and also its tabular cube rt. Mult this tthular 
number by 2; and to tbe prod add the given numlier Call the sum A. Then mult the given numl>er 
by 2; and to the prod add the tabular number. Call the sura B. Then 
A : B : : Tabular root - Reqd root. 

**• Let the given number be 7368. Here we fi llu me nearest tabular number (In tbe column « 
ntiw) to be 6859; and Its tabular cube rt 19. Henoe, 

6859= tab num. 7368 = given num. 

3 2 

13718 and 14736 

7368 = given num. 6859 = tab num. 

21086 = A. 21596 = B. 

A. B. Tab Root. Reqd Rt 

Then, as 21086 : 21595 : : 19 ; 19 4585 

Tbe root u found by oorrect mathematical process is 19.4586, The engineer rarely require* eves 
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tbit degre* or accuracy ; Tor bis purposes, therefore, this prooess is greatly preferable to the ordinary 
laborious one. 

To find the square root or a number which is wholly 
decimal. 

Very simple, and correct to the third numeral figure inclusive. If the number does uot contain ai 
least five figures, counting from thehret numeral, and including U, add one or nioro ciphers to make 
Bve If, after that, the whole number is not leparalOe into twos, add another cipher to make it so. 
Then beginning m the first numeral figure, and iiiciuding it, assume the number to be a whole one. 
In the table find the numlier nearest to this assumed odc , take out its tubular sq rt, move the deal 
msl i>oint of this tabular root to the left, half** many places as the finally modified decimal number 

has figures. 

Kx. What is the sq rt or the decimal (1027 Here, in order to have at least the decimal figures, 
scunting from the first numeral (2), and Including it. add ciphers thus, ini "20.00 0. But. as it Is not 
uow separable luu> twos, add another cipher, thus. .00,20,00,00 Then beginning at the first numeral 
( 2 ), assume this decimal to lie the whole number 200000. The neaiext to this in the table is 100800; 
aud the sq rt of this is 447 Now the decimal number as finally modified, namely, 00.20,00,00, baa 
t ght figure-, oue half or which is 4, therefore, move the decimal point of the root 447, four places to 
the left, making It .0147 This is the reqd sq rt of 002, oorrecl to the third numeral 7 included. 

To find the cube root of a number which In wholly decimal. 

Very simple, and correct to the third numeral Inclusive 

If the number does not contain at least five figures, counting from the first numeral, and Including 
It, add one or more ciphers to make five If. after that, the number is uot separable into threes, add 
one or more ciphers to make It so. Then beginning ut the first numeral, and including it, assume 
the number to be a whole one. In the table find the numlier nearest to this assumed one, aud take 
out its tabular cub rt Move the decimal (mint, of this rt to the left, one third as muuy (daces as the 
finally modified rltiimal number has figures 

kx' What is the cube rt of the decimal 002’ Here. In order to hove at least five figures, counting 
troiu the first iiimv-rid and including it. add ciphers thus. 002 OllO 0 But as It is uot now separ 
able into threes, add two more ciphers to make li so, thus 002,00(1,009 Then liegiuiiiiig with the 
(list numeral (2). assume the decimal to lie the whole iiiiiiiIm r 2000000 The nearest cube to this in 
the tabu in the column of cubes, is 200017h, and its tubulin cube rt ns Iniind iu the col of numhera 
Is 12b Now, the decimal numlier as flnallv modified inanely. 002 000(too, has nine figures; one-thiri 
of which is .H, therefore, move the decimal (mint ol the root 120, three places to the left, making I 
. 126 . This is the reqd oube rt of the decimal .002, correct to the third uumural 6 included. 


Fiftli roofs n»<t fifth powers. 


Power 


„ L „ 

Power j |j of|l 

Power 

Vo or 

Power 

No or 
Root 



000142 170 

001219 

.335 

077760 

.60 

695688 

.93 



000164 ■ 175 

0(1151 i 

340 

08)460 

.61 

.733404 




OOOlHH ISO 


.345 

0911113 

.62 

.773781 




018)217 IMl 

005252 

•130 

099244 

Ol 

8)5373 


900012- 

104 

(88)248 190 

0O.5MS 

.355 

107374 

64 

858734 




(88)292 ’ 195 

006047 

160 

116029 

6.1 

.903921 


.000111 H 

.106 

(881120 200 

(8)6,478 

365 

125253 

.66 

950990 




(88)162 1 205 

006') 14 

370 

135012 

.67 

1 


0000147 

108 

000108 210 

1)07416 

375 

145393 

68 

1 10408 


0000161 

no 

IKH)t3!l ' 215 

(8)7921 

.380 

,156103 

.69 

1 21665 

1 04 

•KMtOITS 

112 

.188)113 .220 

00845!) 

3K6 

168070 

70 

1 33821 

1 Of, 

000019.) 

114 

(88)377 ; 225 

(888)22 

340 

1904VI 

71 

1 46933 


.0000210 

lift 

OOOt.44 2)0 

.009616 

.395 

198492 

72 

I 61051 


0000229 

118 

(88)717 . 235 

010240 

.400 

-07 !07 

71 

1 76234 


0000219 

120 

0007% , 240 

.011386 

.41 

221901 


1 9-541 


0000270 

122 

000HH3 .245 

01.HK59 

.42 

2 !7105 

.75 

2 10034 


IS MM! 29.1 

124 

000977 1 250 

.014701 

.43 

251.53 

76 

2 28775 


0000318 

.126 

<8)1079 1 >55 

0111492 

.44 

270678 

.77 

2 48832 

1 '20 

0000344 

.128 

001198 ] .260 

018453 

45 

288717 

.78 

2 70271 


0000371 

130 

001307 1 265 

020:596 

46 

107706 

79 

2 43163 


0000401 

.132 

(8)1435 .270 

022935 

47 

327680 

.80 

3 175HO 


00004.12 

134 

OOI57.I | .275 

•025480 

.48 

318678 

.81 

,3,43597 


.0000465 

.136 

001721 ; .280 

028248 

.49 

370740 

.82 

3 7129,3 


.0000600 

.138 

001980 295 

.631250 

.50 

193404 

83 

4 00746 

1.32 

.0060538 

.140 

0020.1 l .290 

01450.1 

.51 

418212 

.84 

4.3-2040 

1.34 

.0000577 

.142 

.002234 .295 

.tmm 

52 

.443705 

.85 

4 65259 

1.36 

.000061? 

.144 

002430 I .300 

041820 

53 

470427 

.86 

5 00490 

1 38 

.000066.’ 

.146 

002639 .305 

04.5917 

.54 

498421 

.87 

5 37824 

1.40 

000071C 


002863 ,310 

050328 

.55 

527732 

.88 

5 77353 

1.42 



.003101 .31.5 

.055073 

.56 

558406 

.89 

6 19174 

1.44 



.003355 i .320 

.060169 

.57 

.590490 


6 63383 



.160 

003626 i ,325 

.065636 

.58 

624032 

.91 

7 10082 

1.48 

.000121 

J66 

.003914 i .330 

.071492 

.59 

.659082 

■tl 

7,59375 

1.50 


Power. 


8 11668 

8 66171 

9 "23806 
9 84658 


11 8637 

12 6049 

13 3828 

14 1986 

15 0537 
15 9495 
Hi 8874 

17 8690 

18 8957 

19 9690 

21 0906 

22 2620 
23,4849 
24.7610 

26 0919 

27 4795 

28 9255 
30 4317 
32 0000 


40.84 1 0 
45.9401 
51 5366 


fii.onau 
64 8634 
71 6703 
79.6262 


1 62 
1 64 
1 66 
1 68 
1 70 
1 72 
1 74 
1 76 
1 78 
1.86 
1.82 
1.84 
1.86 
1.88 


200 

2.05 

2.10 

2.15 

2.20 

2.25 

2.80 


Continued on next page. 
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ROOTS AND POWERS. 


Fifth roots and fifth powers— (Continued). 


Power. 

No. or 
Hoot. 

Power. 

No. or 
Root. 

PoWlT. 

No. or 
Root. 

Power. 

No. 01 
Root 

Poe er. 

No. or 
Root 

Power. 

No e( 
Root 

HH.Z7.15 

2 45 

2*24 75 

4 90 

85*7.1 

9 70 

2(819193 

19 2 

20511149 

29 0 

4.79165024 

54 

97 6,>62 


29.1 *4 

4 95 

90192 

9 NI 

2747949 

19 > 

21 22*2*; 

29 2 

5032*4.175 


107.HA) 

2 ,M 

1I2J (HI 

5 (HI 

9..0J9 

9 90 

2*42.117 

19 6 

2196027.1 

29 1 

550731776 


118 814 

2 60 

.14.70 25 

.9 10 

101*100 

10 0 

304311* 

iy * 

2272262* 

29.6 

(,()16920j7 


mwa 

2 65 

3M12 04 

.7 20 

i1010* 

10 

..2IHXXX) 

‘20 0 

2.lj0072t 

29 * 



143.4*9 

2 70 

41*1 9j 

.7.10 

121665 

10 1 

■U, 12.12 

20 2 

2131KKHX 

3110 



157.276 

2 75 

4591 65 

5-40 

1 18*2.1 

10 6 

3.. i 10.79 

2(1 4 

2039.3634 

30 5 



17.’ 104 

2 *0 

50.12 *4 

5 .70 

14691.1 

10 * 

37094.77 

20 6 

2*6291.71 

31 0 



1*8.029 

285 

5507 32 

5 60 

161051 

11 0 

3*912*9 

20* 

31013642 

31 5 

916132*32 


206 111 

290 

Will. .92 

5 70 

1762.14 

11 2 

40*4101 

•21 O 

.1.15544.12 

32 0 

992136543 


223.414 

2 95 

OjWi '.7 

5 80 

192..11 

11 4 

42*2322 

21 2 

.162590*2 




243.0(H) 

3 00 

7149.24 

5 90 

21 (KU1 

11 1. 

44**166 

21 4 

39135.1911 

33 (1 



2C.’i 956 

3 or. 

7776 00 

6 00 

228776 

11 S 

4701*50 

21 6 

42I914K 

315 



2*6.202 

3 10 

*115 96 

6 111 

•248882 

12 (1 

4921597 

21 * 

454354 24 

34 (1 

135012.7107 

67 

810.1.16 


9161 33 

6 20 

270271 

12 2 


22 0 

4K*759«1 

34 5 



8.15 544 

3 20 

91124 .17 

6 .10 

29316-1 

12 4 

•>3921*6 

22 2 

52521*75 

35 0 

1564031349 


362 591 


10717 

6 40 

3175*0 

12 0 

6.39493 

22 t 

5WK2167 

.7.. 5 

168G7fXXKH 


891.854 

3 30 

11(2)3 

6 5(1 

841797 

12 W 

5*9.791 

22 6 

60466176 


1*04229351 

71- 

421.419 

3 .15 

12.2.1 

6 60 

37129,1 

1.3 0 

6161327 

22 * 

6478.74*7 

31, 5 

198491763'. 


454 354 

3 40 

1.1.701 

6 70 

400746 

18 2 

6436343 

23 0 

6934.79, .7 

37 0 

207307159. 


4«H 760 

3 45 

1 1789 

6 *0 

432010 

1.3 4 

6721093 

21 2 

74157715 

17 5 

22191100624 


525.219 

3 50 

1564(1 

6 90 

46.7259 

1.1 G 

7015*34 

23 4 

7923516* 

3*0 

2371040*7; 

75 

568.822 

8 55 

ll.*07 

7 (HI 

500490 

1.1 * 

732082.3 

23 6 

*45*7008 

3* .7 


76 

601 662 

3 60 

1*012 

7 10 

5.17*21 

11 0 

7636332 

23 ** 

90221199 

3*1 0 

27067*4157 

77 

647 HJ8 

3 65 

19319 

7 211 

5773.71 

14 2 

79021.24 

24 II 

94.158012 

39 .3 

2K*717430* 

7* 

698 440 

3 70 

’07.11 

7 30 

619174 

14 4 

*299976 

24 2 

10241X1(8X1 

40 0 

307711.56399 

79. 

74J 577 

a «.> 

22190 

7 40 

66.138.1 

14 6 

*04*6(61 

24 4 

108962013 

40.1 

3276HIKMKX 

*0 

792 .152 

3 *0 

2 17,1(1 

7 50 

7HKI--2 

11 * 

■HHI897* 

24 0 

11 >* .6201 

41 0 

34*67*4401 

*1. 

H45 H70 

3 *5 


7 (.0 

759.175 

1.7 0 

91*12(10 

24 * 

12.9195020 

41 5 

3707.198432 

82 

902 242 


’700* 

7 70 

*11.14.8 

15 2 

976,7625 

25 0 

1.1(8,91212 

42 0 

193904064: 

83 

961.5*0 

3 95 

JH872 

7 *0 

*66171 

1.7 1 

10162770 


1 1*4.57910 

42 5 

41 K‘21194 '24 

*4 

1021 00 

•4.00 

10771 

7 'HI 

42.1*96 

15 6 

10 .7227* 

2n 1 

14700*143 

43 0 

4437053127 

*5 

10*9 62 

4 05 

1271.8 

* (HI 

9*167* 

15* 

1099,3116 


1 ...7.705,7* 

43 .7 

4701270176 

*6 

115* 56 
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Square roots of fifth powers of numbers, V n?, 
or % powers of numbers, n^. 

See table, page 69. 

The column headed “12 n ” facilitates the use of the table in cases wheret 
for instance, the umuititr is given in inches, and where it is desired to obtain 
the % power of the same quantity in feel ‘ Thus, suppose we have a Vj inch 
pipe, and we require the % power or the diameter in feet. Find (the 
diameter, in inches) in thecolumu headed “ 12 n,” opposite which, in the column 
headed “n,” is0.041666 (thediameter, in feet), and, in column headed “ 
0.00035 (the % power of the diameter, 0.041666, in feet). 

Valucfi of n, ending in 0 or in 5, are exact values. All others end in repeat- 
in* decimals. Thus: n - 0.052083 signifies n =■-- 0.052083383 . 
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Sqnarc roots of fifth powers of numbers. See page 68. 
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LOGARITHMS. 


Logarithms. 


(1) Tables of logarithms greatly facilitate multiplication and division and 
the finding of powers and roots of numbers.* 

(2) The tables pp. 78 to 91 contain the common, decimal or Briggs 
logarithms of numbers. The common logarithm of a number is the ex¬ 
ponent or index of that number as a power oflO. See (18). Thus: 1000 = 10*. 
and log 1000 (logarithm of 1000) =- 3 00 000. Similarly,28.7 — 10 U5 788, and 
log 28.7 = 1.46 788. 

(3) In general, let A and B be any two numbers, and k any exponent 
Then, from the principle of powers and roots, we have 

(1) log AB = log A + log U; (2) log ~ - log A — log B; 

(3) log A* k (log A); (4) log ,* A _ lo « A 

In other words • — 

(1) Log of product - sum of logs of factors. 

(2) Log of quotient ---- log of dividend — log of divisor. 

Or log of fraction - log of numerator — log ol denominator. 

13) Log of power - log of number, multiplied by exponent. 

( 4 ) Log of root = log of number, divided by exponent. 

(4) From what has been said, it follows that 

Log 100 = log 10* 2 00 000 | Log 01 = log 10"* ^ i.00 000f 

Log 10 •= log 10 * = 1.00 000 Log 0.01 = log 10-* = 2.00 000 

Log 1 - log 10° = 0.00 OOOf | Log 0.001 log 10"3 * 3.00 000 


(5) Each common logarithm is a mixed number, consisting of an integral 
portion, called the characteristic or index (jnecedvng the decimal 
point), and a fractional portion, called the mantiNNa (following the decimal 
point). The table gives only the mantissa of each log, the characteristic 
being found as explained below. The mantma is always positive. The 
characteristic is equal to the number of the place of the first significant figure 
jn the number, counting from the unit place as tero, and is positive for whole or 
mixed numbers, and negative for fractions. Thus: 

log 2 4 6 0 0 -* 4.39 094; log 0.0 0 0 0 4 = 5.60 206. 

4 3 3 1 0 0 1 2 8 45 

For example: 


log 2870 = 3 45 788 

“ 287 — 2 45 788 

“ 28.7 - 1.45 788 

" 2 87 = 0.45 788 


log 0.287 = 1.45 788J 

“ 0.0287 =; 2.45 788 
“ 0.00287 i - 3.45 788 
*' 0.000287 = 4.45 788 


It will be noticed that the mantissa remains constant for any given com¬ 
bination of significant figures in a number, wherever the decimal point in 
the number be placed; while the characteristic depends solely upon the 
position of the decimal point in the number. 

(6) Let the number be resolved into two factors, one of which is an 
integer power of 10, while the other is greater than 1 and less than 10. Then 
the index of the power of 10 is the characteristic of the logarithm, and the 
logarithm of the other factor is the mantissa. Thus, 2870 = 1000 X 2.87 = 
10* X 2.87, and the logarithm of 2870 (3.45 788) is the sum of the exponent 3 
(or 3.00 000) and the log (0.45 788) of 2.87.1 


* Logarithms not being exact quantities, operations performed with them 
are subject to some inaccuracy, especially where a logarithm is multiplied 
by a large number, the existing error being thus magnified. Logarithms of 
only five places in the mantissa usually suffice for calculations with num¬ 
bers of four or five places. Greater accuracy is obtained by the use of 
tables of logarithms carried out to seven places, 
t Log 1 « log = log 10-log 10 = 1-1 = 0 ; or 1 30°. 

Log 0.1 = log ^ = log 1 - log 10 = 0-1 = 1.0; or 0.1 = 10-*. 

10 287 = 2.87 ~ 10. Hence, log 0.287 = log 2.87 - log 10 = 0.45 788 - 1, 
which, for convenience, is written 1.45 788. See (16). Similarly, log 0.0287 
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(7) To And the logarithm of a number. The short table on page# 
/8, 79 gives logs of numbers up to 1000. The longer table, pages 80 to 91 
gives 

(1) The mantissa for each number from 1000 to 1750 

(2) The mantissa for each even number from 1750 to' 3750 

(3) The mantissa ior each fifth number from 3750 to 10000 

(8) Logs of numbers intermediate of those given in the tables art 

found by simple proportion. The procedure necessary in these cases ii 
explained in the examples given in connection with the tables, but it will 
often be fouud sufficiently accurate to use the log of the nearest number 
given in the table, neglecting interpolation. 

The anf ilogarl thin, former ly called the mini log {numerus lagai ithmi), 
is the number corresponding- to a given logarithm. Thus,’ log. 2 =» 
0.30 103, and antilog 0 30 103 - 2 Usually wuiteii: “ log -i 0 30 103 = 2.” 

(9) Multiplication. To multiply together two or more numbers, add 
together their logs and find the antilog of their sum. See J’roportion 
(11) below. 

(10) im-iNion. Subtract the log of the divisor from that of the dividend, 
and find the antilog of the remainder. See Proportion (11) below. 

The reciprocal of any number, n, ^ See page 52. Thus, recip 2 ~ 

2 - 0.5. Hence, log recip n log * log 1 — log n - 0 — log «. 

Similarly, log recip w - log- 1 0 —log m . 

n m — n b n 

Th “* X * 2 ®?- 0 -*«£ =»-«* 331 -««*• 

Since n*- 1 — n 1 - W , t» l — 1 - n° n 1, n 0 - 1 « 1 - 1 , and n 0 -'- -- »-* 
« n n 

= n2 it follows that log ;i 1 log ^ log recip « , log «-* log ^ log 

recip a-, etc. 


(II) Proportion. Example. 6.3023 : 290.19 - 1260.7 : * 

( Log 290.19 2.46 269 

“ 1260.7 3.10 062 

l Log 290.19 X 1260.7 - 556 331 

t Log 6.3023 079 950 

1 Log 58051 - 4.76 381 


Multiply Nos, 
Add Logs. 


Divide Nos, f 
Subtract Log. ( 

The true value is 58019.05 + 

(I'4) Instead of subtracting the log of the divisor, we may add its cologa- 
rithui or arithmetical complement, which is log of reciprocal 
of divisor, ==0- Jog divisor ■= 10 — log divisor —10 Thus: 

1523 

3.332 X 8 655 ' 


1523 - 3.18 270 

Lolog 3.332 - 10 - log 3 332 — 10 10 - 0.52 270 - 10 9.47 730 - 10 

Colog 8 655 10 - log 8.655 — 10 - 10 — 9.93 727 — 10 = 9.06 27 3 — 10 

Sum of logv and cologs ^ 21.72 273 — 20 


The true value is 52.8114 + 


- Log 52.813 -- 1.72 273 


(13) Involution, or finding power#* of numbers. Multiply log of 

E ven number l>v the exponent of the required power, and find the anti- 
g of the product Thus: 3ff» = ? 

Log 36 = 1 55 630. 1.55 630 X 3 = 4.66 890. Antilog 4.66 890 = 466.56. 

(14) Kvolntion. or Anding root* of numbers. Divide log of given 
number by exponent of required root, and find antilog of quotient. Thus: 

V'46656 »*? Log46656 --- 4 66 890. 4.66 *90-3 = 1.55 630. Antilog 1.55 630 = 36 
(15) Involution and evolution of fractions. Negative characteristics. 
See page 72. 
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Examples. Required: (1) 0 48’; (2) ^'0.48 = 0.48 1/3 « 

Log 0.48 = log (48/100) = log 48 — log 200 = 1.68 124 — 2j= 

2 68 124--3 = —0 31 876 - 0.68 124 — 1; usually written 1.68 124. 
(1) liOg 0.48’=: lllog 0 48 = 3 (—0.31 876) = 3 (0.68 134 — 1) 

- —0.»r» 628 * = 2.04 272 — 3 

Each = 1.04 372. The <orresponding No. is 0.1106. 0 48** = 0.1106. 
l (2) Log 0.48*-- (log 0 48) /»_=. (O 68 124 —1) /8 = <2.68 124 - 3) /3 
f — (—0.31 87(»)/3 -- 0 22 708 — 0 33 333 - 0.89 37.7 —1 

= —0 10 62.7 = — 0 10 62.7 “ 7.89 37.7 

Each = 1.89 37.7. The corresponding No. is 0.7830. •^'0.48 = 0.7830. 

(16) To avoid inconvenience from the use of negative character¬ 
istic*. it is customary to modify them by adding 10 to them, afterward 
deducting each such 10 from the sum,ctc.v of the logarithms Thus: in 
multiplying or dividing 7425 by 0 25, we have 

Multiphing Dividing 
either log 7423 3.87 070 — 3.87 070 

log 0 25 - 1 39 794 f 39 794 

3.26 864 4 47 276 

or log 7423 3 87 070 5.87 070 

modified log 0 25 - 9 59 794 — 10 =- 9.39 794 — 10 

13 26 861- 10 6 47 276 + 10 

- 3.26 8G4 4 47 276 

In most cases the actual process of deducting the added ten6 may be 
neglected, the nature of the work usually being such that an error so great 
as that arising from such negleot could hardly pass unnoticed 

(17) To divide a modified logarithm, add to it such a multiple of 
10 as will make the sum exceed the true log by 10 times the divisor. Thus: 
to divide logO<XH)48 by 3. Log 0 00048 -- 4.68 124, which, divided by 3, = 
2.89 375. See (15). 

Log 0 00048 -- 4 68 124 
Modified logO.nOOlft -» 6.68121-10 
\dd 2 •' 10 20 - 20 

Dividing by 3) 26 68J24 - 30 

we obtain 8.89 375 — 10, which is 2.89 375 modified. 


(18) Except 1, any number can (like 10 ) l>c made the base of a system of 
logarithms. The base of the hyperbolic. Napierian, or natural 
logarithm*, much used in steam engineering, is 


1 + i + l v : 


3 1 1 '’2X3X4 


+ ....- 2.71 828 + 


and is called t (epsilon) or e. 

M - log, „e (common log e) -0.4S429; 1 -log* 10 (hyperboliclog 10)^2.30259. 
M 


For any number, n, 

log, n M « 2 30259 log 10 n ; 1og 10 n M log, n 0.43429 log* n 


(19) Whatever may be the base chosen for a system of logs, the man¬ 
tissas of the logs of any given numbers bear a constant ratio to each 
other. Thus, in any system of logs, log 4 is always = 2 X log 2, and 
— % X log 8, etc., etc. 

(20) Logarithmic Minos, tangent*, etc. of angles are the logs of 
the sines, tangents, etc. of those angles. Thus, sin 30° — 0.5000000, and log 


ain 30° = log. 0 5 — 1.69 897, usually written 9.69 897 —10, or simply 9.69 897. 

For table* of logarithmic sines, tangents, etc., see pp. 1029, etc. 

(21) Since no power of a positive number can be negative, negative num¬ 
bers properly have no logs; but operations with negative num¬ 
bers can nevertheless be performed by means of logs, by treating all the 
numbers as positive and taking care to use the proper sign, + or —, in the 
result. Thus: requiml the 3rd power of (—2). Log 2 — 0.30 103; and 
3 < 0.30 103 -- 0 90 309 = log 8 : but (— 2) 8 must be negative, lienee (—2) 3 = —fit 
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The Logarithmic Chart an«l the Slide Rale. 

(1) By means of a logarithmic chart or diagram (often miscalled loga¬ 
rithmic cross-section paper) logarithmic operations are performed graphi¬ 
cally, and by menus of the slide rule mechanically, without reference 
to the logarithms themselves*. But seef, P 76. Their use greatly facili¬ 
tates many hydraulic and other engineering computations. 


(*) The ratio between the mantissas of the logs of any given numbers 
being constant for all "•■•stems of logs, the ratio between the distances laid 
off on the chart or slide rule is the same for all systems, and the use of the 
chart or rule is independent of the system of logs used. 
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LOGARITHMIC CHART AND SLIDE RULE. 


(3) The lojrarithmie chart consists primarily of a square,* on the 
rides of which the distances marked 1-2, 1-3, etc., are laid off by scale 
according to the logs (0.30 103, 0.47 712, etc.) of 2, 3, etc. Ordinary 
-‘squared” or cross section paper may of course be used for loga- 
rithmic plotting, by plotting on it the logs instead of their Nos. Lines 
representing Nos. may be drawn in their proper places as desired. 

(3) As ordinarily constructed,t the slide rule consists essentially of 
four scales, A, B, 0, and D, see (17). scales A and 1> being placed on the 
“ rule," while B and C ar« placed upon the sliding piece, or “ slide " As 
in the logarithmic chart, see (3), the scales are divided logarithmically 
(see figure), but marked with the numbers corresponding to the logs. Bcalet 
A and B are equal, as are also scales C and D, but a given length on A or B 
represents a logarithm twice as great as on C or 1). See (4). Hence, each 
number marked on A is the square of the coinciding number marked on D. 

(4) A single logarithmic scale is usually numbered from 1 to 10, or from 
10 to 100; but it may be taken as representing any senes embracing the 
numbers from 10 rt to )0'* + *; as from 0.1 to 1.0 (n = — 1); or from 1.0 to 
10.0 (n ■ 0); or from 10.0 to 100.0 in = 1); or—etc., etc. Here n and 
n + 1 are the characteristic* of the corresponding logarithms. 

A single scale would therefore serve for all values, from 0 to infinity; 
but for convenience several contiguous Beales are sometimes added, as in 
the log chart*. 

When a line reaches the limit of a square, the next square may be 
entered* or the same square may be re-entered at a point directly opposite. 
Thus, in the case of line xh (= !/**)• 


Line marked 
z% 


( 1 ) 

( 2 ) 

( 3 ) 

(4) 



corresponds to values of 

! 

x from 

xh from 


1 to 10 

1 to 4.64 


10 to 31.62 

4.64 to 10 


31.62 to 100 

10 to 21.54 

! S B and H 

100 to 1000 

21.54 to 100-* 


Note that the numbers, marked on any given scale, must be taken as 10 
times the corresponding numbers marked in the next scale preceding, and 
the characteristics therefore as being greater by 1, and nee versa. Thus, in 
our figure, log 1.5 + log 2 - - 1-1.5 + 1-2 = log 3 ~ distance 1-M. But 
log 15 + log 20 — (1-15 + 1-10) + (1-2 +1-10), so that the characteristic 
of the resulting log is greater by 2. and the 3 representing the product of 15 
and 20 is really in the second square to the right of that shown. In finding 
roots of numbers, remember that multiplying or dividing the number by 
0.1, 10, 100, etc. (». <*.. changing the characteristic of its log), changes also 
the mantissa of the log of its root. Thus, $ 2.7 =- 1.39.., (log = 0.14 379); 
but i S/ 27 = 8, (log = 0 47 712) and 1^270 = 6.46 .., (log = 0.81 023). The 
chart or rule gives all such possible roots, and care must be taken to select 
the proper one. Most operations exceed the limits of one scale, and facility 
in using either instrument depends largely upon the ability to pass readily 
and correctly from one scale to another. This ability is best gained by prac¬ 
tice, aided by a thorough grasp of the principles involved. Where several 
successive operations are to be performed, a sliding runner or marker 
(furnished with each slide rule) is used, in order to avoid error in shifting 
the slide. Detailed instructions are usually furnished with the slide rule. 


(*) A common form of chart has four or more similar squares joined 
together. See (4). Our figure represents one complete square, with por¬ 
tions of adjoining squares For actual use, both charts and slide rules 
are, of course, much more finely subdivided than in our figures, which are 
given merely to illustrate the principles. Careftilly engraved charts are 
published by Mr. John R. Freeman, Providence, R. I. 

(1) Other forms embodying he same principle are: The “ Reaction Scale 
and General 81tde Rule,” by W. H. Breithaupt, M. Am. Soc. C. E.; Sexton’s 
Omnimeter or Circular Slide Rule, by Thaddeus Norris; The Goodchild 
Computing Chart; The Thacher Calculating Machine or Cylindrical Slide 
Rule: The Cox Computers, designed for special formulas; and the Pocket 
Calculator, issued by “ The Mechanical Engineer,” London. 





_I I I I I I Ill'll' 

Loom. 1.0 0.0 0.1 0.2 0„3 0.4 O.X 0.0 0.7 O.H 0.0 1.0 1.1 


{«) In the logarithmic chart, the scales of both axes, 1-X and 
1-Y. being equal, a line 1-H, marked a\ bisecting the square and form¬ 
ing an angle of 45° with each axis (tan 45° = ll.t will bisect also the inter¬ 
sections of all equal co-ordinates. Thus, points In the line x, immediately 
over 2, 3, 4, etc, in 1-X, are also opposite 2, 3, 4, etc , respectively, on 
1-Y. See (4). 

(7) If lines 1-K, 3-K, etc. (marked 2x, Zx, etc.i, parallel to and above 
1-H, be drawn through 2. 3, etc., on 1-Y, then points in such linea, im¬ 
mediately over anv number, a-, in 1-X, will be respectively opposite the 


(*) In the slide rule, with the slide as shown, each number on D is — 
1 5 X the coinciding number on 0. 

(t) In discussing tangents of angles on log chart, we refer to the actual 
measured distances, as shown on the equally divided scales of loqs in our 
figures, and not to the number*, which, for mere convenience, are marked 

on the chart. Thus, in line 1-B, tan C 1 B = ^ not 
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numbers giving the products 2x, 3x, etc., on 1-Y; while similar lines, 
drawn below 1-H and through 2, 3, etc , on 1-X, give values of *. * etc., 

* o 

respectively If these lines 1{ > etc , be produced downward, they will 

cut 1-Y (produced) at (15 (= J-j, 0;U (= U), etc., respectively * See (4). 

(8) Powers and roots. If a line x 2 be drawn through 1, at au angle 

8,1-X, whose tangent, is 2, it will give values of x*. Thus, the ver¬ 
tical through 3, on 1-X, cuts the line x* opposite 9 (- 3 a ) on 1-Y. Simi¬ 
larly, line x- 1 (tangent 3) gives values of x 3 ; and line v * (tangent =■ %) 

gives values of x i or l/'x. Sec (4). • 

(9) Any equation of the form y = C.x* in which log y — log C + n log x, 
(such as • "area of circle = w radius 3 ), is represented, on a logarithmic chart, 
by a straight line so drawn that the tangent T of its angle with 1-X is = n, 
and intersecting 1-Y at that point which represents the value C. Thus, 
the line marked n x 2 , (tangent - 2) is a line of squares, and, being drawn 
through n ( 3 14. ) on 1-Y, it gives values of n x a . Thus, for a circle of 
radius 2, w e find, in the line w x* over 2, a point L opposite K, or 12 f>7.. ., the 
area of such circle.t Conversely, having area — 12 57..., we obtain, from 
the diagram, radius - 2 

( 10 ) if a chart is to be used for solving many equations of a single 
bind, such as y = C r n , where C is a variable coefficient, and n a constant 
exponent, parallel lines, forming the proper angle with 1-X, should be perma¬ 
nently ruled across the sheet at short intervals. 

(11) For any log, as 1-3 (= log 3t, we may substitute its equal, M-N 
or 3-N, extending to the central diagonal line 1-H, marked x; and then, 
since, for instance, 1-1.2 = N-Q, 1-3 = N-K, etc., we may add any log 
(as 1-3) by moving upward from line x (as from N to K) or to the right, 
and subtract any log (as 1-1 2) by moving downward (as from N to Q) or to 
the left. This facilitates the performance of a series of operations. 

Thus: A 

To multiply 1.5 by 2 (= 3), by 3 (= 9), and divide by 2 (= 4.5). 

F-G - 1-F =•- log 1.5. Add G-J - 1-2 r= log 2; Bum -=* F-J =- log 3 *- 1-3 = 
M-N. Add N-K -- 1-3 — log 3; sum = M-K = log 9 = 1-9 •= 9-R. Subtract 
R-T '= 1-2 ~ log 2; remainder = 9-T = log 4.5. 

For an example of the application of this principle to engineering prob¬ 
lems see " Diagrams for proportioning wooden beams and posts," by Carl 
S. Fogh, " Engineering News’’, Sept. 27,1894. 

(19) Negative exponent*. If x is in the divisor, the line will slope 
in the opposite direction, or downward from left to right. Thus, line 4-2 
leaving 1-Y, at 4, and forming, with 1-X, the angle X, 2. 4, with tangent 

~ ~ 6 301 ’' ‘ ” 2 ’ re P resent8 the equation: V x , = 4 x~ 5 

( 19 ) If the lines of products, powers, and roots, Cx, x", and y x ~ etc., 
be drawn at angles whose tangents are less byl than jthnje oftfie angles 
fc 
d: 
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•Mde &b shown, each number on A is - the square of (1.5 X the coinciding 
number on C); while, with 1 on B opposite 1.5 on A, each number on A is =» 
1.5 X the square of the coinciding number on O , 

(15) Since x' - x* X x. we find cubes or third powers by placing the 
slide with 1 on B opposite x a on A (». e , opposite x on D), see (»), and read¬ 
ing x 3 from A opposite x on B. Thus, l.tf ? Place 1 on B opposite 1.5 ou 
D - t e. oppo.-ite 1 5 a (=2.25) on A Then, on A, opposite 15 on B, find 
3 375 = 1.5*. Or, turn the slide end for end. Place 1.5 on H opposite 1 5 
on D t. e., opposite 1.5* ---= 2.25 on A. Then, adding log 1.5 (on B) to log 2.25 
on A, we find 3.375 (= 1.5 s ) on A opposite 1 on B. 

(16) Conversely, to find f/x, we shift the slide (in its normal position) 
until we find,on B, opposite x on A, the same number as we have on 1) op¬ 
posite 1 on 0. and this number will be \ x. Or, turn the slide end 
for end,* place 1 on C opposite x on A, and find, on B, a number which 
coincides with its equal on 1>. This number is l* x. See also (17). (IH). 

(17) On the back of the slide is usually placed a scale of logs (see scale 
shown below the rule in figure) and two scales of angles, marked “ S ” and 
•*T” respectively, for finding sines of angles greater than 0°34'..and 
tangents of angles between 5° 42'..." ana 45°. 

(IH; Placing 1 on C opposite any number x on I> (with slide in its normal 
position), log x is read from the scale of logs by means of an index on the 
back of the rule. The logs may be used in finding powers and roots. 


Log*. 

1.8 0.0 0.2 0.4 


0.0 0.8 1.0 1.2 1.4 1.0 1.8 



• Kf 

2 

34507801 

2 

3 4 5 07S01j\ 


\tv 

2 3 4 

5 O 7 901 

i 1 i i i i i f 

2 3 4 5 0 7 8 011 


\ct 

1.5 2 

? 

f ? « ? 1 °, fc. 

. &7“' 

1.5 

2 3 

4 5 

O 7 HOlD] 



1.0 0.0 0.1 0.2 0-3 0.4 0.5 0.0 0.7 0:8 0.0 1.0 1.1 

Logs. 


(19) To find the sine or tangent of an angle a ; bring o, on scale S or 
T, as the case may be, opposite the index on back, and read the natural 
(not logarithmic) sine or tangent opposite 10 at the end of A or T): sines on 
B, and tangents on C. Or, invert the slide, placing S under A, and T over 
D, with the ends of the scales coinciding. Then the numbers on A and D 
are the sines and tangents, respectively, of the angles on S and T. 

Caution. Sines of angles less than 5° 45'..." arc less than 0.1. 

“ “ “ •• 90 ° “ “ “ 1 . 0 . 

Tangents “ “ betw. 5° 42'.. . " and 45°are betw 0.1 and 1.0. 


(20) On the back of the rule is usually printed a table of ratios of num¬ 
bers in common uBe, for convenience in operating with the slide rule. Thus: 
diameter 113 U. S. gallons 3 .. ...... 

clrr„mfer,.noe = 555 • pound. “ 25 (,n a g!Ven qm " Ul ? of wUer >- 
'21) Soaping the edges of the slide and the groove in which it runs, will 
often cure sticking, which is apt to be very annoying. If the slide is too 
loose, the groove may be deepened, and small springs, cut from narrow 
steel tape, inserted between it and the edge of the slide. 


(*) With the slide thus reversed, and with the ends of the scales coin¬ 
ciding, the numbers on A and Bare reciprocals (page 52), as are also 
those on C and D. 
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LOGARITHMS OF NUMBERS TO lOOfl 
For use of logarithms, see pp. 70, 71 and 72. 

For five-place logarithms of numbers to 10,000, see pp. 80 to 



0000 0414 0792 1139 
3010 3222 3424 3617 
4771 4914 5052 5185 
6021 6128 6232 6335 


7782 

7853 

7924 

7993 

8062 

8451 

8513 

8573 

8633 

8692 

9031 

9085 

91.38 

9191 

9243 

9542 

9590 

9638 

9685 

9731 

0000 

0043 

0086 

0128 

0170 

0414 

0453 

0492 

0531 

0569 

0792 

0828 

0864 

0899 

0934 

1139 

1173 

1206 

1239 

1271 

1461 

1492 

1523 

1553 

1584 

1761 

1790 

1818 

1847 

1875 

2041 

2068 

2095 

2122 

2148 

2304 

2330 

2355 

2380 

2405 

2553 

2577 

2601 

2625 

2648 

2788 

2810 

2833 

2856 

2878 

3010 

3032 

3054 

3075 

3096 

3222 

3243 

3263 

3284 

3304 

3424 

3444 

3464 

3483 

3502 

3617 

3636 

3655 

3674 

3692 

3802 

3820 

3838 

3856 

3874 

3979 

3997 

4014 

4031 

4048 

4150 

4166 

4183 

4200 

4216 

4314 

4330 

4346 

4362 

4378 

4472 

4487 

4502 

4518 

4533 

4624 

4639 

4654 

4669 

4683 

4771 

4786 

4800 

4814 

4829 j 

4914 

4928 

4942 

4955 

4969 ! 

5052 

5065 

5079 

5092 

5105 

5185 

5198 

5211 

5224 

5237 

5315 

5328 

5340 

5353 

MAS 

5441 

5453 

5465 

5478 

5490 

5563 

5575 

5587 

5599 

5611 

5682 

.5694 

5705 

5717 

5729 

5798 

5809 

5821 

5832 

5843 

5911 

5922 

5933 

5944 

5955 

6021 

6031 

6042 

6053 

6064 

6128 

6138 

6149 

6160 

6170 

6232 

6243 

6253 

6263 

6274 

6335 

6345 

6355 

6365 

6375 

6435 

6444 

6454 

6464 

6474 

6532 

6542 

6551 

6561 

6571 

6628 

6637 

6646 

6656 

6665 

6721 

6730 

6739 

6749 

6758 

6812 

6821 

6830 

6839 

6848 

6902 

6911 

6920 

6928 

6937 


6990 

6998 

7007 

7016 

7024 


5441 

5563 

5682 

5798 

5911 

6532 

6628 

6721 

6812 

6902 

7404 

7482 

7559 

7634 

7709 

8129 

8195 

8261 

8325 

8388 

8751 

8808 

8865 

8921 

8976 

9294 

9345 

9395 

9445 

9494 

9777 

9823 

9868 

9912 

9956 

0212 

0253 

0294 

0334 

0374 

0607 

0645 

0682 

0719 

0755 

0969 

1004 

1038 

1072 

1106 

1303 

1335 

1367 

1399 

1430 

1614 

1644 

1673 

1703 

1732 

1903 

1931 

1959 

1987 

2014 

2175 

2201 

2227 

2253 

2279 

2430 

2455 

2480 

2504 

2529 



3729 3747 
3909 3927 
4082 4099 
4249 4265 
4409 4425 
4564 4579 
4713 4728 


4997 5011 
5132 5145 
5263 5276 
5391 5403 


5635 5647 
5752 5763 
5866 5877 
5977 5988 


6191 6201 
6294 6304 
6395 6405 
6493 6503 
6590 6599 
6684 6693 
6776 6785 
6866 6875 
6955 6964 


3766 3784 
3945 3962 
4116 4133 
4281 4298 
4440 4456 
4594 4609 
4742 4757 


5024 5038 
5159 5172 
5289 5302 
5416 5428 
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LOGARITHMS OF NUMBERS TO 1000. (Continued.) 

For use of logarithms, see pp. 70. 71 and 72. 

For five-place logarithms of numbers to 10,000, see pp. 80 to 01. 


7076 7084 
7160 7168 
7243 7251 
7324 7332 
7404 7412 

56 7482 7490 

57 7559 7566 

58 7634 7642 

59 7709 7716 


7101 7110 
7185 7193 
7267 7275 
7348 7356 
7427 7435 
7505 7513 
7582 7589 
7657 7664 
7731 7738 


7067 

7152 
7235 
7316 
7396 
7474 55 
7551 56 
7627 57 
7701 58 
7774 



9542 9547 

9l~j 9590 9595 

92 9638 9643 

93 | 9685 9689 
9731 9736 
9777 9782 
9823 9827 
9868 9872 
9912 9917 
9956 9961 


9101 9106 
9154 9159 
9206 9212 
9258 9263 
9309 9315 
9360 9365 
9410 9415 
9460 9465 
9509 9513 


9605 9609 
9652 9657 
9699 9703 
9745 9750 
9791 9795 
9836 9841 
9881 9886 
9926 9930 
9969 9974 


0013 0017 


9222 9227 9232 9238 83 

9274 9279 9284 9289 84 

9325 9330 9335 9340 85 

9375 9380 9385 9390 86 

9425 9430 9435 9440 

9474 9479 9484 9489 

9523 9528 9533 9538 


9571 9576 9581 9586 


9619 9624 9628 9633 
9666 9671 9675 9680 
9713 9717 9722 9727 
9759 9764 9768 9773 
9805 9809 9814 9818 
9850 9854 9859 9863 
9894 9899 9903 9908 
9939 9943 9948 9952 
9983 9987 9991 9996 


0026 0030 0035 0039 
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Common or Briggs Logarithms. Base = 10. 

No. |Log.,g| No. iliOg.l^ No. jliOg.jgl No. iLog.lgl No. iLog.lgj 


1000 00000... 1050:02119 
01 I 0401 51 I ICO 

02 —0S7 ").! 52 j—202 If 

1 ' 1 '—wa 41 


oa i i:m1: 
04 173 J” 

05 2’7 44 

os 1—260 

07 ,-303 4 :; 
08 M6J 

0 » I 

1010 432 ... 

11 475 g 

12 518™ 

13 -561 4 : 

14 —604 

15 —647 J 

16 689 

17 732 g 

is;—775 ^:; 


54 284 1! 

55 325 J 

56 366 j! 

57 407.J* 

58 —149|’f 

59 -490 ’! 

141 

1060 -531L 

61 _B72|1' 

62 612 

63 653 ;; 

64 694 4 

65 -735' 4 

66 -776I 41 . 

67 Hlfiig 

68 857 k! 

r.<» _ uqq 


1100104139 ... 
01 -179,™ 

02 218 ,g 

03 -23« ,; 
04 -2117 * 

'« mg 

06 5-376!* 
07 -416" 
08 —454 
09 493^ 

1110 532 ., 0 

11 5711J 

12 610 ' 

13 -6.50 g 

14 '—689 g 

15 727: J 

16 766 g 

17 805 g 

18 844 g 

19 883 

1130 -922 3 <, 

21 —961 9o 

22 999 vo 

23 05038 

24 '—077 g 

25 115 88 

26 -154 g 

27 192 g 

28 -231 g 

29 269 g 

1130 —308 , 8 

31 346 g 

32 -385 g 

33 -423 g 
34; 461 g 

35 —500 oa 

36 1-538 g 

37 576 £ 

38 614 g 

39 j 652 g 

I140i 690 

41 -729 g 

42 1-767 g 

43 ;—805 g 

44 -843 g 

45 -881 g 

46 918 g 

47 956 ,a 

48 994 g 

49 06032 ^ 


1020 860 49 

21 —903| 4 :, 

22 94543 

23 —988! 4 9 

24 010801-7, 

25 072j 4 “ 

26 -llfljg 

27 1571 4 * 

28 199 4j j 

29 -242j 4 ;} 

1030 —2841.., 

31 —3261.5 

32 —368 1,, 

38 410 ■" 

34 4521., 

85 494 4 “ 

36 —536 1,, 

37 —578 75 

38 -620 * , 
89 -662{J“ 


1070 938,. 

71 1-979 2J 

72 ;03019 TV 

73 1-4)60 4 , 

74 1 1(11) * 

75 —141 JJ 

76 181 t, 

77 '-222 4 ! 

78 !—26211a 

79 1 302$ 


StS* 

88 j -663 fr! 

89 -703 J 

1090—743 39 

91 782 40 

92 822 40 

93 862 40 

94 -902 39 

95 941 40 

96 981 40 

97 04021 r 0 

98 060 Vn 


41 745 ™ 

42 -787 

43 828 4 , 

44 870 

45 —912 If 

46 953 j.! 

47 -995IJ7 

48 02036 4 , 

49 !—078|J- 


Example: 

To find Log. 11826: 
Log. 11830 = 07298 
Di£ = 10 36 

Log. 11820 = 07262 


Log. 11826 sb & os 

07262 + 22 = 07284 9 40 


1159 06070 - 

51 i—108 g 

52 145 z 

53 -183 g 

54 —221 Z 

55 -258g 

56 '-296 g 

57 333 g 

58 -371 g 

59 408 g 

1160 -446.,- 
61 I 483 Z 


1200 07918 86 
01 954 36 

02 990 37 

03 08027 “ 
04 —063 g 
05 —099 1,® 
06 —135"® 
07 —171-g 
08 —207 C 


65 —638 ig 
«,'—670.;” 

A7 7117 


72 —893 - 7 

73 —990 U 

74 —967 **7 

75 O7004 •- 

76 —041 37 

77 —078 37 

78 -115 Z 

79 151 g 

1180 188 

81 —225 07 

82 -262 g 

83 298 g 

84 335 1 

85 —372 g 

86 408 
87] 445:” 

88 '—482g 

89 i 5J8g 

1190!—555 

91 I 591 g 

92 -628 g 

93 6641 

94 700 g 

95 1—737 g 

96 1 778 0® 

97 809 g 

98 —8461:,/ 

QU _COO O® 


1210 —279 „r 

11 314!g 

12 8501g 

18 886 g 

14 -422 |g 

15 —458|g 

16 4931 g 

17 529 g 

18 —565;g 

19 600jg 

1220 —636 ... 

21 —672, g 

22 707 g 

23 -743 g 

24 778'g 

25 — 814 g 

26 849,"" 

27 884*g 

28 —920 g 

29 955 g 

I2SO —991 -,r 

31 09026 jrj. 

32 061 g 

33 096 g 

34 —132 g 

35 -167 g 

36 —202 g 

.37 —237 g 
88 272 g 

39 307 ®5 

00 

1240 342 

41 377 g 

42 412 g 

43 447 g 

44 482 g 

45 -517 g 

46 —552 g 

47 -587 g 

48 621 g 

49 656 g 


44 

43 

42 

41 

40 

30 

38 

37 

36 

35 

34 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

8 

9 

9 

8 

8 

8 

8 

8 

7 

7 

7 

7 

13 

13 

13 

♦12 

12 

12 

11 

11 

11 

11 

JO 

18 

17 

17 

16 

16 

16 

15 

15 

14 

14 

14 

22 

22 

21 

21 

20 

20 

19 

19 

18 

18 

17 

26 

26 

25 

26 

24 

23 

23 

22 

22 

21 

20 

31 

30 

29 

29 

28 

27 

27 

26 

25 

25 

24 

85 

34 

.34 

.33 

32 

.31 

30 

30 

29 

28 

27 

40 

39 

38 

37 

36 

35 

34 

33 

32 

32 

31 
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Common or Bri^ Logarithm*. Base = 10. 

No. |L«f.|gj So. | IjOjtJ r| No. | g| So. | Log.; §| Ko> | 

1400 14613 7. 

01 1—644 I 


1250;o9691 
51 —726,f 
62 7601 


63 . 795 I! 


54 -m\:\ 
•*'> I 864 :^ 
66 -899 jS 

57 —934IJI 

58 i 9681'qZ 

59 ; 10003!- 

1 134 

12601 037 L, 
’672® 
-106!" 


61 


62 


140j: 


-i75j: 


135 


209:; 


I34 


63 

64 

65 
64? I 243 

67 —278;' . 

68 :-31'K** 


69 I 846!: 


1270 380,.. 

71 -416 ; 

72 —449|o 

73 — 4H8|S 

74 -517 I 

75 | 551 |:j 

76 

77 

78 


619 1 


ess.:; 

79 ! 687,q 


1280.-721 
81 ,-755$ 


82 —789 I 


134 


83 -823 j 

84 -857 

85 890 

- «iJ 


87 1-9581 


88 ,-9921: 


34 


89 11025 


"33 


1290 -059:... 

91 '-093jqq 

92 126 1 :,, 5 

93 160 •?. 

94 193 ** 


95 1—2275} 

96 -261!:’. 

97 -294 J 

98 | 327if. 5 

99 —361 


02 1 4611’, 
03 494 

04 —528"... 

os! sol,::: 
06 1 594;:;; 
07 -628|:;' 


1310; 727.. 
11 I 760 


12 | 793 

13 826 

14 —860 

15 —893 

16 j— 926 

17 '—9591 

18 -992 

19 ,12024 


1320 

21 1 


23 1—15 


123:: 


33 

24 j-189'S 

25 -222; t, 

26 1 254 “ 

27 ! 287 

28 '—320 


33 
' 33 


29 ! 352 


32 


1330: 385.... 
.si '—418.:.:; 
32 i 450 
483' 
j—516 
548 
-581 
613 
-646 
678 


1340 710 

41 I- 743 :;; 

42 | 773$ 

43 —808 

44 -840 qi 
45i 872 qq 
46 -905 
47j-937j- 

48 -969 ± 

49 43001 


1330 13083' 

51 j—066 ' 

52 -098 


33 
32 

s» 

m .-ws*: 

r,r, —1U4 ' - 

56 !-ci> 

57 '-258 “ 

58 I—250,“- 

55:—3-2,35 

llJBO-OSl',,,, 


-418; 
-450 

481 

51S 1 ’*■ 
546|f 


1370 6721., 
71 -704! 


72 735 

73! 767!: 


‘'7,32 


74 1 —7991! 

75 1 830;:; 
76:—802-:; 
77 ! 89»i 


78 

79 I 


-925$ 


1380 -9881.., 

81 114019,qA 

82 — 051 “T 

83 I 082!?' 

84 —114 : f 

85 145,” 

86 176| oA 


87 • 

88 ■ 
89 , 


-208|" 


"Wi 


270 


1300, 301 

91 -333 

92 -%i:; 

93 1 39.V:j 

94 ! 

95 i 

96 

97 

98 


32 
31 

31 
31 

«!« 
—ww'? 2 

—520!?! 


457 i 


-551 
99 -582: 


Ul ,—644 A 
02 j—675 ' 
03 !—706: 

-737: 
-7«« 

-799.“ 
829:., 

860 q{ 

WljS 

-wwL 

-953 

983"’, 

15014 :; 
—(ur.i'M 


16 1 106lq, 

17 -137,: 

18 -168 ” 
19 | 198 

1420-229... 

21 269 

22 -290 ; 

23 j 320:;, 

24 —3*1 :;A 

25 1 381 

26 412 


31 

27 j 442.2} 

28 —473 :;A 


29 , 503, 


|31 

1430—534'.... 

31 —564 

32 | 594:., 

33 —625::;' 

34 !—655I'm 

35 685: 

36 j 716 J 

37 -746 " 

38 1—776':]}; 

39 j 806':J; 

1440 836*30 

41 ' 866 ;ti 

42 —897 80 

43 *—927;30 

44 —957;3() 

45 —987,30 

46 16017;r. 

47 -047 : 

48 —077|;j 

49 —107 ™ 


1450 16137 “ 

51 -167”!! 

52 —197 

53 1—227,:] 

54 I 256, 

55 286• q 

56 | 316!” 

57 j —34G; 


•30 

30 

29 
>30 

30 


58 1—3761 


30 


59 t—406;; 


30 


29 

UOOi 435i 
01 1 465$ 

29 

30 

65 i-584:iS2 

66 613$ 

67 643‘ua 
(?8 —673| 


62 -495 ” 
63! 524 * 
64 ! 654$ 


69 1 702 * 


29 


>:i0 


1470: —732'n 
71 1 7C1 ‘ 


I4H0; 

81 I 

82 

83 

84 

85 


30 
29 


-791 “ 
820 ,* 
-850 
879 
-909.;; 
938 ■ 
967 t 


30 


29 

30 

>29 
,29 

:29 

17<K»L 

1-056 g 
■085 g 
114 At 

H* S 

. .. -173“ 
86 j—202 g 


1400 

91 

92 

93 


231 ; 

260 g 

289 g 

-8I0L 

1—348 
•377 
1—406 
435 
464 f. 


Example: 

To find Log. 12605. 
Log 12610=10072 
Dif. - 10 3fi 

Log. 12600 = 10037 
12605 - 12600 = 5 
Dif. for 5 under 3S 
= 18 
Log. 12605 = 

10037 + 18 = 10055 


1 

35 

4 

34 

3 

33 

3 

32 

3 

31 

8 

30 

3 

29 

8 

1 

2 

7 

7 

7 

6 

6 

6 

6 

2 

3 

11 

10 

• 10 

10 

9 

9 

9 

3 

4 

14 

14 

13 

13 

12 

12 

12 

4 

5 

18 

17 

17 

16 

16 

15 

15 

5 

6 

21 

20 

20 

19 

19 

18 

17 

6 

7 

25 

24 

23 

22 

22 

21 

20 

7 

H 

28 

27 

26 

26 

25 

24 

23 

H 

9 

32 

31 

30 

29 

28 

27 

26 

9 


A dash belore 
or alter a log. de¬ 
notes that its true 
value is less than 
the tabular value 
by leas than half a 
unit in the laat 
place. Thus: 

Log. 1366=1354507 
“ 1367=1357685 
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LOGARITHMS 


Common or Briggs Logarithms. Base = 10. 

No. | Lop. | -r I No. I Log.; gI No. j Log.) jcl No. iLog.lgl No. iLog.jg 


1500 17fiO r J (1) „ 
01 638|" 

02 -667 
03 -696 " 
04 —725'-* 
06 -764'“;! 
Of. 782'-, 

07 hi 11;; 

08 840 

09 —860-" 

1510 —898'.)# 

11 92(;!r^ 

12 966'. 2 ,. 

13 —984 

14 IHOllf — 

15 (111 

16 —070 - i! 

17 -4)99 ® 

18 177 -" 

19 — 156| a 

178 

1820 184!, 

21 - 219 ^ 

22 241 " 

29 -270 .-J 
24 298 n? 

S"&g 

27 -381," 

28 412*4” 

29 -441,-» 


31 —498*0 
88 -62f,.r;; 

33 554" 

34 —583 J 

35 -611 j" 

36 639',,o 

37 667 " 

38 —696" 

39 -724 g 

1540 752 

41 780 " 

42 808 " 

43 -837 r,« 

44 -865 " 
46 -893" 

46 —921 " 

47 949 " 

48 977 " 

49 19005 " 


1550 19033L,. 
61 0611" 

52 089" 

53 117 " 

54 145," 

55 173" 

56 -201 " 

57 ;—229 " 

58 — 257," j 

59 —28.5" 

1500 312 L u 

61 340," 

62 3681" 

63 -396 " 

64 —4241S 


67 i— .507 1 “ 

68 —535 i. 

69 562“' 

1570 -590 1>W 

71 -618" 

72 645 

73 -673," 

74 7004'. 

75 728|" 

76 -756 " 

77 783“i 


81 893 :,u 

82 -921 .% 

83 948 .,o 

84 - 976 .I 7 

85 20003 " 

86 030 £ 

87 —058 “2 

88 085 £l 

89 112 2/ 

1500 —140 w 

91 I67i“i 

92 194 HA 

93 —222 " 

94 —249 ni 

95 276 -1 ! 

(1C QAO 


1600 204121- 
01 439 g 

02 I 466ji. 
03 , 493 " 
04! 520" 
05 -548." 
06 1-575 " 
07 j— 602 " 
08 —629 £ 


1010- 683 0 - 

11 l-7io;i 

12 :-737;" 

13 763" 

14 ! 790 " 

15 ! 817 " 

16 841 -i 

lii-S? 

“i-**,* 

162l»'-952... 
21 I 978 ;5 

'22 2! (8)5 ,72 

23 '-032,:; 

24 -059 -'. 


2 d, 112,7' 

27 -139-' 

28 I 165 S 

29 192,27 
ltiSO -219L 

*1! 245 . 5 ' 

32 i 272 27 

33 - 299,,; 

34 I 325,;S 

35 1 - 352 ,;' 

36 37H;; 

37 — 4 or>;,', 

38' 431S 
89 -4Wj& 

1640 484 in 7 

41 1 —611 |£l 

42 537;" 

43 1-564!" 

A A. 


1650121748 0 - 

51 i—776 “A 

52 ■ 801 " 

53 ; 827 " 

54 [—854j" 

55 — 880 " 

56 I 906 " 

.57 932 * 

58 ; 958 " 
“ 

1660 22011!- 

61 037|" 

62 ; 063 |nn 

63 089 
64| 115" 

65 1 141 ;! 

66 ' 167 " 

67 —194 " 

68 .-220 " 


1670 -272 

71 —298 " 

72 ,-324 " 

73 1-350 " 

74 1-376 " 

75 401 " 


1700 23045 “ 
01 I 070|" 
02 —096!" 
03 1211" 

0-1 -147,J 
05 172," 

06 —198|" 

07 993 \ a 


1710 —300 oe 

11 325 g 

12 350 

13 — 376 0 = 

14 401 g 

15 42G t, 

16 -452 n? 

17 477 g 

18 502 

19 628 25 


78 4791" 

79 505 

I' 

16H0 - 531 

81 -557 " 

82 -583 " 

83 608" 

84 634 " 


17510 -805 25 

31 -830125 

32 -855)25 

33 — 8S0 I 25 

34 — 905)25 

35 —930,25 

36 -955,25 

37 -980,25 

38 24005 — 


42 537 ;" 1 

43 -564!"! 

44 590!" 

45 1-6171"! 

46 -643 ; " 

47 669 ": 

48 -696;": 

49 | 722}|51 


1690 —789' 

91 814" 

92 840" 

93 -866 " 

94 891 " 

95 -917" 

96 -943 " 

97 968 " 

98 -994 " 

99 23019 " 


*0 —IOV A1 

46 204 jig 

47 229;" 

48 254 " 


Example: 

To find \jOg. 15414: 
Log. 15420 = 18808 
Dif. = 10 28 

Log. 15410 = 18780 
154J4 — 15410 = * 
Dif. for 4 under 28 
= 11 

Log. 1.5414 = 

18780 + 11 = 18791 


29|28[27 126 20 I 24 j 


24 A dash before 
2 | or after a log. de- 

5 2 not<, 8 tliat * tH true 

7 q value is less than 


4 12 11 11 10 10 10 4 the talmlar value 

8 15 14 14 18 13 12 5 by less than htlf» 


12 5 by less than half a 

6 17 17 16 16 15 14 6 u , nit ir L the lMt 

7 20 20 19 18 18 17 7 

8 23 22 22 21 20 19 8 

82626 24 2323220 1563=1939590 





logarithms. 
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Common or Briggs Logarithms. Base = 10. 


No. Ili0g.]g| No. i Lo * £ So* Log.]r No. Log. 5 No. Log. g 


1750 21304 

52 ' 353 
51 ■—403 


56 

58 

1760] 

62 

64 

66 

68 

1770 

72 

74 

76 

78 

1780 

82 j 


41) 

is 

—ool 


—650 

film 

748, 

797! 

840; 

895' 


88 


149 
49 

.49 

!25042i ' 
-091 

1S& 


49 
’'148 

1700; 285 

92 -AMlJJ 
94 m 
96 !• 

98 ,—479 


’48 
1 49 
□ 48 
’■48 
1800 527. w 
«•> 575 1 40 

04 -Sg 
06 —672| 


08 —720 


1810 -768 

12 i—816 .o 

14 -«64!^ 
16 -‘K2l? 
18] 959 
1820,260071.4, 
22 j—«35iS 
24 102,1J 

26 I 1501*" 


28 —198i 
1830j 2451 
32 I—29: 
34 ,—340] 
36 | 387 
38 '—435 
1840 —482 
42 -529 
44 576 

46 623 

48 670! 


1830:26717 47 
52 76147 

54 1 —811 47 
56 !—858 47 
58 —905146 
1860i 951 147 

62 —998 '47 
64 270451 .7 
66 IH. * 

63 !—138*,. 
1870| I 84 I ’ 

72 1—231 
74 —277 I!? 
76 323 ,. 

•7111 L 


78 1-3701 

1880 -416 1 


8 ‘, 
84 
86 
88 , 

1890 

92 
94 i 
96 I 
98 

1900 

02 

04 

06 


46 
.."46 
' 46 

•i 4( : 
6001!.’ 

,46 

646' 

692| 

-738 


-462, 
508 
554 1 1 


-784 
!—830 


8751 

9211, 


]46 

I—907,11? 

28012 I'’ 

,46 

45 


08 | -058' 


1910 103!, 

12 -149 ; 
14 [ 194 
16 —240 ‘ 


46 
45 

,u 4(5 

18 1—285 4 5 
1920 MO’ ' 
22 j 375 
24 j—421 
20 -466 
28 —511 


193©i—556i. 
32 1—601 1 
34 —640.1 
36 I—691 * 
88 j 735’ 
1940 780' 
42 -825.1 
44 -870,1 
46 914:’ 

48 —959'T 


1950 29003 , 
52 1—018 t 
54 092 , 

56 —187 1 
58 , 181 ’ 
1900 —226 
62 —270 ’ 
64 ' 314 , 


* i44 


—491 , 


72 

74 ■-*«-. 4i 
76 —579 1; 
78 j-628 44 
19801-667 L 
82 ! 710,T? 
84 | 754 44 
86 —798 ” 


88 —842 


1990 885!, 

92 -929 
94 —973 ] 
96 30016 
98 —060 ' 


44 
41 

43 

44 
43 

2000 -103 
02 ! 146 

04 ;_J90 

06 1 233j‘ 


43 

41 

:: ; 43 

;-«43 


276 


2010 - 

12 !- 
14 
16; 
18 


43 

2020 535 ; ,o 
22 578 4 : 

24 I 621!’:! 
26 ,-664 J! 
28 1-707 4 :j 
2030 -750 42 


79. 


32 

341 8.35 
so878 
38 920 Jjj 

2040! 963 '43 
42 :310% JT, 
44 I 048 JJ 
!—n«n 1” 
42 
42 


46 -091 I 
48 —133'; 


2050 31175 43 
52 -218 42 
54 260.42 

56 302 43 

58 —345 j 42 

2000 —387i 42 
62 —429.42 
64 —47l|42 
66 I 513.42 
68 1 555]42 
2070 597142 
72 —639:42 
74 —681 '42 
76 —723 42 
78 1-765,41 
2080 806'42 

82 ' 848 j 42 
84 1—890 41 
861 93142 
88 j 973 42 
2090 3201517, 
92 j 056 
94 ]—098 
96 ! 139 
98 :—181 


1—2221 
268 42 

306.41 
1-346 41 

387.41 
428 


510; 

—552 


2I00| 

02 
04 
06 
08 

2110 

12 
14 
16 
18 

2120'-634] 41 
22 !—675 14 (j 
24 I 716| 

26 | 756| 

28 : 797I 
2130 -8381 
32 -879 1 


-593! 41 


34 “919! 

36 I 9601 
38 j33001 

2140! 0411 
42 -< 

44 122 

46 1—163! 
48 : 203! 


2150133244:^ 
52 284 JJ 

5,1 -Wig 

58 | 405 


I 

2100 445 

62 —48b 
64 —526 
66 j—566 

68 I—606 


2170 

74 
76 
78 
21 HO 

82 

84 

86 

88 

2190; 

92 

94 

96 

98 

2200 

02 

04 

06 


2210 

12 

14 

16 

18 

22201 

22 

21 


38 

2240| 

42 

44 

46 

48 


—646 
—686 
726 
|—766 
—806 
-846 
885 
925 
965;45 
34005 
014 
084 
—124 
163 
-203 


40 


242 
-282; 
321 
j—361 
—400 
439 
-479 
1—618 
|—557 
596 
635 
G74 
713 
-753 
—792 


35025! 

1-064 

102 i 

-141! 
—180! 


To find Log. 18117 
Log. 18120 = 25816 
I)if. 20 48 

Log. 18100 — 25768 
18117 — 18100 - 17 1 
Under 48 
Dif. for 10 - 24 
“ “ 7 = 17 



50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 


1 

3 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

2 

5 

5 

5 


5 

5 

4 

4 

4 

4 

4 

4 

4 

2 

3 

8 

7 

7 

7 

7 

7 

• 7 

6 

6 

6 

6 

6 

6 

3 

4 

10 

10 

10 

9 

9 

9 

9 

9 

8 

8 

8 

8 

8 

4 

5 

n 

12 

12 

12 

12 

U 

11 

11 

11 

10 

10 

10 

10 

5 

6 

15 

15 

14 

14 

14 

14 

13 

13 

13 

12 

12 

12 

11 

6 

? 

18 

17 

17 

16 

16 

16 

15 

15 

15 

14 

14 

14 

13 

7 

8 

20 

20 

19 

19 

18 

18 

18 

17 

17 

16 

16 

16 

15 

8 

» 

23 

22 

22 

21 

21 

20 

20 

19 

19 

18 

18 

18 

17 

9 
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LOGARITHMS. 


Common op Briggs Logarithms. Base = 10. 


No. 

Log. 

2250 

35218 

52 

-257 

54 

295 

56 

-334 

58 

372 

2260 

-411 

62 | 

449 

64 

—488 

66 

-526 

68 

564 

2270 

-603 

72 

—641 

74 

679 

76 

717 

78 

755 

2280 

793 

82 

-832 

84 

—870 

86 

—908 

88 

—946 

2290 

-984 

92 

36021 

94 

059 

96 

097 

98 

135 

2300 

-173 

02 

—211 

04 

248 

06 

-286 

08 

—324 

2310 

361 

12 

—399 

14 

436 

16 

-474 

18 

511 

2320 

—549 

22 

586 

24 

-624 

26 

—661 

28 

698 

2380 

—736 

32 

-773 

34 

810 

36 

847 

88 

884 

2340 

—922 

42 

-959 

44 

-996 

46 

37038 


48 


—070 


mi. uug. r- 

- ' — I— 

2350 37107!" 


52 

54 

56 

68 

2360| 

62 

64 

66 

68 

23701 

72 
74 
76 
78 

2380j 

82 

84 

86 

88 

23901 

92 

94 


144 

—181 

—218,:’ 

254 


137 
'37 
37 
36 
|37 
291L 
■328; 5: 
365 .' 
401'$ 


-475, 

611 

648 

■585 

621 

1—658 

694 

■731 

767 

803 

840 

876 

912 


2400 

02 

04 

06 

08 

24101 

12 

14 

16 

18 

24201 

22 

24 

26 

28 

2430| 

82 

84 


2440; 

42 

44 

46 

48 


38021 
057 
093 
—180 
166 
202 
•238 
-274 
-3101 
1—346 
-382 
417 
453 
489 
—525! 
—561 
596 
632 
-668 
703 

-789 

-775 

810 


881 


No. 


Log. 5 No. | Log. | g 


2450 38917.77 
52 : 952'™ 
54 987 ,tr ’ 


56 39023 
58 ! 


36 
058'35 

2460'- 094 !:? 
62 1-129 J? 
«-* i m'C 
66 ! 199} - 
68 1—235j 
2470 1 —2701 
72 —305 
74 340| 

76 j 871 


78 

2480! 

82 

84 

86 

88 

2490 


4101 


445 

480 

515 

650 

685 

j—620.. 


92 [-655 
94 j—690 
96 724 


08 

2510 

12 

14 

16 

18 

25201 

22 

24 

26 

28 

2530 


2540 

42 

44 

46 


-933 

967 
40002 
037 
071 
106 
140 
—175 
209 
243 
-278 
312 
346 
1—381 
-415 
449 
483 
•518 
—552 
—5861 


25501 

62 

54 

66 

58 

2560! 

62 

64 

66 

68 

2370, 

72 

74 

76 

78 

2580| 

82 

84 

86 

88 

2590j 

92 

94 


40654 
688 
722 
756 
790 u 


'-KmL 
Sim 


41027 
—061 
!—095| 

i2s:' 


02 

04 

06 

08 

2610i 

12 

14 

16 

18 

2620 

“2 

24 

26 


2640| 

42 

44 


-9601:' 


134 
34 
34 

33 

34 

lfi2 l34 
•i9G 
229 
263 


34 


296 
1—330 
363 
■397 
430 
1—464 
497 
-531 
564 
597 
1-631 
664 1 
697 
1-731 
764 i 
■797 


896 
929 
-9631 


1-062 

095 

127 


No. 


2650 

62 

54 

56 

58 

26601 

62 

64 

66 

68 

2670 1 , 

72 

74 

76 

78 

2680 

82 

84 

86 

88 

2690 

92 


jL«g;!S 

.fc) 

390 00 
■423*] 

455 


96 

98 

27001 

02 

04 

06 

08 

2710| 

12 

14 

16 

18 

2720| 

22 

24 

26 

28 

2730j 

32 

34 

36 

38 

27401 

42 

44 

46 

48 


488; 
-521 
5531 
5861 
-619| 
651 
—684| 
716 
l-749| 
781 


813 , 
i-846 Si 
878 ,5 
—911 
I -943 32 
9751 ^ 
43008 - 

=$1 

,M IS 

136; 
-169 
-201 
-2331 
-265 


-297 
•3291 
-361 
-3931 
-425| 
-457 
—489! 
—521 
-553 
584 
616 
648 
1—680 
—712 
743 
775 
-807 
838 
870 i 
-902j 


To find Log. 23335 
Log. 23340 = 36810 
Dif. 20 37 

Log. 23320 = 36773 
23835 - 23820 = 15 
Under 37 
Dif. for 10 = 19 
“ “ 5=9 

“ “15 = 28 
Log. 23335 = 

86773 4- 28 = 36801. 


39 

38 

37 

36 

35 

34 

33 

33 

31 


2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

4 

4 

4 

4 

4 

8 

8 

3 

3 

2 

6 

6 

6 

5 

5 

5 

5 

5 

5 

3 

8 

8 


7 

7 

7 

7 

6 

6 

4 

10 

10 

9 

9 

9 

9 

8 

8 

8 

5 

12 

11 

11 

11 

11 


10 

10 

9 

6 

14 

13 

13 

13 

12 

12 

12 

11 

11 

7 

16 

15 

15 

14 

14 

14 

13 

18 

12 

8 

18 

17 

17 

16 

16 

15 

15 

u 

14 

a 

20 

19 

19 

18 

18 

17 

17 

18 

16 

16 











To find Ix>g. 29019: 
Ug. 29020 = 46270 
Dif. 20 30 

Log. 29000 = 46240 
29019 — 29000 — ltt. 
Under 30 
Dif. for 10 = IS 
“ “ 9 = 14 I 

* “ 1» = 29 I 


32 

31 

30 

29 

2H 

27 

2 

2 

2 

1 

1 

1 

3 

3 

3 

3 

3 

3 

5 

5 

5 

4 

4 

4 

6 

6 

6 

6 

6. 

5 

8 

8 

8 

7 

7 

7 

10 

9 

9 

9 

1 8 

8 

11 

11 

11 

10 

1 10 

9 

13 

12 

12 

12 

1 11 

1 11 

14 1 

14 

14 

13 

13 

12 

16 j 

16 


li 5 

14 

14 


A dash before 

1 or after a log. de- 

2 notes that its true 
g value is less than 
4 the tabular value 
5; by less than half a' 
gj unit in the last 
71 place. Thus: 

8 Log. 3128- 4962667 
91 3130= 4956448 
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LOGARITHMS. 


Common or Briggs Logarithms. Base = 10. 


No. Log. g 

3650 56229 
52 253 24 

54 -277 24 
56 -301 24 
58 324 23 

3660 348 OJ 

62 -372 24 
64 -396 24 
66 419 23 

68 -443 24 
35701-267 !" 3670 -467 “J 
72 I 291 24 72 490 23 

74 315 24 74 __5i 4 24 

76 -340 2'> 76 -.538! 24 

78 364 24 78 561 23 



23 

3710 037 9A 

12 -961 „ 
14 984 g 

16 57008 - 
18 -031 23 

3720 054 ® 
22 -078 
24 -101 £ 
26 124 2* 

28 -148 24 
3730-171 
32 194 " 

34 217 g 

36 -241 i ; 

38 -264 g 

3740 2871 „ 

42 310! g 

44 “ 334 i m 

46 -357 H 


A dash before 
or after a log. de¬ 
notes that its true 
value is lett than 
the tabular value 
by less than half a 
unit in the last 
place Thus: 

Log. 3490 = 5428254 
“ 3492 — 5430742 







































































































































LOGARITHMS. 


common or Briggs Ios»r)tbnn. Base =• 10. 


log. £ No. log. 3 


iog.|g No. log. 3 


1000 69897. 
05 940;' 


1030 K29! . 


5250 72M6 - 
55 0571 

60 —099 « 
65 -140 41 
70 1K1 4 

75 222 4 

KO 263 41 
85 304 41 

90 —346 42 
95 -387 41 

5300 —428 
05 -469 ’I 
' 10 509 40 


3500 74036 
05 1—0761 40 
10| 115,39 

15 1—135 40 
20 —194 39 
25 233. 39 

30 —273 40 
35 —312 39 
40 —361 39 
45 390 39 

5550 429 19 

55 468 ! 39 


j 0000 77815! S6 


55 76005 - 05 851 

60 042 37 1(1 887 

65 -080,38 15 - 924 

70 —HR; 38 20 -960 S 

75 155 37 25 -990 jS 

JO -193 38 30 78032 - 

85 230 37 35 —068 36 

90 -268; 38 40 —104 , 36 

95 305 37 45 —140 >6 

S8 | 

SHOO —343 ‘ 6050 —17G 

05 380 55 211 1 

10 -418 J5 60 247 

15 —455j; I 65 28.3 

9.0 492 *V. 70 -319 


75 1-544 « 
80 1 586!’“ 
85 6291 *” 


51001 757 a*> 5350 835 .. 5600 -819 

05 —800 T. 65 -876 11 05 —858 3i 


05 1-800 r, 
10 ! 842 Jo 
15 - 885 Jo 
20 -927 
25 ! 969 40 
30 71012 - 
85 l 054 42 
40 1 096 « 
45 |—139 43 

5150-181 ' 

65 ,-223 J- 
60 -265 1“ 
65 307 Jr 

70 349 

75 391 J.“ 

80 -433 
85 j —475 Jr 
90 -517 J5 
95 -559 J: 


65 -876 ’ 
60 916 JV 

65 -957 JJ 

70 997 J, 

75 73038 - 
80 078 40 

85 -119 41 
90 —159 40 
95 199 40 

40 

5400 239 

05 -280 J * 
10 -320 J 
IS -360 
20 -400 7 
26 -440 
30 -480 » 
36 -520 
40 -660 J? 
46 -600 
5450 -640 

66 679 " 

60 719 « 

66 759 ™ 

70 -799 ™ 
75 838 ™ 

80 878 ™ 

85 —918 J o 
90 967, Jo 


10 896.» 

15 —935139 
20 —974 39 
25 75012 
80 —051 39 
35 089 38 

40 —128 39 
45 166 38 

39 

5650 -205 C 
55 243 J® 

60 -282 g 

65 -320 ;g 
70 358 ?° 

75 -397 JJ 

80 -435 

85 473 JJ 

90 511 JJ 

95 549 JJ 

5700 587 „ p ( 

05 -62G JJ 
10 —664 JJ 
15 -702 JJ 
20 -740 JJ 
25 -778; JJ 
on 


30 -6671 g 
35 604! J* 

40 641 J: 

45 67b 3 i 

5850—716 .. 7 
55 -753 Ji 

60 —790 J 7 
65 - 827 U 
70 -864 Ji 
75 -901 
80 -938 U 
85 -975 07 
90 77012 
95 048 

5900 085 

05 —122 Vl 
10 -159. g 
15 195 JJ 

20 2321 J' 

25 —269! JJ 
30 305 JJ 

35 342 J' 

40 -379 J' 

I 46 415 JJ 


70 - 319 i Jr 
75 -355 J® 
80 390 J® 

86 426! J® 

90 -462! J® 
95 497! J® 

6100 —533 
05 —569 JJ 
10 604 JJ 

15 -640 JJ 
20 675 JJ 

25 -711 JJ 
30 746 JJ 

35 781 'JJ 

40 -817 JJ 
45 852 ll 

6150 -888 oc 
55 -923 JJ 
60 958 JJ 

65 993 oc 

70 79029 
75 —064 35 
80 -099 35 
86 -134 35 
90 169 J® 

95 204 35 

6300 239 or 


25 —414 Z 
80 —449 JJ 
85 -484 JJ 
40 6181 JJ 

45 553 JJ 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 



To find Lor. 58636: 

Log 58650 = 76827 
Log. 58600 - 767S0 
IMf. 50 37 

58636 — 68600 = 36 
Under 37 

Dlf. for 10 X 8 = 22.0 
“ “ 6 = 

« “ 36 * 26.4 

Log. 58686 = 

76790 + 26 - 76816 
















To find Log. 63023. 
Log. 63050 - 79969 
Log. 63000 = 79934 
Dif. 50 35 

63023 — 63000 = 23 
Under 35 

Dif. for 10 X 2 = 14.0 
“ “ 3 = 2jl 

" “ 23 = 16.1 

Log. 63023 - 

W34 + 16 =» 79950. 


i 34 33 32 31 30 20 

0.7 0.7 0.6 0.6 0.6 0.6 1 

. 1.4 1.3 1.3 1.2 12 1.2 2 

2.0 2.0 1.9 1.9 1.8 1.7 3 

I 2.7 2.6 2.6 12.5 2.4 2.3 4 

i 3.4 3.3 3.2 3.1 3.0 2.9 5 

! 4.1 4.0 3.8; 3.7 3.6 3.5 6 

> 4.8 4.6 4.5'4.3 4.2 4.1 
5 5.4 5.3 5.1 5.0 4.8 4.6 

1 6.1 5.9 5.8 ' 5.6 5.4 5.2 

) 6.8 6.6 6.4] 6.2 6.0 5.8 


A dash before 
or after a log. de¬ 
notes that its true 
value is lets than 
the tabular value 
by lees than half a 
unit in the last 
place. Thus: 
Log.7400 = 8692317 
“ 7405 = 8695251 
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LOGARITHMS. 


Common or Briggs Logarithms, Base = 10. 



To find Log. 83678: 
Log. 83700 = 92273 
Log. 83650 = 92247 
Dif. 50. 36 

83678 — 83650 = 3* 
Under 36 

Dif. for 10 X 2 = 10.0 
“ “ 8 = 4.2 

M “ 38= 14.2 

■ Log. 83678 -= 

92247 + 14 - 92261. 



30 

38 

37 

36 

35 

24 


1 

0.6 

0.6 

0.5 

0.5 

0.5 

0.5 

1 

2 

1.2 

1.1 

1.1 

1.0 

1.0 

1.0 

2 

3 

1.7 

1.7 

1.6 

1.6 

1.5 

1.4 

3 

4 

2.3 

22 

2.2 

2.1 

2.0 

1.9 

4 

9 

2.9 

2.8 

2.7 

2 .tf 

2.5 

2.4 

5 

6 

3.5 

3.4 

3.2 

3.1 

3.0 

2.9 

6 

7 

4.1 

3.9 

3.8 

3.6 

3.5 

8.4 

7 

8 

46 

4.5 

4.3 

4.2 

4.0 

3.8 

8 

9 

5.2 

5.0 

4.9 

4.7 

4.6 

4.8 

9 

10 

5.8 

5.6 

6.4 

5.2 

5.0 

4.8 

10 


A dash before 
or after a log. de¬ 
notes that its true 
value is lest than 
the tabular value 
by less than half 
a unit in the last 

£ lace. Thus: 

)g. 8825 = 9203842 
“ 8330=8206450 
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GEOMETRY. 


GEOMETRY. 

Llnom, Figure*, SoIUIn. defined. Strictly speaking a geometrical line 

In simply length, or distance. The lines we draw on paper have not only length, hut breadth and 
thickness, still they arc the most convenient symbol we cun employ for denoting a geometrical line. 
Straight lines are also called right lines. A vertical line is one that points 
toward the center of the earth; and a horizontal om, is at right angles to a 
vert one. A plain* figure is merely any fiat surface or area entirely enclosed 
by linen cither straight or curved; which ure called its outline, boundary, cireumf, or periphery. We 
men confound the outline with the fig itself as when we speak of drawing elides, squares, Ac, for 
we actually draw only their outlines. Geometrically speaking, a tig hue length and breadth only; no 

thickness. A solid is any body; it has length, breadth, and thickness. 

Geometrically similar figs or solids, arc not necessarily of the same 
*l*e: hut only of precisely the same shape. Thus, any two squares are, scien¬ 
tifically speaking, similar to each other ; so also auy two circles, cubes, Ac, no matter how different 
thov iua> be in sire When they are not only of the name shape, but of the same nut, they are said 
to he similar, and equal. 

The quantities of lines arc to each other simply as their lengths; but 
.he quantities, or areas, or surfaces of similar figures, are as, or iu pro|H>rtion 
;o, the squares of any oneof the corresponding lines or sides which enclose the 
igures, or which may lie drawn upon them ; and the quantities, or solidities of 
ilrailar solids, are as the cubes of any of the corresponding linos which form 

heir edgCH, or the figures by which they are enclosed. 

Bern.—Simple a* the following operations appear, It is onlv by cure, and good Instruments, that 
‘.hey are made to give accurate results. Several of them can be much better performed bv means of a 
metallic trlaugle having one perfectly accurate right angle In the held, the tape-line,chain, or a 
measuring rod will take the place of the dn Iders and ruler used indoors. 



To divide a given line, a b,inlo two equal parts. 

From Its ends a and h as centers, and with env rad greater than one-half of a b, 
. ff deserilie the arcs c and d, mid join «/. If the hue u h Is t cry long, first luv off 
y equal 'lists a n and 6 </. ench way from the ends, so as t<> approach conveniently 
near to each other, and then proceed an if o g were the line to be divided. Ur 
measure a 6 by a scale, and thus ascertain its oenter. 

> 

To divide a given line, m n, into any 
given number of equal part*. 

From m and n draw any two parallel lines m o and « a, 
to an indefinite dlst, and on them, from maudn step off the 
reqd number of equal parts of any convenient length • final¬ 
ly, join the corresponding points' thus stepped otf. Or only 
one Hue. as mo rant lie drawn and stepped off. as to*; 
then join *n, and draw the other short lines parallel to it. 



To divide a given line, m n, Into two part* which Nhall have 
a given proportion to each other. 

This Is done on the Banie principle as the last; thus, let the proportion be as 1 to 3. First draw 
tut Hue mo; and with any convenient opening of the dividers make mx equal i<> one step; audn* 
:qual to three steps. Join * n: and parallel to it draw x c Then m c is to c « as I Is to 8. 


ANGLES* 

Angle*. When two straight, or right lines meet each other at any Inclina- 
.ion, the Inclination is called an angle; and is measured by the degrees com 
alned in the arc of a circle described from the point of meeting as a center. Since all circles, whether 
arge or imall, are supposed to be divided into 3fi0 degrees, it follows that any number of degrees of b 
mall circle will measure the same degree of inclination as will the same number of a large one. 
When two straight lines, as o n and a 6, meet in such a manner that the inclination o n a is equa> 
o the inclination onb, then the two lines are said to be 
[kerpendie.iilnr to each other; and the angles ona and 
i» 6, are called right angle* ; and are each measd by, or 

xe equal to, 80°, or one-fourth part of the circumf of a circle. Any angle, 

is ced, smaller than a right angle, is called acute or sharp; 
ind one c ef, larger than a right angle, is called obtuse, or 

ilunt. When one line meets another, as in the first Fig on opposite page, the two angles on the 
ame side of either line are called contiguou*. or adjacent. Thus, vus and 
1 w ie are adjacent; also lui and tuw, tut and iuv, tout and wttv. The sum of two adjacent 
.ogles is always equal to two right angles; or to Therefore, if we know the number or do- 
m*i oonulned in one of them, and subtract it from ISOS we obtain the otiw 
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When two straight lines cross each other, forrning four 
angles, either pair of those angles which point in exactly 
opposite directions are called opposite, or vertical 
Angles : thus, the pair * « t and v n w are opposite an¬ 
gles ; also the pair *uo and t u The opposite angles 
of any pair are always equal to each other. 

When a straight line a b crosses two parallel lines c dA 
ef, the alternate angle« which hum a kind of Z nr« 
equal to each rther. Thus, the angles don and onf are^ 
equal as are also con and on e. Also the sum of the 
two internal angles on the same side of a 6, is equal to two 
right angles, 01 180 °; thus, c o n -f o nf — 180°; alas 
do n + one — 180°. 

An interior angle, 


In anv fin. Is any angle formed inside of that fig, by the meet¬ 
ing or tiro of its sides, as the angles c a ft, a b r, ft c a, of this 
triangle All the interior angles or any straight-lined figure of 
any number of sides whatever, are together equal to twice u 
many right angles minus four, as the figure has sides Thus, a 
triangle has 3 sides, twice that number is A; and 6 right angles, 
orb X 90° — 540°, from which take 4 right angles, or 360°; and 
there remain ISO' 1 , which is the number of dogrees in every 
plane, or straight lined triangle. This principle furnishes an 
easy means of testing our measurements of the angles of any 
fig. for If the sum of all our measurements does not agree with 
n given by the rmo, it is a proof that we have committed some orror. 




An exterior angle 

Of any straight-lined figure, is any angle, as a b d, formed hy the meeting of 
any side, as •< ft, with the prolongation of an adjacent aide, as c ft; so likewise 
the angles r « a and ft r »n. All the exterior angles of any straight-liued fig. 
no matter bow many sides it mny have, amount to 360°; but, In the case of 
a re-entenny angle, aN y i j, the interior angle, g i j, exceeds 180°, and the 
"exterior 1 angle, g i x, being = IhO’ — inte.ior angle, is negative. Thua 
oftd-f h r.w + c a « = 8Mi 1 ; and y hj x j t — g »* *J- \ g v = 300°. 
Angles, as a, ft, c, g, It, and j, which point outuiud, are called salient. 


From any Riven point, />, on a line * t, 
to draw a perp, /> a. 

From p, with any convenient opening of the dividers, step 
off the v iuals po.po From o and ohh centers, with any open¬ 
ing greater than half o 0, describe the two short arcs 6 and r; 
and join a p. ()r still better, describe four arcs, and join a y. 


,^c 


Or from p with any convenient scale describe two 
abort area through g and a, either one of them with a radius J, 
and the other with a rad 4. Then from g with rad 5 describe the 
arc ft. Joiupa 


4c 


If the point p if* nt one end of the line, 
or very near it, 

Kxtend the line, if possible, and proceed as above. But if thla 
oannot be done, then from any convenient point, to, open the divid¬ 
ers to p, and describe the semicircle, « p o, through o u> draw o w 
a, join p t. 

Or ufie the liifit foregoing procefw with 

rads A, 4, and 5. 



From a given point, o, to let fall a 
perp o a, to a given line, m n. 

From o, measure to the lino m n, any two equal dlsU.o e, 
• «; and from c and « as oentort, with any opening greater 
than half of c e, describe the two arcs a and ft; join ot. Or 
from any point, as d on the line, open the dividers to o, and 
describe the arc o g ; make i x equal to i o ; and join o x. 




u 
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If the line, a b, is on the ground, 

Ind a perp ia reqd to be drawn from c, Brat meaaure off any two 
ajoal dints, cm , e n. At t* and n, hold the end* or a piece of string, **' 
Ape Hue, or chain, man; then tighten out the string, Ac, as shown 
limn; a being its center. Then will a e be the reqd perp. Or if 
ht perp z x is to be drawn from the end ot the line »i, Brat measure xy 
>pou the line, and equal to three feet, then holding the end of a tape- 
ine at x, and its nine feet mark at y, hold the four feet mark at*, keep¬ 
ing * z and * y equally stretched. Then * * will be the reqd perp, becauae 
1,4, and 5, make the sides or a right-angled triangle Instead of 8,4, and 
i, any multiples of those numbers may be used, such as 6, 8, and 10; or 
>» 12, 16, Ito: also instead of feet, we may use yards, chains, Ac. 



jb 


men 


i *r 

w y i 


I'll rough a given point, a, to draw a 
line, a c, parallel to another line, 

e f. 

With the perp dint, a e, from any point, n, in e/, describe 
tn arc, t; draw « c just touching the arc. 


7 ^ . 


At any point, «, in a line « f>, 
to make an angle r a h, eq ual 
to a given angle, m « o. 

Prom n and a, With any convenient rad, describe 
fee area st.de; measure s t, and make e d equal 
to it; through a d draw a c. 




A 

To bisect, or divide any angle, w x y, into 
two equal parts. 

From x set off auy two equal dista, zr.xs From r aud s with any rad 
describe two arcs intersecting, as at o; and join o x. If the two sides of 
the angle do not meet, as c/ aud g h, either iirat extend them until they 
do meet; or else draw Hues x to, aud xy, parallel to them, aud at equal 
dials from them, so as to meet; then proceed as before. 



All angles, ss n a m, n o m, at the clrcumf of a semicircle, and stand¬ 
ing on its dlam n m, are right angles; or, as it is usually expressed, 

all angles In a semicircle are right angles. 

An angle n s z at the center ot a eircle, Is twice as great as an angle 
nmxtl the circumf, when both stand upon the same are n x. 



All angles, as y d p, y e p, y g p, at the clrcumf of a circle, and Jtanding 
upon the same arc, as y p, are equal to eaoh other; or, as usually expressed, 

all angles In the same segment of a circle are 
equal. 


The complement of an angle Is what it lacks of 90°. Thus, the com. 
plemeut of 80° is 90° - B0° = 10°; and that of 210° Is 1*0° — 210° = - 120°. 
The supplement of an angle Is what it lacks of 180°. Thus, the supple, 
ment of; 80° is 180° — 80° = 100°; and that or 210° is 180° - 210° = - 80°. 
But ordinarily we may neglect the signs -4- and —, before complements ud 
supplements, and oall the complement or an angle tt» dif from 90° • and 
the supplement lta dif from 180P. 
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Angle* In a Parallelogram. 

A parallelogram isany four-sided straight-lined fig¬ 
ure whose opposite sides are equal, as abed; or a 
square, Ac. Any line drawn across a parallelogram 
between 2 opposite angles, is called a diagonal, as a c. 
or bd. A diag divides a parallelogram into two equal 
parts; as does alao any line m v drawn through the 
center of either diag; and moreover, the linetn n 
itself is div into two equal parts by the diag. Two 
® c diags bisect each other; they also divide the parallel¬ 

ogram into four triangles of equal areas. The sum 
of the two angles at the ends of any one side is = 180°; thus, do M abc = abc + 
bed — 180°, and the sum of the four angles, (/ a ft, a ft <*, b c d, e d a = 360°. 

The mini of the squares of the four sides is equal to the sum of the squares of th# 
two diags. 

To reduce Minutes and Seconds to Degrees and decimals 
of a Degree, etc. 

In any given angle— 

Number of degrees = Number of minutes 80. 

= Number of seconds -i- 3000. 

Number of minntes = Number of degrees x 60. 

= Numbei ot seen nils — (SO. 

Number of seconds = Numlsu of degrees < 3600. 

= Number ol minutes a 00. 



Table of Minutes and Seconds in Decimals of a Degree, 
and of Seconds in l>eeimals of a Minute. 

*. 

(The columns of Alms and Degs answer equally for Secs and Mins.) 

Mins. Deg. j Mins. Deg. | Mins. Deg jj Secs. Deg. | Secs. Deg. j Sees. Deg. 


In each equivalent, the last digit repeats indefinitely. See * below 


1 

0 '*16 

21 

0.350 

41 

0.683 

1 

0.00027 

21 

0.00583 

41 

0.01138 

2 

0.033 

22 

0.366 

42 

0 700 

2 

0.00055 

22 

0.00611 

42 

0.01166 

3 

0 050 

23 

0.383 

43 

0.716 

3 

0.00083 

23 

0 00638 

43 

0.01194 

4 

0 066 

24 

0.400 

44 

0.733 

4 

0.00111 

24 

0.00666 

44 

0.01222 

5 

0.083 

25 

0416 

45 

0.750 

5 

0.00138 

25 

0.00694 

45 

0.01250 

6 

0.1(H) 

26 

0.433 

46 

0.766 

6 

0.00166 

26 

0.00722 

46 

0.01277 

7 

0 1U» 

27 

0.450 

47 

0 783 

7 

0.00194 

27 

0.00750 

47 

0.01305 

8 

0.133 

28 

0.466 

48 

0.800 

8 

0 00222 

28 

0.00777 

48 

0 01333 

9 

0.15(1 

29 

0 483 

49 

0.816 ! 

a 

0.00250 

29 

0.00805 

49 

0 01361 

10 

0 . lf.fi 

: 30 

0.500 

50 

0.833 j 

10 

0 00277 

30 

0 00833 

50 

0 01388 

11 

0 183 

31 

0.516 

51 

0.8,50 ! 

u 

0 00305 

31 

0.00861 

51 

0.01416 

12 

0 200 j 

! 32 

0.533 : 

52 

0.866 ; 

12 

0.00333 

32 

0.00888 

52 

0.01444 

13 

0.216 i 

33 

0.550 | 

53 

0.883 | 

! 13 

0.00361 

33 

o mi 6 

53 

0.01472 

14 

0.233 | 

34 

0.566 ! 

54 

0.900 

14 

0 00388 

34 

0.00944 

54 

0 01500 

15 

0 250 

35 

0.583 ; 

<>.i 

0.916 1 

i 1-5 

0 00416 

35 

0 00972 

55 

0.01527 

16 

0.266 ' 

i 

0 600 

56 

0.933 

16 

0 QQ444 

36 

0.01000 

,56 

0.01555 

17 

0.283 

37 

0.616 

57 

0.950 

17 

0.00472 

37 

0.01027 

57 

0.01583 

18 

,1.300 

! 38 

<1.633 

58 

0.906 

n is 

0 00500 

38 

0.01055 

1 58 

0 01611 

19 

0 310 

I 39 

0.650 

59 

0.983 

! 19 

0 00527 

39 

0.01083 

! 59 

0.01638 

20 

0.333 

1 40 

0.666 

60 

1.000 

1 20 

0.00555 

40 

0.01111 

60 

0.01666 

Secs. 

Min. 

jSecs. Min. 

Secs. 

. Mill. 

|| Secs 

• l-’eg. 

| Secs. Deg. 

j Secs. Deg. 


* Each equivalent is a repeating decimal, thus: 

2 minutes = 0.0333333 .... degree 1 12 seconds = 0.2000000 .... minute 

7 “ — 0.1160000 ... u I 1 second - 0.0002777 . . . .degree 

12 “ «. 0.2000000 .... “ SO seconds - 0.0138888 .... 
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ANGLES. 


Approximate Measurement of Angles. 

(1) The four fingers of the hand, held at right angles to the arm and 
at arm's length from the eye, cover about 7 degrees And an angle of 7° corre 
gponds to about 12.2 feet in 100 feet; or to 36 6 feet in 100 yards; oi to 645 feet in a 
mile. 

(2) By means of a two-foot rule, either on a drawing or between dis¬ 

tant objects in the field. If the inner edges of a common two-foot rule he opened 
to the extent shown in the column of inches, they will be inclined to each other 
jt the angles shown in the column of angles Since an opening of % inch (up 
to 19 inches or about 165°) corresponds to from about ]A° to 1°, no great accuracy 
is to be expected, and beyond 105° still less, for the liability to error then in¬ 
creases very rapidly as the opening becomes greater Thus, the last ^ inch cor¬ 
responds to about 12°. % 

Angles for openings intermediate of those given may be calculated to the 
nearest minute or two, by simple proportion, up to 23 inches of opening, or 
about 147°. 


Table of Angles correspond luff to openings of a 2-foot rule. 

(Original). 

Correct. 


Jna. 

Deg nnu.l 

Ilia. 

Deg. m!n.| 

Ins. 

Deg min. 

Ins. 

Deg.min.l 

Ins. 

Deg.min.l 

Ins. | 

Deg min. 

x 

1 


*x 

20 

24 

8* 

40 

IS 

VX 

61 

23 

lb>* 

85 

14 


115 

5 





40 

61 

62 













37 

X 

41 

29 

X 

62 

47 

X 

86 


X 










42 

7 

63 

28 







X 




SB 

50 

X 

42 

46 

X 

64 

11 

X 

88 


X 


40 







43 

24 


64 

63 













9 

44 

3 

13 

66 

33 

17 

90 



122 









44 

42 


66 

18 


91 





x 



x 


16 

X 

45 

21 

X 

67 

1 

X 

91 


X 




34 




43 

59. 


67 

44 




X 



X 




26 

30 

X 

46 

38 

X 

68 

28 

X 

93 








7 


47 

17 

69 

12 







y* 



X 


44 

X 

47 

56 

X 

69 

55 

X 

95 


x 


5» 

g 




21 

48 

33 


70 

38 


96 











49 

13 

14 

71 

22 






u 





29 

35 


49 

64 


72 

6 


98 

5 








30 

11 

X 

60 

34 

X 

72 

61 

X 

99 


X 












73 




55 







X 

31 

26 

X 

61 

63 

X 

74 

21 

X 

100 


X 










S3 


75 







61 





82 

40 

X 

53 

13 

X 

75 

31 

X 

102 


X 









63 


76 





23 


46 






54 


54 

34 

15 

77 

22 

19 

104 












14 


78 

8 




X 


5H 




X 

85 

10 


55 

65 

X 

78 

64 

X 

106 










66 

36 

79 

40 




X 



X 

16 

46 

X 

36 

25 

X 

57 

16 

X 

80 

81 

27 

14 

X 

109 

43 

159 

44 






41 

X 

58 

38 

X 

82 

2 

X 

no 


X 









69 

19 


82 

49 




24 







38 

67 


60 

00 

16 

83 

37 

20 






ia 

48 


39 

36 


60 

41 


84 






_ 

_ 


the given point measure Yljr.tt toward* each object, and place marks. Measure 
the distance in fett between t hese marks. Suppose the hrst column in the table to 
be fett instead of inches. Then opposite the distance mfeel will be the angle. 

foot — 1.5 inches. 

1 in. — .083 ft. ! 4 ins. * .333 ft. I 7 ins. = 583 ft. I 10 ins =* .833 ft. 

2 ins. — .167 ft. 5 ins. = .416 ft. 8 ms. = .667 ft. 11 ins = .917 ft. 

3 ins. = .25 ft I 6 ins. -= .5 ft. I 9 ms. - .75 ft. I 12 ins. - 1 0 ft. 

(4) Or, measure toward * each object 100 or any other number of 

feet, and place marks. Measure the distance in feet between the marks. Then 

Sine of half half the dis tance between the marks__ 

the angle ** the distance measured toward one of the objects 

Find this sine in the table pp. 98, etc.; take out the corresponding angle and 
multiply it by 2 

(5) See last paragraph of foot-note, pp 152 and 153.____ 


* If «t Sa inconvenient to measure toward the ohieots. measure directly from therv 
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PLANE TEIGONOMETEY. 


For illustrations, seep97</. 


1. Usual measure of angles. If a circle lie divided into 360 equal 
ires, each of these arcs, or the angle at center, subtended by it, is called a 
decree (°). Each degree is sulxiivided into 60 minutes (') and each 
minute into 60 seconds A right angle is an angle of 90°. 

2. Circular measure of angles. The arc whose length is equal 
to the radius, or the angle at center subtended by such arc, is called a 
radian. Since the semi-circumf (see p 161) is = » X radius =» it radians 
=» 180°, we have 

1 radian - ~ 80 ° - - 57.2957795...°. Log - 1.758 1226. 

ir o.l’iloy-r 

1 degree = 0.017 4S3 292 S20 radian;) 

1 minute = 0 000 290 888 209 radian; V see table, p 185. 

1 second = 0.000 004 848 137 radian;) 

3. Ratio of arc to radius. In any angle, the length of the arc, in 
terms of the radius, may be called the arc of the angle. Thus, in Figs 1* 
and 3*. arc A — ZB / OZ. For other angular ratios, see HU 6 and 10. 

4. Positive and negative angles. In Fig 1*, suppose a radius, as 
0Z, to sweep around the whole or part of the circle to the It ft or counter - 
clockwise, as indicated by the arrow. Angles or arcs, as ZB, BC, ZBC, 
(7 DR, ZBCDE, thus described, are considered positl% r e, eg, arc ZBCDE 
= -t-280 3 ; while angles described by a radius travelling in the opposite or 
clockwise directum, as ZE, EDC, ZEDCB, are considered negative, e g, 
arc ZE - -80°. 


5. Complement, Supplement, etc. For any angle, A, we have: 
complement A = 90® — A ; supplement A = 180° — A ; 

explement A = 360® — A. See H 7. 

6 . Angular functions, or angular ratios, are the ratios between 
the sides of a right-triangle, Fig 2*. The principal ratios of an angle, A, are 
the sine (sin A), cosine (cos A), tangentf (tan A), cosecant (esc A,) 
secant (sec A), and cotangent (cot A or ctn A). For other ratios, »ee 
HU 3 and 10. 


Cos A «= — 


Tan A = 


a 

opposite side. 

CHC A - 1 

c — 

hypotenuse . 

c 

hypotenuse 

sin A 

a 

opposite side' 

1 = 

adjacent side. 

see A 0 ^ 

e 

m hypotenuse 

c 

hypotenuse ’ 

cos A 

" b 

adjacent side 

a 

b “ 

opposite side 
adjacent side’ 

cot A - — L_ 

tan A 

. A 

-a 

adjacent side 
opposite side 


7. If we represent the denominator, in each of the ratios of If 6 , by a lino 
of unit length, then the length of the lino representing the numerator 
Rives the value of the ratio. Thus, in Fig 3*, let radius OB = 1, angle 
ZOU = 90°, ZOB = any angle, A, and let MB and ZB' be perpendicular 
to OZ. Then: 


sin A =» MB ; cos A =» OM = U'B; tan A » ZB'; 
esc A - OB"; sec A « OB'; cot A - UB*. 

The sine (etc), thus expressed, was formerly called the natural sine 
(etc), or sine (etc) to radios 1. 

Note that 


cos A =» sin (90° — A) =» sin (complement A) 

cot A — tan (90° — A) =* tan (complement A) 

esc A — sec (90° — A) »= sec (complement A). 

See t 13. 


♦ For illnstratlons. see p 97 d. 

t This use of the word “tangent” was suggested by its use in geometry 
vhere it denotes any line touching a curve without intersecting it. In thr 
location of railroad curves, the name “tangent” is often given to the “ape* 
•stance, which is the trigonometrical tangent of half the curve. 
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8 . Positive and negative signs. Fig 4*. Suppose the circle 
divided into four quadrants, 1, II, III and IV, beginning on the right of and 
above the center, and progressing to the left, or counter-clockwise. Then, 
vertical or horizontal lines, measured upward from, or to the right of, the 
horizontal and vertical diameters, respectively, are considered positive; 
while such lines measured downward from, or to the left of, the same diams, 
are considered negative; but the radius, in whatever quadrant it may lie, 
is always considered pos when measured from the center outward. lienee, 
Sine (and cosecant) positioe in upper quadrants; 

Cosine (and secant) “ “ noht-hand 

Tangent (and cotangent) “ " first and third “ or: 

In quadrant I II III IV 

Including angles from 0° to 90° 90° to 180° 180° to 270° 270° to 300° 
Sine and cosecant + + — 

Tangent and Cotangent + — + — 

Secant and Cosine + — — + 


». Numerical value* of function* of certain angle*. 



■a 

Tig 

ES 

SIM 

iia 


EDS 


KM 

Sine 

D 

1 

2 

|V2 


i 


m 

B 

D 



3H 

a 

E 

El 

-v» 

0 

CO 

H 


a 





fl 

fl 

00 

1 

Cosine 

a 



B 

a 

B 

B 

a 

1 > 

Sine 2 


a 


H 

D 

B 


B 

0 



H 



a 

B 

fl 

B 

0 

■ 

n 

H 

n 

a 

H 


fl 

CO 

i 

Cosine 2 

a 

H 

□ 

H 

0 

B 

B 

0 

l 


For equations between angular functions, see <H[ 14 to 19. 

10. Oilier Function*. See also 1HI 3 and 6. 

In Fig 3*, BN ~ chord 2 A « 2 sin A ; and chord A = 2 sin (A/2).* 
The versed Nine, MZ, Fig 3, of an angle, A, is vers A =» I — cos A. 
It is much used in connection with the location of railroad curves. 

The cover*ed sine (covers), (J'U, = 1 — sin A, Fig 3. of an angle, 
A, is the versed sine of the complement, BOU, of A. 

By their definitions, vers A <— 1 — cos A) and covers A (=> 1 — sin A) 
are always pos. In the 4 quadrants, Fig 4*. their values change as follows: 
Quadrant I II III IV 

Including angles from 0° to 90° 90° to 180° 180° to 270° 270° to 360° 
Versed sine Otol lto2 2tol ItoO 

Coversed sine 1 to 0 0 to 1 1 to 2 2 to I 

The external secant (exsec) B B\ Fig 3, of an angle, A, =* sec A — 1. 
Like the versed sine, it is used in the looation of railroad curves. 


* For illustrations, see p 97 d. 
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Table of sines, tans, cotans, cosines. 

For logarithmic sines, etc., see pp 143 a, etc. 

11. Table of Natural Angular Ratios. The table, pp 98-142, 

ontains the natural sines, tangents, cotangents and cosines of angles from 
i° to 90°, progressing by single minutes. Functions for intermediate angles 
an be found, in nearly all cases, with sufficient approximation, by simple 
iropurtion. For functions not given in the table, we have : 
lecant A — 1/cos A; Versed sine A = 1 — cos A; 

Josecant A *» 1/sin A; Coversed sine A = 1 — sin A; • 

Jhord A = 2 sin (A/2); External secant A = sec A — 1 = (1/cos A) — 1. 

12, Angle as function of ratio. The urc (or angle) whose sin, 

an, etc, is J, is called, by continental writers, arc sin /, arc tan /, etc, or 
.nti-sin /, anti-tan/, etc, and, by English writers, sin ~ 1 f, tan ~ 1 /, eta 

Thus, let A => the angle; /' = sin A ; f* = cos A. 'I'hen 
A = arc sin/' = anti-sin/' = sin -1 /' 

— arc cos/" = anti-cos/" <= cos*" 1 /"* 

Example. Let A =*» 30° Then J' == sin 30° = 0.5; J" ~ cos 30° ■■ 
(.866..., and 

30° = arc sin 0.5 ■= anti-sin 0.5 = sin *“ 1 0.5 

«= arc cos 0.866... = anti-cos 0.S66... = cos ~ 1 0.866.., 


Functions of Supplements and Complement*. 

IS. Putting A “ any angle, and F = “any (rig function of,” wc have the 
allowing convement rules, see Fig 5: (For vers and covers, see p 97a, 1| 10.) 
’’ f ± A J (ah even multiple of 90°) 1 numerically =■ same function of A; 

'T i A t (an odd multiple of 90°) I numerically — co-named function of A; 
he sign being determined, m each case, by considering the quadrants in 
riuch the angles lie. (See II 8.) Thus, numerically. 

Im A - sin (180° + A) = sin (180° — A) — sin (A — 180°) 

c< j ( 90° + A) =- cos ( 90° — A) = cos (.1 — 90°); 

los A = cos (180° + A) = cos (180° — A) — cos (A — 180°) 

— sin ( 90° + A) = sin ( 90° — A) - bid (A — 90°); 

’an A =■ tan (180° + A) = tan (180° — A) ■= tan (A — 180°) 

= cot ( 90° + A) = cot ( 90° — A) =■ cot (A — 90°). 

Properties of the trigonometric functions. Figs tt, 7, 8. 
14. For any angle. A, we have : 

fan A = si - 4 5 sin® A + cos 2 A — 1; 

cos A * 


1 + tan 2 A => sec 2 A ; 
_ 1 cos A # 

sin A ’ 


1 + cot 2 A 

1 


esc 2 A ; 

«: 1 „ aec A 

sin A *” tan A ‘ 
tan A ; and 


sot A =■ ; sec A =» —~ ; esc A 

tan A sin A cos A 

From Fig 4, sin (—A) — — sin A ; tan (—A) =» — 
ns l—A) =• cos A. 

15. For any two angles, A and B, it may be shown that 
sin (A + B) *** sin A . cos B + cos A . sin B ; 
and cos (A + B) = cos A. cos B — sin A . sin B ; 

rhence, dividing by C< —~4 j > we obtain 

cos A . cos B 


tan (A + B) 


sin (A + B) ^ tan A + tan P 
cos (A + B) 1 — tan A tan B * 
10. Putting A = B. in the formulas for (A ■+• B), we have 
sin 2 A - 2 sin A.cos A; 

cos 2 A - cos 2 A — sin 2 A - 1 — 2 sin 2 A - 2 cos 2 A — 
a a 2 tan A 
tan 2 A = - —— ,r—; • 

1 — tan 2 A 

md, changing B to —B, we have 


sin (A - B) 
cos (A — B) 

tan (A — B) 


sin A . cos B — cos A . sin B ; 
cos A . cos B + sin A . sin B : 

tan A — tan B 
1 + tarn A . tan B * 


is 
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17. Since cos 2 A = 1 — 2 sin 2 A^we_have : (putting A/2 for A) 
cos A — 1 — 2 sin 2 ^ I or sin ^ ; aiul, since cos 2 A «■ 

2 cos 2 A — 1, we have 2 cos 2 ~ = cos A + I, or cos ^ * j£ 

and hence Ian £ si » ^ [ l>_« / = Lr “* 1 « - -> -* 4 - y . 

2 cos A/2 \ i + cos A 810 1 + cos A 

1H. Formula* transforming u Hum or difference into a 
product. Combining the formulas for sin (A +. B) and cos (A ± if), we 
nave, finally: 

. . . r , „ A + /? A — />* 

am A + sm /» =• 2 sin ^ . cos - ^ - 


; and, since cos 2 A 


sin A — sin .R --=* 2 sin 


cos A + cos B ■ 


cos A — cos B • 


. A + B A - 
2 cos g . cos ^ 

„ . A + B . A - 
—2 sin - 2 - ' Sin *> 


See also U 20, for formulas used in solution of triangles. 

19. Any function of an angle may be expressed in term* of any 

other. Thus, Figs 6 , 7, 8 : 


in terms of the sine: 
cos 2 A =» 1 — sm 2 A 
sin A 

tan A = — r = - 

cos A i 


hence, cos A 
sin A 


cos a yi— sm 2 A 

. l 1 

sec A *- 7 =* — r— — —, 

“» A V 1 — li« ! /I 

in terms of the tangent : 

sec 2 A = 1 + tan 2 A ; hence, sec A => y^l + tan 2 A ; 

. 1 1 

cos A = - 

sec A y i + tan 2 .1 

. . tan A tan A 

sin A = 

** A l/l + tan 2 A 

20. Formula* used in the solution of triangle*. Fig £ 


a, b, c be the sides of any plane triangle, and A, B, C the angles opposite 
a, b, c respectively. Then 

sin A _ a . See also pp 148 to 156. 

ain B “ V See Case 2, p 150. 

a 2 „ L 2 + c 2 — 2b c cos A ; A 

A — B a — b A + B y/f 

. A r , a+fe + c fu 

ten 2 “ r--^ ; where 8 " • 2 : / 




— o) (* —1>) (« — c) 


radius of inscribed circle. 

a b sin C 

2 ' " f8 " 
sin A sinCjb 2 
“ 2 ain B 


Fig. ». 

l/« (• — d) (*-—&)(• — c) 


Area of the triangle 








Table of - 

Natural Sines, Tangents, Cotangents 
and Cosines. 


Pages 98 to 142. 



TABLE OF SINES, TANGENTS, COTANGENTS AND COSINES. (For logarithmic sines, eie. see pp 143a el 
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Tables of 

Logarithmic Sines, Cosines, Tangents 
and Cotangents, 

with Introduction. 

(55 pages in all.) 
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143 a logarithmic trigonometric functions. 

LOGARITHMIC TRIGONOMETRIC FUNCTIONS. 

(Logarithms of trigonometric ratios.) 

nt, etc. (log rin, log t 
tang, etc., of the arc. I hi 


iui: 


/hi The 4 ‘ logarithmic ” elne, tangent, 

eto ) of an arc ia the logarithm of the natural am, tai 

CES 

- 9.779 463 — 10. 

In table., in order to avoid ;»»'bM™«?ndi™W = 

9 779 4fi3—10) w used; but the — tu w onuivpu, 

♦ TWO TABLES. 

W. give two table, of logarithmic trigonometric function., vi.: s 
“ main table,” PP «3 ! to 146 6 
and a 

“ npeelal table,” pp 143 c to 143 k. . 

The main table give theee function. Cor eaeb minute of tbo 

See 111 7 to 9. „ „ 

Main Table. 

(2) Tbe main table, pp. 143 i to 1456, give., to 8 decimal plaew. the 
log sin, log cos, log tan and log eott 
of the arc for each minute of the quadrant, or from 0° O' to 89" 60' (90 ). 

titles at the feet of the columns. 

FxamDle, to find log sin 7° 34'. At head of page [143«] on the 
. (•> Exampm.to find iog 2 Co ; S2” 26'. Atjf?ot£P^cjl43.] 

«)° For ores between 90” and 180°, we have the relation.: 

t:: o - £ »=Si a: - 8 - a p - « 

0 , Fo*<fe^n left or r't (reap) of page, me I eftor r't handlWj«]v 
For defc at top or ft (rep) of page, use headgs at top or it (reap) of page. 

t Secant a — —log sec a - 0 — log coe a. Cloaecaut a - ^ a • 
log cosecant a — 0 — log sin a. 



LOGARITHMIC TRIGONOMETRIC FUNCTIONS. 1436 


(7) For ores intermediate of tbose riven in the main 
table (pp 1431 to 146 b); if the arc is not between 0° and 2°, or between 88* 
and 92®, or between 178° and 180° (seeflj 8 and 9), interpolate, by 
means of the column headed D.l* (difference of function for 1 second of 
angle), as in the following examples : 


Given 

Required 

Table gives 
D.l* - 16.87, 
and 9.118 567 = 

Result. 

H 

sin a 

:os a 

a 

a 

log sin 7° 33' 0* 

log cos 82° 27' 0* 

log sin 7° 33' 0* 

log cos 82 c 27' 0* 

9.118 567 + 12 D. 1* = 9.118 757; 

,9.118 667 -f 12 D.l*= 9.118 757; 

7° 33' 0* + ~~ - 7° 33'12*; 

82° 27' 0*— — 82® 26' 48* 


Special Table, pp. 143 c to 143 k. 

(S') For the log sin, tan, cot, of ares from 0° 0' to 1° 6(y (2? O'); and 
for the log cos, cot, tan, of arcs from 88° 0' to 89° 60' (90° O'); the differ¬ 
ences, between successive logs, vary bo rapidly that the use of the column 
D. 1", with intervals of 1 minute between tabular arcs, would give insuffic¬ 
iently accurate results. 

(9) For such cases we give the special 0-place table, pp. 143 < 
to 143fc, with smaller intervals between arcs, vis: 


for arcs from 

interval 

pages 

0° 0' to 0° 18' 

1 second 

143 c-e 

0° 18' to 0° 30' 

3 seconds 

143 /-0 

0° 3O' to 0° 40' 

6 M 

143 h 

0° 40' to 0° 60' 

10 " 

143 j 

1° 0' to 1° 60' 

30 ** 

143 k 


(10) Tangents of angles near 90°, and cotangents of anglef 
near 0°, are not given in the special table; but we have : 

log tan a = 0 — log cot a ; log cot o = 0 — log tan o. 

(11) With functions to only five decimal places, we have : 

in arcs from 0° to 0° 18' ; log sin a = log tan o = 0 — log cot o : 

•• " “ 89° 42' to 90° ; log coa a = log cot a = 0 — log tan a. 

(12) For arcs from 0° O' to 0° 18' (1 second intervals) of course nt 
interpolation is required for whole seconds. For the other angles, namec 
above, the greatest error, due to interpolation, is less than 1 in th« 
6th place. In the main table, log sin 2° 0' 30", the error, due to interpo¬ 
lation, is nearly 0.4 in the 5th place. 

Examples of interpolation in use of special table. 

,-Table gives-- 

log sin 1° 48' 30" - 8.49 908 
log sin 1° 48' 0 " - 8.49 708 
diffs 0° 0' 30* ' 0.00 200 

Rflflult - log Bid a - 8.49 708 + X 200 - 8.4^775. 


Giver, a — 1° 48' 10* 
Required, log sin a 


-Table gives- 


Given, log sin a — 8.49 775 ) 8.49 908 *• 
Required, a J 8.49 708 — 

diffs 0.00 200 

Result - a - 1° 48' 0* + |~ X 30* - 


log sin 1° 48' 30* 
log sin 1° 48' 0* 
0° 0' 30* 

1° 48’ 10*. 


* 9.118 757 - 9.118 567 = 0.000190. 
f67 - 8.49 775 — 8.49 708. 







LOGARITHMIC SINES, ETC. 


143 c 





_ 

0° 

0' 

1' 

2' 

3' 

4' 

5' 


0* 

—00 

6.46373 

6.76476 

6.94085 

7.06579 

7.16270 

rrrj 

r 

4.68557 

6.47090 

6.76836 

6.94325 

7.06759 

7.16414 

59" 

2" 

4.98660 

6.47797 

6.77193 

6.94565 

7.06939 

7.16558 

58" 

y 

5.16270 

6.48492 

6.77548 

6.94803 

7.07118 

7.16702 

57" 

r 

5.28763 

6.49175 

6.77900 

6.95039 

7.07296 

7.16845 

56" 

5* 

5.38454 

6.49849 

6.78248 

6.95275 

7.07474 

7.16987 

55" 

6" 

5.46373 

6.50512 

6.78595 

6.95509 

7.07651 

7.17130 

54" 

7" 

5.53067 

6.51165 

6.78938 

6.95742 

7.07827 

7.17271 

53' 

8" 

5.58866 

6.51808 

6.79278 

6.95973 

7.08003 

7.17413 

52" 

9" 

5.63982 

6.52442 

6.79616 

6.96204 

7.08177 

7.17553 

51* 

nr 

5.68557 

6.53067 

6.79952 

6.96433 

7.08351 

7.17694 

50" 

n* 

5.72697 

6.53683 

6.80285 

6.96661 

7.08525 

7.17834 

49" 

12" 

5.76476 

6.54291 

6.80615 

6.96888 

7.08698 

7.17973 

48" 

13" 

5.79952 

6.54890 

6.80943 

6.97113 

7.08870 

7.18112 

47" 

14" 

5.83170 

6.55481 

6.81268 

6.97338 

7.09041 

7.18250 

46" 

lb" 

5.86167 

6.56064 

6.81591 

6.97561 

7.09211 

7.18389 

45" 

lb" 

5.88969 

6.56639 

6.819U 

6.97783 

7.09381 

7.18526 

44* 

17" 

5.91602 

6.57207 

6.82230 

6.98004 

7.09551 

7.18663 

43" 

18" 

5.94085 

6.57767 

6.82545 

6.98224 

7.09719 

7.18800 

42" 

19" 

5.96433 

6.58320 

6.82859 

6.98443 

7.09887 

7.18937 

41" 

20" 

5.98660 

6.58866 

6.83170 

6.98660 

7.10055 

7.19072 

40" 

21" 

6.00779 

6.59406 

6.83479 

6.98877 

7.10222 

7.19208 

39" 

22" 

6.02800 

6.59939 

6.83786 

6.99093 

7.10388 

7.19343 

38* 

23" 

6.04730 

6.60465 

6.84091 

6.99307 

7.10553 

7.19478 

37* 

24" 

6.06579 

6.60985 

6.84394 

6.99521 

7.10718 

7.19612 

36" 

2b" 

6.08351 

6.61499 

6.84694 

6.99733 

7.10882 

7.19746 

35" 

26" 

6.10055 

6.62007 

6.84993 

6.99944 

7.11046 

7.19879 

34" 

27" 

6.11694 

6.62509 

6.85289 

7.00155 

7.11209 

7.20012 

33" 

28" 

6.13273 

6.63006 

6.85584 

7.00364 

7.11371 

7.20145 

32' 

29" 

6.14797 

6.63496 

6.85876 

7.00572 

7.11533 

7.20277 

31" 

30" 

6.16270 

6.63982 

6.86167 

7.00779 

7.11694 

7.20409 

30" 

31" 

6.17694 

6.64462 

6.86455 

7.00986 

7.11854 

7.20540 

29" 

32" 

6.19072 

6.64936 

6.86742 

7.01191 

7.120J4 

7.20671 

28" 

33* 

6.20409 

6.65406 

6.87027 

7.01395 

7.12174 

7.20802 

27" 

34' 

6.21705 

6.65870 

6.87310 

7.01599 

7.12333 

7.20932 

26* 

35" 

6.22964 

6.66330 

6.87591 

7.01801 

7.12491 

7.21062 

25" 

36* 

6.24188 

6.66785 

6.87870 

7.020P3 

7.12648 

7.21191 

24" 

37" 

6.25378 

6.67235 

6.88147 

7.02203 

7.12805 

7.21320 

23' 

38" 

6.26536 

6.67680 

6.88423 

7.02403 

7.12962 

7.21449 

22" 

39" 

6.27664 

6.68121 

6.88697 

7.02602 

7.13118 

7.21577 

21" 

40" 

6.28763 

6.68557 

6.88969 

7.02800 

7.13273 

7.21705 

20" 

41" 

6.29836 

6.68990 

6.89240 

7.02997 

7.13428 

7.21833 

19" 

42" 

6.30882 

6.69418 

6.89509 

7.03193 

7.13582 

7.21960 

18" 

43" 

6.31904 

6.69841 

6.89776 

7.03388 

7.13736 

7.22087 

17" 

44" 

6.32903 

6.70261 

6.90042 

7.03582 

7.13889 

7.22213 

16" 

4b" 

6.33879 

6.70676 

6.90306 

7.03776 

7.14042 

7.22339 

15' 

46" 

6.34833 

6.71088 

6.90568 

7.03968 

7.14194 

7.22465 

14" 

47" 

6.35767 

6.71496 

6.90829 

7.04160 

7.14346 

7.22590 

13" 

48" 

6.36682 

6.71900 

6.91088 

7.04351 

7.14497 

7.22715 

12" 

49" 

6.37577 

6.72300 

6.91346 

7.04541 

7.14647 

7.22840 

11" 

50" 

6.38454 

6.72697 

6.91602 

7.04730 

7.14797 

7.22964 

10" 

51" 

6.39315 

6.73090 

6.91857 

7.04919 

7.14947 

7.23088 

9* 

52" 

6.40158 

6.73479 

6.92110 

7.05106 

7.15096 

7.23212 

8" 

53" 

6.40985 

6.73865 

6.92362 

7.05293 

7.15244 

7.23335 

7" 

54" 

6.41797 

6.74248 

6.92612 

7.05479 

7.15392 

7.23458 

6" 

55" 

6.42594 

6.74627 

6.92861 

7.05664 

7.15540 

7.23580 

5" 

56* 

6.43376 

6.75003 

6.93109 

7.05849 

7.15687 

7.23702 

4" 

57" 

6.44145 

6.75376 

6.93355 

7.06032 

7.15833 

7.23824 

3' 

58" 

6.44900 

6.75746 

6.93599 

7.06215 

7.15979 

7.23946 

2" 

59" 

6.45643 

6.76112 

6.93843 

7.06397 

7.16125 

7.24067 

1" 

60" 

6.46373 

6.76476 

6.94085 

7.06579 

7.16270 

7.24188 

O" 


_58K_ 

58' 

57' 

56' 

55' 

54' 

89* 


Log coitne - Log cotangent - 0 - Log tangent. 







logarithmic sines, etc. 


14 3d 


0* 

7.24188 

7.30882 

7.36682 

7.41797 7.46373 

7.50512 

60" 

1" 

7.24308 

7.30986 

7.36772 

7.41877 

7.46445 

7.50578 

59* 

2" 

7.24428 

7.31089 

7.36862 

7.41957 

7.46517 

7.50643 

58' 

3" 

7.24548 

7.31191 

7.36952 

7.42037 

7.46589 

7.50709 

57" 

4" 

7.24668 

7.31294 

7.37042 

7.42117 

7.46661 

7.50774 

56" 

5" 

7.24787 

7.31396 

7.37132 

7.42197 

7.46733 

7.50840 

55" 1 

6" 

7.24906 

7.31498 

7.37221 

7.42277 

7.46805 

7.50905 

54' 

V 

7.25024 

7.31600 

7.37310 

7.42356 

7.46876 

7.50970 

53" 

8* 

7.25142 

7.31702 

7.37399 

7.42435 

7.46948 

7.51035 

52" 

9" 

7.25260 

7.31803 

7.37488 

7.42515 

7.47019 

7.51100 

51" 

10" 

7.25378 

7.31904 

7.37577 

7.42594 

7.47090 

7.51165 

60" 

ir 

7.25495 

7.32005 

7.37666 

7.42673 

7.47162 

7.51230 

49" 

12" 

7.25612 

7.32106 

7.37754 

7.42751 

7.47233 

7.51294 

48" 

13" 

7.25728 

7.32206 

7.37842 

7.42830 

7.47303 

7.51359 

47" 

14" 

7.25845 

7.32306 

7.37930 

7.42908 

7.47374 

7.51423 

46" 

15" 

7.25961 

7.32406 

7.38018 

7.42987 

7.47445 

7.51488 

45" 

16" 

7.26076 

7.32506 

7.38106 

7.43065 

7.47515 

7.51552 

44" 

17" 

7.26192 

7.32606 

7.38193 

7.43143 

7.47586 

7.51616 

43" 

18" 

7.26307 

7.32705 

7.38280 

7.43221 

7.47656 

7.51680 

42" 

19" 

7.26421 

7.32804 

7.38368 

7.43299 

7.47726 

7.51744 

41' 

20" 

7.26536 

7.32903 

7.38454 

7.43376 

7.47797 

7.51808 

40" 

21" 

7.26650 

7.33001 

7.38541 

7.43454 

7.47867 

7.51872 

39" 

22" 

7.26764 

7.33100 

7.38628 

7.43531 

7.47936 

7.51936 

38" 

23" 

7.26877 

7.33198 

7.38714 

7.43608 

7.48006 

7.51999 

37" 

24" 

7.26991 

7.33296 

7.38801 

7.43685 

7.48076 

7.52063 

36" 

25" 

7.27104 

7.33393 

7.38887 

7.43762 

7.48145 

7.52126 

35" 

26" 

7.27216 

7.33491 

7.38972 

7.43839 

7.48215 

7.52190 

34" 

27" 

7.27329 

7.33588 

7.39058 

7.43916 

7.48284 

7.52253 

33" 

28" 

7.27441 

7.33685 

7.39144 

7.43992 

7.48353 

7.52316 

32" 

29" 

7.27552 

7.33782 

7.39229 

7.44069 

7.48422 

7.52379 

31" 

30" 

7.27664 

7.33879 

7.39314 

7.44145 

7.48491 

7.52442 

30" 

31" 

7.27775 

7.33975 

7.39400 

7.44221 

7.48560 

7.52505 

29" 

32" 

7.27886 

7.34071 

7.39484 

7.44297 

7.48629 

7.52568 

28' 

33" 

7.27997 

7.34167 

7.39569 

7.44373 

7.48698 

7.52631 

27" 

34" 

7.28107 

7.34263 

7.39654 

7.44449 

7.48766 

7.52693 

26" 

35" 

7.28217 

7.34359 

7.39738 

7.44524 

7.48835 

7.52756 

25" 

36" 

7.28327 

7.34454 

7.39822 

7.44600 

7.48903 

7.52818 

24" 

37" 

7.28437 

7.34549 

7.39907 

7.44675 

7.48971 

7.52881 

23" 

38" 

7.28546 

7.34644 

7.39990 

7.44750 

7.49039 

7.52943 

22" 

39" 

7.28655 

7.34739 

7.40074 

7.44825 

7.49108 

7.53005 

21" 

40" 

7.28763 

7.34833 

7.40158 

7.44900 

7.49175 

7.53067 

20" 

41" 

7.28872 

7.34928 

7.40241 

7.44975 

7.49243 

7.53129 

19" 

42" 

7.28980 

7.35022 

7.40324 

7.45050 

7.49311 

7.53191 

18" 

43" 

7.29088 

7.35116 

7.40408 

7.45124 

7.49379 

7.53253 

17" 

44" 

7.29196 

7.35209 

7.40491 

7.45199 

7.49446 

7.53315 

16" 

45" 

7.29303 

7.35303 

7.40573 

7.45273 

7.49513 

7.53376 

15' 

46" 

7.29410 

7.35396 

7.40656 

7.45347 

7.49581 

7.53438 

M" 

47" 

7.29517 

7.35489 

7.40739 

7.45421 

7.49648 

7.53499 

13" 

48" 

7.29623 

7.35582 

7.40821 

7.45495 

7.49715 

7.53561 

12" 

49" 

7.29730 

7.35675 

7.40903 

7.45569 

7.49782 

7.53622 

11" 

50" 

7.29836 

7.35767 

7.40985 

7.45643 

7.49849 

7.53683 

10" 

51" 

7.29942 

7.35860 

7.41067 

7.45716 

7.49916 

7.53744 

9" 

52" 

7.30047 

7.35952 

7.41149 

7.45790 

7.49982 

7.53805 

8" 

53" 

7.30152 

7.36044 

7.41230 

7.45863 

7.50049 

7.53866 

7' 

54" 

7.30257 

7.36135 

7.41312 

7.45936 

7.50115 

7.53927 

6" 

55" 

7.30362 

7.36227 

7.41393 

7.46009 

7.50182 

7.53988 

5" 

56" 

7.30467 

7.36318 

7.41474 

7.46082 

7.50248 

7.50314 

7.54049 

4" 

57" 

7.30571 

7.36409 

7.41555 

7.46155 

7.54109 

3" 

58" 

7.30675 

7.36500 

7.41636 

7.46228 

7.50380 

7.54170 

2" 

59" 

7.30779 

7.36591 

7.41716 

7.46300 

7.50446 

7.54230 

1" 

60" 

7.30882 

7.36682 

7.41797 

7.46373 

7.50512 

7.54291 

0" 
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iffii^iriirTTFnTTT— 


ma 

12' 

13' 

14' 

15' 

16' 

17' 


0" 

7.54291 

7.57767 

7.60985 

V.6398i 

■>.66784 

7.69417 

60" 

r 

7.54351 

7.57822 

7.61037 

7.64030 

7.66830 

7.69460 

59" 

2" 

7.54411 

7.57878 

7.61089 

7.64078 

7.66875 

7.69502 

58" 

y 

7.54471 

7.57934 

7.61140 

7.64126 

7.66920 

7.69545 

57" 

4* 

7.54531 

7.57989 

7.61192 

7.64174 

7.66965 

7.69587 

56" 

s* 

7.54591 

7.58044 

7.61243 

7.64222 

7.67010 

7.69630 

55' 

6" 

7.54651 

7.58100 

7.61294 

7.64270 

7.67055 

7.69672 

54' 

7" 

7.54711 

7.58155 

7.61346 

7.64318 

7.67100 

7.69714 

53" 

8" 

7.54771 

7.58210 

7.61397 

7.64366 

7.67145 

7.69757 

52" 

9" 

7.54830 

7.58265 

7.61448 

7.64414 

7.67190 

7.69799 

51" 

10" 

7.54890 

7.58320 

7.61499 

7.64461 

7.67235 

7.69841 

60" 

11" 

7.54949 

7.58375 

7.61550 

7.64509 

7.67279 

7.69883 

49" 

12" 

7.55009 

7.58430 

7.61601 

7.64557 

7.67324 

7.69925 

48" 

13" 

7.55068 

7.58485 

7.61652 

7.64604 

7.67369 

7.69967 

47" 

14" 

7.55127 

7.58539 

7.61703 

7.64652 

7.67413 

7.70009 

46" 

15' 

7.55186 

7.58594 

7.61754 

7.64699 

7.67458 

7.70051 

45" 

16" 

7.55245 

7.58649 

7.61805 

7.64747 

7.67502 

7.70093 

44" 

17" 

7.55304 

7.58703 

7.61855 

7.64794 

7.67547 

7.70135 

43" 

18" 

7.55363 

7.58758 

7.61906 

7.64842 

7.67591 

7.70177 

42" 

19" 

7.55422 

7.58812 

7.61957 

7.64889 

7.67636 

7.70219 

41" 

20" 

7.55481 

7.58866 

7.62007 

7.64936 

7.67680 

7.70261 

40" 

21" 

7.55539 

7.58921 

7.62058 

7.64983 

7.67724 

7.70302 

39" 

22" 

7.55598 

7.58975 

7.62108 

7.65030 

7.67768 

7.70344 

38" 

23" 

7.55656 

7.59029 

7.62158 

7.65078 

7.67813 

7.70386 

37" 

24" 

7.55715 

7.59083 

7.62209 

7.65125 

7.67857 

7.70427 

36" 

25" 

7.55773 

7.59137 

7.62259 

7.65172 

7.67901 

7.70469 

35" 

26" 

7.55831 

7.59191 

7.62309 

7.65218 

7.67945 

7.70510 

34" 

27" 

7.55889 

7.59245 

7.62359 

7.65265 

7.67989 

7.70552 

33" 

28" 

7.55948 

7.59299 

7.62409 

7.65312 

7.68033 

7.70593 

32" 

29" 

7.56006 

7.59352 

7.62459 

7.65359 

7.68077 

7.70635 

31" 

30" 

7.56064 

7.59406 

7.62509 

7.65406 

7.68121 

7.70676 

30" 

31" 

7.56121 

7.59459 

7.62559 

7.65452 

7.68165 

7.70718 

29" 

32" 

7.56179 

7.59513 

7.62609 

7.65499 

7.68208 

7.70759 

28" 

33" 

7.56237 

7.59566 

7.62659 

7.65546 

7.68252 

7.70800 

27" 

.34" 

7.56295 

7.59620 

7.62709 

7.65592 

7.68296 

7.70841 

26" 

35" 

7.56352 

7.59673 

7.62758 

7.65639 

7.68340 

7.70883 

25" 

36" 

7.56410 

7.59726 

7.62808 

7.65685 

7.68383 

7.70924 

24" 

37' 

7.56467 

7.59780 

7.62857 

7.65731 

7.68427 

7.70965 

23" 

38" 

7.56524 

7.59833 

7.62907 

7.65778 

7.68470 

7.71006 

22" 

39" 

7.56582 

7.59886 

7.62956 

7.65824 

7.68514 

7.71047 

21" 

40" 

7.56639 

7.59939 

7.63006 

7.65870 

7.68557 

7.71088 

20" 

41" 

7.56696 

7.59992 

7.63055 

7.65916 

7.68601 

7.71129 

19" 

42" 

7.56753 

7.60045 

7.63104 

7.65962 

7.68644 

7.71170 

18" 

43" 

7.56810 

7.60097 

7.63153 

7.66009 

7-.68687 

7.71211 

17" 

44" 

7.56867 

7.60150 

7.63203 

7.66055 

7.68731 

7.71251 

16" 

45" 

7.56924 

7.60203 

7.63252 

7.66101 

7.68774 

7.71292 

15" 

461 

7.56980 

7.60255 

7.63301 

7.66146 

7.68817 

7.71333 

14" 

47" 

7.57037 

7.60308 

7.63350 

7.66192 

7.68860 

7.71374 

13" 

48" 

7.57094 

7.60360 

7.63399 

7.66238 

7.68903 

7.71414 

12" 

49" 

7.57150 

7.60413 

7.63448 

7.66284 

7.68946 

7.71455 

11" 

50" 

7.57206 

7.60465 

7.63496 

7.66330 

7.68989 

7.71496 

10" 

51" 

7.57263 

7.60517 

7.63545 

7.66375 

7.69032 

7.71536 

9" 

52" 

7.57319 

7.60570 

7.63594 

7.66421 

7.69075 

7.71577 

8" 

1 53" 

7.57375 

7.60622 

7.63643 

7.66467 

7.69118 

7.71617 

7' 

54" 

7.57431 

7.60674 

7.63691 

7.66512 

7.69161 

7.71658 

6" 

55" 

7.57488 

7.60726 

7.63740 

7.66558 

7.69204 

7.71698 

5" 

56" 

7.57544 

7.60778 

7.63788 

7.66603 

7.69247 

7.71739 

4" 

57' 

7.57599 

7.60830 

7.63837 

7.66649 

7.69289 

7.71779 

3" 

58" 

7.57655 

7.60882 

7.63885 

7.66694 

7.69332 

7.71819 

2" 

59" 

7.57711 

7.60934 

7.63933 

7.66739 

7.69375 

7.71859 

r 

00 " 

7.57767 

7.60985 

7.63982 

7.66784 

7.69417 

7.71900 

0 " 


ir 

46' 

45' 


■EgH 

—ra— 

89 ® 


r,ni coalne - I.on cota ngent - 0 - Log tangent. 
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For intermediate values, see pp 143 c to 143J, inclusive. 


0 ° tOO SINES, COSINES, TANS, COTANS. 179 ° 
" j ' I Sine. |!d 1", Cosine. II Tang. || Cotang. | ' 


0 Inf. neg. 

1 6.463726 

2 764766 

3 6 940M7 

4 7.065786 

5 .162696 

6 .211877 

7 .808824 


11 7.506118 

12 .542906 

13 .577668 

14 .009853 

15 .639816 

16 .667845 

17 .694173 

18 .718997 

19 . 742478 

20 .164754 

21 7.785943 

22 .806146 

23 .825451 

24 .843934 

25 . 861662 

26 .878695 

27 .895085 

28 .910879 

29 .926119 

80 . 940842 

81 7.955082 

82 .968870 


Inf. neg. Inf. pos. 60 
6.463726 13.5&274 69 

.764756 .235244 58 

6 940847 13.059153 57 

7.065780 12.934214 56 

.1626% .837304 55 

.211878 .758122 54 

.308825 .691175 53 

.366817 t .633188 52 


•JR .999997 
.999997 


■S® .999980 

•55 .999989 

.999988 


•w* .999968 

•® 9.999962 
•® .999981 
•J® .999980 


23-10 

2400 

39 

40 

2460 

41 

2520 

42 

2580 

43 

2040 

44 

2700 

45 

2760 

46 

2820 

47 

2880 

48 

2940 

49 

3000 

50 

8060 

51 

8120 

52 

8180 

53 

3240 

54 

8300 

55 

8360 

56 

3420 

57 

3480 

58 

3540 i 

69 

3600 

60 


35 8 ottnw •« 

86 .020021 •« 

87 .031919 -<g 

88 .013501 -® 

39 .054781 •« 


no 

■” .999977 


•» 1 • I flrwtii 


(Cosine. IlTt 1*1 ftlne. 


•JS .999966 
•Js .999964 
•Jg .999963 


■0® .999940 

■U? 999938 


.582030 51 
.536273 50 
12.494880 49 
.457091 48 
.422328 47 
.390143 4h 
.360180 45 9 

.332151 44 .5 
.305821 43 3 

.280997 42 § 
.257516 41 -9 
.235239 40 ^ 
12 214049 39 2 
.193845 88 * 
.174540 37 * 

.156056 36 ♦* 
.138:126 85 v 
.121292 34 n 
.104901 83 J 
.089106 82 T 
.073866 31 g 
.059142 30 „ 
12.044900 29 * 

.031111 28 * r 
.017747 27 5 

, 12 004781 26 £ 
11.992191 25 * 

.979956 21 > 

.968055 23 % 
.956473 22 * 
.94.5191 21 
.934194 20 •J 
11.923469 19 0 
.918008 18 £ 
.902783 17 £ 
.892797 16 « 
.883037 If. m 
.873490 11 & 
.864149 18 £ 
.855004 12 
.846048 11 
.83?278 | 10 


.811964 7 

803814 C 
795874 5 

.788047 4 

.780359 8 

.772805 2 

.765379 1 

11.758079 0 


i da tan*. 11 Tang. 





LOG SINES, COSINES, TANS, COTANS. 178° 


«9 


l 

a 

a 

> 

« 

s 

I 

9 


& 


« 

r 

Sine. | 

3600 

0 

8.241855 

3600 

1 

.249033 

8720 

2 

.256094 

3780 

S 

.263012 

3840 

4 

.269881 

3900 

5 

.276614 

3960 

6 

.283243 

4020 

7 

.289773 

4080 

8 

.296207 

4140 

9 

.302546 

4200 

10 

.308794 

4280 

11 

8.314954 

4:120 

12 

.321027 

4380 

13 

.327016 

4440 

14 

.332924 

4500 

15 

.338753 

4560 

16 

.344504 

4620 

17 

.350181 

4680 

18 

355r83 

4740 

19 

361315 

4800 

20 

.366777 

4880 

21 

8 372171 

4920 

22 

377499 

4980 

23 

382762 

5040 

24 

.387962 

5100 

25 

393101 

5160 

26 

398179 

5220 

27 

403199 

5280 

28 

.408161 

5340 

29 

.413068 

6400 

30 

.417919 

5480 

31 

8.422717 

5520 

82 

.427462 

5580 

33 

.432156 

5640 

84 

436800 

5700 

35 

.441394 

5760 

36 

.445941 

5820 

37 

.450440 

5880 

38 

.454893 

5940 

39 

.459301 

6000 

40 

.468666 

6060 

41 

8.467985 

6120 

42 

.472263 

6180 

43 

.476498 

6240 

44 

.480698 

6300 

45 

.484848 

6360 

46 

.488963 

6420 

47 

.493040 

6480 

48 

.497078 

6540 

49 

.501080 

6600 

60 

.505045 

6660 

51 

8.508974 

0720 

52 

.512867 

6780 

53 

.516726 

6840 

54 

.520551 

6900 

55 

.524343 

6960 

56 

.528102 

7020 

57 

.531828 

7080 

58 

.535523 

7140 

59 

.589186 

7800 

60 

8.542819 

n 

1 ' 

Cosine. 

01 ° 


11 


.06 


Cosine. 

Tangr. 

Cotang. | 

/ 

9.999934 

8.241921 

11.758079 

60 

.999932 

.249102 

.750898 

59 

995)929 

.256165 

.743835 

66 

.999927 

263115 

.736885 

57 

.999925 

.261)956 

.730044 

56 

.999922 

.276691 

.723309 

55 

.995)920 

.283323 

.716677 

54 

.999918 

.289856 

.710144 

53 

.999915 

.296292 

.703708 

52 

.999913 

.302634 

.697866 

61 

.999910 

.308884 

691116 

50 

9.999907 

8.315046 

11.684954 

49 

.999905 

.821122 

618878 

48 

.999902 

.327114 

.672886 

41 

.999899 

.333025 

.666975 

46 

.999897 

.838856 

.661144 

45 

.999894 

.3-14610 

.655390 

44 

.999891 

.350289 

649711 

43 

.999888 

.355895 

.644106 

4k 

.999885 

361430 

638670 

41 

.999882 

366895 

.633105 

40 

9.999879 

8.372292 

11.627708 

3D J 

.999876 | 

.877622 

.622878 

8f S 

.999873 ' 

.382889 

.617111 

31 3 

.999870 

.388092 

.611908 

8) «• 

.999867 

393234 

.606166 

8f Q 

.999864 

.398815 

.601685 

&4 9 

.999861 

.403338 

.596662 

8i i 

.999858 

.408304 

.591696 

82 • 

.999854 

.413213 

.586787 

81 J 

.999851 

.418068 

.581982 

so a 

9.999848 

8.422869 

11.577181 

29 a 

.999844 

.427618 

.572882 

28 > 

.999841 

.432315 

.567685 

27 « 

.999838 

.486962 

.563038 

26 ; 

.999834 

.441560 

.558440 

26 5 

.999881 

.446110 

.553890 

24 1 

.999827 

.450613 

.549387 

28 2 

.999824 

.455070 

.544930 

22 a 

.999820 

.459481 

.540519 

21 i 

.999816 

.463849 

.586161 

20 * 

9.999813 

8.468172 

11.631828 

19 - 

.999809 

.472454 

627546 

18 g 

.999806 

.476698 

.528307 

17 £ 

.999801 

.480892 

.519106 

16 

.999797 

.485050 

.514960 

15 

.999794 

489170 

1 .610880 

14 

.999790 

.493250 

.506750 

18 

.999786 

.497293 

.502707 

12 

| .95)97 82 

! .501298 

.498708 

11 

.995)778 

j .505267 

.494738 

10 

9.999774 

8.509200 

11.490800 

9 

| .95)9769 

.513098 

.486902 

8 

.999765 

.516961 

.488039 

7 

.999761 

.520790 

.479210 

6 

.999757 

524586 

.475414 

6 

1 .999753 

.528349 

.471661 

4 

1 .999148 

! .532080 

.467920 

8 

.995)744 

.535779 

.464221 

2 

J .999740 

539447 

.460558 

1 

*| 9.999735 

1 8.543084 

11.456916 

_0 

*1 Sine. 

! Cofang. 

Tang. 

t 




88 ° 





LOGARITHMIC SINES, COSINES, TANS AND COTANS. ITT® 


Sine. 

D. r. 

Cosine. 

D.l*. || 

Tang. 

D. 1*. 

Cotang. 

t 

8 542819 
.546422 
.549995 
.553539 
.557054 
.560540 
.563999 
.567431 
.570836 
.574214 
.577566 

8,580892 

.584193 

.587469 

.590721 

.593948 

.597152 

.600332 

.603489 

.006623 

.609734 

8.612823 

.615801 

.618987 

.621962 

.624965 

.627948 

.630911 

.633854 

.630776 

.639680 

8.642563 

.645428 

.648274 

.651102 

.653911 

.656702 

.659475 

.662230 

.664968 

.667689 

8.670393 

.673080 

.675751 

.678405 

.681048 

.683665 

.686272 

.688863 

.691438 

.693998 

8.696543 

.699073 

.701589 

.704090 

.706577 

.709049 

.711507 

.718952 

.716888 

8.718800 

60.05 
59 55 
59.07 
58.58 
58 10 
57 65 

57.20 
66.76 
56.30 
55 87 

55.43 

55.02 
54.60 
54 20 
53 78 
53.40 
53.00 

52.62 
52 23 
51.85 
51.48 

51.13 
50 77 
50 42 
50.05 
49.72 
49.38 
49.05 
48 70 
48 40 
48.05 

47.75 

47.43 

47.13 
46.82 

46.52 

46.22 
45.92 

45.63 
45.35 
45.07 

44.78 
44 52 

44.23 
43 97 
43 70 

48.45 
43.18 
42 92 
42 67 
42.42 

42.17 

41.98 

41.08 

41.45 

41.20 
40.97 

40.75 

40.52 
40.28 

9.999735 
! .999731 
.999726 
999722 
.999717 
.999713 
.999708 
.999704 
.999699 
.999694 
.999689 

9.999685 

.999080 

.999675 

.999670 

.999665 

.999660 

.999655 

.999650 

.999645 

.999640 

9.999635 

.999029 

.999624 

.999619 

.999614 

.999608 

.999003 

.999397 

.999592 

.999586 

9.999581 

.999575 

.999570 

.999564 

.999558 

.999553 

.999547 

.999541 

.999535 

.999529 

9.999524 

.999518 

.999512 

.999506 

.999500 

.999493 

.999487 

.999481 

.999475 

.999469 

9.999463 
! .999456 
.999450 

1 .999443 
! .999437 
1' .999431 

1 .999424 
: .999418 

1 ,999411 

9.999404 

.07 ji 

.08 

.07 

.08 

.07 

.08 

.07 

.08 

.08 

.08 

.07 

.08 

.08 

.08 

08 i 
.08 
.08 
.08 
.08 
.08 
.08 

.10 

.08 

.08 

.08 

.10 

.08 

.10 

.08 

.10 

.08 

.10 

.08 

.10 

.10 

.08 

.10 

.10 

.10 

.10 

.08 

.10 

.10 

.10 

.10 

.12 

.10 

.10 

.10 

.10 

.10 

.12 

.10 

.12 

.10 

.10 

.12 

.10 

.12 

.12 

8 543084 
.540691 
550268 
.553817 
.557336 
.560828 
.564291 
.507727 
.571137 
.574520 
.577877 ' 

8.581208 

.584514 

.587795 

.591051 

.594283 

.597492 

.600677 

.608839 

.606978 

.610094 

8.613189 

.616262 

.619313 

.622343 

.625352 

.028340 

.631308 

.6)44256 

.637184 

.640093 

8.042982 

.645853 

.648704 

.651537 

.654352 

.657149 

.059928 

.662689 

.6654)43 

.668160 

8.670870 

.673563 

.676289 

.678900 

.681544 

.684172 

.686784 

.689381 

.691963 

.694529 

8.697081 

.699617 

.702189 

.704646 

.707140 

.709618 

.712088 

.714584 

.716972 

8.719396 

60.12 
59 62 
59 15 
68 65 
58.20 
57 72 
57 27 
56 83 
56 38 
, 55 95 

55.52 

55 10 
54 68 
54 27 
53.87 
5)4 48 
53 08 
52 70 

52.32 
61 93 
6i 08 

51.22 
50 85 ! 
60.50 , 

50.15 ' 
49 80 
49 47 
49 13 
48 80 
48.48 

48.15 

47 85 

47.52 

47.22 
46.92 

46.62 

46.32 
46 02 
45.73 
45 45 
45 17 

44 88 
44 60 
44.35 
44.07 
43 80 

43 53 
4)1 28 
43 03 

42.77 

42.53 

42 27 
42.03 

41.78 
41.57 
41.30 
41.08 
40 85 

40.63 
40.40 

11.456916 

.453309 

.449732 

.446188 

.442664 

.439172 

.435709 

.432273 

.42886)1 

.425480 

.422123 

11.418792 

.415480 

.412205 

.408949 

.405717 

.402508 

.899323 

.896161 

.393022 

.389906 

11.386811 

.383738 

.380687 

.877667 

.874648 

.871660 

.868692 

.865744 

.862816 

.359907 

11.357018 

.354147 

.851296 

.348463 

.845648 

.842851 

.340072 

.337311 

.334567 

.831840 

11.829130 

.826437 

.823761 

.821100 

.818456 

.315828 

.313216 

.310619 

.308037 

.305471 

11.802919 

.800383 

.297861 

.295354 

.292860 

.290382 

.287917 

.285466 

.288028 

11.280004 

GO 

59 

58 

56 

55 

54 

5)} 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

3* 

32 

31 

30 

29 

25 
27 

26 
25 
24 
23 
22 
21 
2Q 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

Cosine. 

D.l*. 

i Sine. 

d. r. 

| Cotang. 

D. 1*. 

i Tang. 

t 


3° LOGARITHMIC SINKS, COSINKS, TANS AND COTANS. 178' 1 


• 

Sine. 

D. 1\ 

Cosine. 

D.r. 

1 

Tang. 

D.r. 

Cotang. 

t 

0 

8.718800 

40.07 
39.85 
39.62 
39.42 
39.18 
38.98 
38 78 
38 55 
38 37 
38.17 
37.95 

9 999404 

.10 

.12 

.12 

.10 

.12 

.12 

.12 

.12 

.12 

.12 

.12 

8.71935)6 

40.17 

39.97 

39.73 

39.52 

39.30 

39.10 

11.280604 

60 

1 

.721204 

.999398 

.721806 

.278194 

59 

a 

.723595 

.999:391 

.724204 

.275796 

58 

3 

.725972 

.999:584 

.720588 

.273412 

57 

4 

.728337 

.999378 

.728959 

.271041 

56 

5 

. 7110688 

.999371 

.731817 

.268683 

55 

6 

.733027 

.999364 

.733603 

.266337 

54 

7 

.735354 

.999357 

.7355)96 

38.68 

38.48 

38.27 

38.08 

.264004 

53 

8 

.7376G7 

.999:350 

.738317 

.261683 

52 

9 

.739969 

.999343 

.740626 

.259374 

51 

10 

.742259 

.999336 

.742922 

.257078 

50 

11 

8.744536 

37 77 
37.55 
37 37 
37.18 
36 <<8 
36.80 
36.60 
36 43 
36 23 
30.07 

9 999329 

.12 

.12 

.12 

.12 

.12 

.12 

.13 

.12 

.12 

.13 

8.745207 

37 87 
37 68 

11.254793 

49 

ia 

.746802 

.999322 

.747479 

.252521 

48 

13 

.749055 

.999315 

.749740 

.250260 

47 

14 

.751297 

.999308 

.751989 

37.30 
37 10 
36 5)2 
30 73 
36 55 
36 35 
36 18 

.248011 

46 

15 

.753528 

.999301 

.751227 

.245773 

45 

16 

.755747 

.999294 

.756453 

.248547 

44 

17 

.757955 

.999287 

.758068 

,241332 

43 

18 

.760151 

,!>9U2?9 

.760872 

.239128- 

42 

19 

.762337 

.999272 

.763065 

.236935 

41 

ao 

.764511 

.999265 

.765246 

.281754 

40 

21 

8.760075 

35.88 
35.70 
35.52 
35 37 
35 17 
35.02 
34 83 
34.68 
34 50 
34.35 

9 999257 

.12 

.13 

.12 

.13 

.12 

.13 

.12 

.13 

.13 

.13 

8 767417 

36 02 
35 82 
35 65 
35 48 
35.32 
35.13 
31 97 
31 80 
34 03 
34.47 

11.232583 

39 

23 

.768828 

.999250 

.769578 

.230422 

38 

23 

.770970 

.999242 

.771727 

.228273 

37 

24 

.773101 

.999235 

.773800 

.220134 

36 

25 

.716223 

.999227 

.775995 

.224005 

35 

26 


.95)9220 

.778114 

.221886 

34 

27 

.7794:34 

.5)99212 

.780222 

.219778 

83 

28 

.781524 

.999205 

.782320 

.217680 

32 

29 

.783605 

.999197 

.784408 

.215592 

31 

30 

.785675 

.5)99189 

.786486 

.213514 

30 

31 

8.787736 

34 18 
34 02 
33.85 
33 70 
83 55 
33.38 
33.25 
33.07 

9.999181 

.12 

.13 

.13 

.13 

.13 

.13 

.13 

.13 

.13 

.13 

8.W8554 

34 32 
81 15 
81 98 
83 83 
8) 68 
81 52 
81 37 
81 22 
81.07 
32.92 

11.211446 

29 

32 

.789787 

.95)5)174 

.790013 

.209387 

28 

33 

.791828 

.5)99166 

.792062 

.207838 

27 

34 

.793859 

.999158 

.794701 

.205299 

26 

35 

.795881 

.999150 

.796731 

.203269 

25 

36 

.797894 

.5)5)9142 

.798752 

.201248 

24 

37 

.799897 

.5)99134 

.800703 

.199237 

23 

38 

.801892 

.999120 

.802705 

.197235 

22 

3ft 

.803876 

.999118 

.804758 

.195242 

21 

40 

.805852 

32.78 

.999110 

.806742 

.193258 

20 

41 

8.807819 

32.63 

32.48 

32.35 
32.20 
32.05 
‘31.90 
81.78 
81.62 
31.50 

81.35 

9.999102 

.13 

.13 

.15 

.18 

.13 

.13 

.15 

.13 

.15 

.13 

8 808717 

32.77 
32 03 
32.47 
82.33 

11.191283 

19 

42 

.809777 

.999094 

i .M0GK3 

.189317 

18 

43 

.811726 

.95)5)086 

812641 

.187859 

17 

44 

.813667 

.999077 

811589 

.185411 

16 

45 

.815599 

.999069 

.816529 

.183471 

15 

46 

.817522 

.999061 

.818161 

82.05 
31.90 
31 78 
31 63 
31.48 

.181539 

14 

47 

.819436 

.999053 

.820384 

.179G16 

13 

48 

.821843 

.999044 

.822298 

.177702 

12 

49 

.823240 

.999030 

.824205 

.175795 

11 

50 

.825130 

.909027 

.826103 

.173897 

10 

51 

8.827011 

81.22 

81.08 

30.97 

9.999019 

.15 

.13 

.15 

.15 

.13 

.15 

.15 

8.827992 

31.37 

81.23 

31.08 

30.97 

u.iraoos 

9 

52 

.828884 

.995)010 

.829874 

.170126 

8 

53 

.830749 

.999002 

.831748 

.168252 

7 

54 

.832607 

.998993 

.833613 

.166387 

6 

55 

.834456 

30.68 
80.55 
80.43 
80 30 
30.18 

.998984 

.835471 

.164529 

5 

56 

.836397 

.998976 

.837321 

• 30.70 
30.58 
30.45 
30.82 

.162679 

4 

57 

.838130 

.998967 

.839108 

.160837 

3 

58 

.839966 

.998958 

.810998 

.159002 

2 

59 

.841774 

.998950 

.15 

.842825 

.157175 

1 

60 

8.843585 

9.998941 

8.844644 

11.155866 

0 

/ 

Cosine. 

D. 1\ 

Sine. 

I). 1\ 

Cotang. 

D. r. 

Tang. 

* 


#3° 


riASnl 
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4° LOGARITHMIC SINKS, COSINES, TANS ANI) COTANS. 175* 


' 

Sine. 

D. 1*. 

Cosine. 

D.l'. 

Tang. 

D.l'. 

Cotang. 

0 

8 843585 

30 03 
29 93 
29.80 
29 67 
29 57 
29 43 
29 30 
29 20 
29.08 
28 95 
28.85 

9.998941 

.15 

.15 

8 844644 

30 18 

30.08 
29 95 
24) 82 
29 70 
29 58 
29 47 
29 35 
.24) 23 
21 ) 12 
29 00 

11.155356 

1 

.845387 

998932 

.846455 

.153545 

2 

847183 

.998923 

.848260 

.151740 

8 

.848971 

998914 

J5 

15 

.15 

.15 

.15 

.15 

.850057 

.149943 

4 

850751 

.998905 

.851846 

.148154 

ft 

852525 

.998896 

.853628 

.146372 

6 

854291 

.998887 

.855403 

.144597 1 

7 

856049 

.998878 

.851171 

.142829 

H 

.857801 

.998869 

.858932 

.141068 

9 

859546 

.998860 

.800086 

.139314 

10 

.862283 

.998851 

J7 

.8(42433 

.137567 

11 

8 863014 

28 78 
28 62 
28.50 
28.38 
28.28 
28 17 
28 05 
27 95 
27 83 
27.73 

9.998841 

.15 

.15 

.17 

.15 

.15 

.17 

8 864173 

28.88 
28 77 
28 65 
28 55 
28.43 
28 32 
28 22 
28 12 
28 00 
27 88 

11 135827 

12 

.864738 

.998832 

.865906 

134094 

13 

.866455 

.998823 

.807032 

132368 

14 

868165 

.998813 

8(49351 

.130649 

15 

.869868 

.998804 

.8710(4 

.128936 

16 

.871505 

.998795 

.872710 

.127230 

17 

.873255 

998785 

.874469 

125531 

18 

.874938 

998776 

■JJj 

.876162 

123838 

39 

.876615 

.998766 

!l5 

.17 

.877844) 

122151 

20 

.878285 

.998757 

879529 

.120471 ( 

21 

8.879949 

27.63 
27.52 
27 42 
27 82 

9.998747 

.15 

.17 

.17 

.17 

15 

8 881202 

27 78 
27 (48 
27 58 

11 118798 ’ 

22 

.881607 

998738 

.882869 

.117131 

28 

.883258 

998728 

.884530 

115470 

24 

.884903 

.998718 

.886185 

113815 

25 

.886542 

.94)8708 

.881833 

27 38 
27 27 

.112167 

26 

.888174 

27 20 
27 12 

.998699 

.884)476 

.110524 

27 

.889801 

.998689 

.17 

.17 

.84)1112 

.108888 

28 

891421 

27.00 
26 90 
26.80 
26.72 

.94)8679 

.892742 

27 07 
26 97 
26.87 

.107258 

29 

893035 

.94)8669 

.894366 

.105634 

30 

.894643 

.998659 

!l7 

.895984 

.104016 

31 

8.896246 

26 CO 
26 50 
26.42 

9 94)8649 

.17 

8 897596 

26 78 
26 67 
26 58 
26 48 
2(4 38 
26 28 
2(4 20 
26 10 

11 102404 

82 

.897842 

94)8634) 

.84(9203 

.100797 

33 

.899432 

.4)98629 


. 4)00803 

.099197 

34 

.901017 

94)8619 

.902398 

.097602 

85 

.902596 

26 82 

.4)98609 

.li 

.17 

.17 

.18 

.17 

.9034)87 

.096013 

36 

.904169 

26.22 

26.12 

.99854)9 

.905570 

.094430 

37 

.905736 

.998589 

.907147 

.092853 

38 

.007297 

26.02 

25.98 

25.85 

25.75 

.998578 

.908719 

.091281 

39 

.908853 

.998508 

.910285 

26 02 
25 92 

089715 

40 

.910404 

.998558 

.17 

.5)11846 

088154 

41 

42 

8.911949 

.913488 

25.65 
25.57 
25 47 

OR QU 

9.998548 

.998537 

.18 
.17 
• .18 
.17 
.18 
.17 
.18 
.17 
.18 
.18 

8 913401 
4)144)51 

25 R3 
25 73 
25 63 

11 086599 
.085049 

43 

.915022 

.998527 

.910495 

.083505 

44 

.916550 

.998516 

.918034 

25.57 

.081966 

45 

.918073 

25 30 
25 20 
25 12 
25 03 
24.95 
24.85 

.998506 

.919568 

25 47 
25 38 
25 28 

.080432 

46 

.919591 

.998495 

.92104)6 

.078904 

47 

.921103 

.998485 

.922619 

.017381 

48 

.922610 

.998474 

.924136 

25 21 

.075864 

49 

.924112 

.998404 

.925644) 

yr» 12 

.074351 

50 

.925609 

.998453 

.927156 

25 03 

072844 

51 

8.927100 

24.78 

9.998442 

.18 

.17 

.18 

.18 

.18 

.18 

.18 

.18 

.18 

8 928658 

24.95 
24 87 

24 ,'H 

11.071342 

52 

.928587 

.94)8431 

.930155 

.069845 

53 

.930068 

24.68 
24 60 
21 52 

.998421 

.931647 

.068353 

54 

.981544 

i .998410 

.933134 

24.70 

.066866 

55 

.938015 

.998399 

.984616 

24 62 

.065384 

56 

.934481 

24.43 
24 85 
24 27 
24 20 
24.10 

.998388 

.936093 

24 53 
24.45 
24.37 
24.80 

.063907 

57 

.935942 

: .998377 

.937565 

.062435 

£8 

.987398 

.998866 

.939032 

.060968 

59 

.938860 

.998355 

.940494 

.059506 

60 

8.940296 

9.998344 

8.941952 

11.058048 

# 1 Cosine. 

D. 1*. 

Sine. 

d. r. 

Cotang. 

D.l' 

Tang. 


94° 


[14.VJ 


88 ° 
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5° LOUAltlTHMIO SINKS, COHINKS, TANS AND COTANS. 174* 


', 

Sine. 

D. V. || 

Cosine, j 

D. 1\ |! 

1 

Tang. 

D. 1*. | 

Cotang. 

' 

0 1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 
86 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

8.940206 

.941738 

.943174 

.944006 

.946034 

.947456 

.948874 

.950287 

.951696 

.953100 

.954499 

8.955894 

.957284 

.958670 

.960052 

.961429 

.962801 

.964170 

.965534 

.966893 

.908249 

8.969600 

.970947 

972289 

.973628 

.974902 

.976293 

.977019 

.978941 

.980259 

.981573 

8.982883 

.984189 

.985491 

.980789 

.988083 

.989374 

.990000 

.991943 

.993222 

.994497 

8 995768 
997030 
.998299 
8 999500 
9.000816 
.002069 
.003318 
.004563 
.00:5805 
.007044 

9.008278 

.009510 

.010737 

.011962 

.013182 

.014400 

.015613 

.016824 

.018031 

9.010235 

jl 

24.03 

23 93 | 

21.87 

23.80 

23 70 H 
23.63 i 

21 55 , 
23.48 
23.40 | 
23.32 | 
23.25 

23.17 

23.10 

23.08 

22 95 
22 87 
22 82 
22 73 
22 65 
22 00 
22 52 

22 45 
22.37 

«■> JM 

22 iil 
22 18 
22 10 
22 03 
21 97 
21 90 
21.83 

21 77 
21 72 
21 03 
21 57 
21.52 
21 43 
21 38 
21 32 
21 25 
21 IS 

21.13 

21.05 
21 02 
20 93 
20 88 
20 82 
20 75 
20 70 
20.65 
20.57 

20 53 
20 45 
20.42 
20.33 
20.30 
20.22 
20.18 
20.12 
20.07 

9.998344 

.998333 

.998322 

.998311 

.998300 

.998289 

.998277 

.998206 

.998255 

.998243 

.998232 

9 998220 
.998209 
.996197 
.998186 
.998174 
.998103 
.998151 
.998139 
.998128 
.998110 
9.998104 
.998092 
.998080 
.998008 
.998056 
.998044 
.998032 
.998020 
.998008 
.997990 

9.997981 

.997912 

.997959 

.997947 

.997935 

.997922 

.997910 

.997897 

.997885 

.997872 

0.997860 

.997817 

.997835 

.997822 

.997809 

.997797 

.997784 

.997771 

.997758 

.997745 

9.997732 

.997719 

.997706 

.997693 

.997680 

.997667 

.997654 

.997641 

.997628 

9.997614 

.18 I 1 

.18 ! 

.18 
.18 
.18 1 
.20 1' 
.18 ; 
.18 ■; 
.20 | 
.18 
.20 j 
.18 1 
.20 1 
.18 
.20 
.18 
.20 
.20 
.18 
.20 
.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

.20 

22 

.20 

.20 

.22 

.20 

.22 

.20 

.22 

.20 

.22 

.20 

.22 

.22 

.20 

.22 

.22 

.22 

.22 

.22 

.22 

.22 

.22 

.22 

.22 

.22 

.22 

.22 

.23 

8 941952 
943404 
.944852 
.940295 
.9477:34 
.949108 
.950597 
.952021 
953441 
.954856 
.956267 

8.957674 

.959075 

.960473 

.961866 

.963255 

.964039 

.906019 

.967394 

.968700 

.970133 

8.971496 

.972855 

.974209 

.975500 

.976906 

.978248 

.979580 

.980921 

.982251 

.983577 

8.984899 

.980217 

.987532 

.988342 

.990149 

.991451 

.992750 

.994045 

.995337 

.990021 

8.997908 
8 999188 
9.000465 
.001738 
.0013007 
j .004272 
: .005534 
.000792 
.008047 
.009298 

9.010546 

.011790 

.013031 

.014268 

.015502 

.016732 

.017959 

.019183 

.020403 

9.021620 

24.20 

24.13 

24.05 

23 98 

23 90 
23.82 
23.73 
23.67 
23.58 

213 52 
23.45 

23.85 
23.30 
23 22 
23.15 
23.07 
23 00 
22 92 
22 87 
22 78 

22.72 

22 65 

22.57 

22.52 
22 48 
22.37 
22 30 
22.25 
22.17 
22 10 
22.03 

21 97 
*21 92 
21.83 
21.78 
21.70 
21.65 

21.58 

21.53 

21.45 

21.40 

21.33 
21.28 
21.22 
21 15 
21 08 
21.03 
20.97 
20.92 
20.85 
20.80 

20.73 
20 68 
20 .G2 
20 57 
20.50 

20.45 

20.40 

20.33 
20.28 

11.068048 

.056596 

.055148 

.053705 

.052266 

.050882 

.049403 

.047979 

.046559 

.045144 

.043738 

11.042326 

.040925 

.039527 

.038134 

.036745 

.035361 

.033981 

.032006 

.031234 

.029807 

11.028504 

.027145 

.025791 

.024440 

.023094 

.021752 

.020414 

.019079 

.017749 

.016423 

11.015101 

.013783 

.012468 

.011158 

.009651 

.008549 

.007250 

.005955 

.001663 

.003376 

11 002092 

11 000812 

10.999535 

.998262 

.996993 

.995728 

.994466 

.993208 

.991958 

.990702 

10.989454 

.988210 

.986969 

.985732 

.984498 

.983268 

.982041 

.980817 

.979597 

10.978880 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

89 

38 

37 

36 

35 

34 

33 

82 

81 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 
16 
15 
14 

18 
12 
11 
10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

T 

Cosine. 

d. r. 

Sine. 

D. 1\ 

Cotang. 

Vda\ 

Tang. 

~T 


93° 


.[143«] 


84 “ 






4 ° LOGARITHMIC SINES, COBINES, TANS AND COTANS. 178° 
' I Sine. I D.l*. II Cosine. | D. 1*. || Tang. | D. 1'. I Cotang. I ' 


7 .027567 

8 .028744 

9 .029918 

10 .0:41089 

11 9.082257 

12 .038421 

13 .084582 

14 .085741 

15 .088896 

16 .038048 

17 .089197 

18 . 040842 

19 .041485 

20 . 042625 

21 9.043762 

22 .044895 

23 .046026 

24 .047154 

25 .048279 

26 .049400 

27 .050519 

28 .051635 

29 .052749 

80 .058859 

31 9.051966 

82 .050071 

83 .057172 

84 . 058271 

85 .059367 

86 .060460 

87 .061551 

88 .062639 

39 .063724 

40 .064806 

41 9.065885 

42 .0669G2 

43 .068030 

44 .069107 

45 .070176 

46 .071242 

47 .072306 

48 .073366 

49 .074424 

50 .075480 
61 9.076533 

52 .077583 

53 .078681 

54 .079676 

55 .080719 

66 .081759 

57 .082797 

58 .083832 

69 .084804 

60 9 085894 


.071027 

.072113 

.073197 

.074278 

.075356 

.076432 

.077505 

.078576 


.937760 
.936652 24 
.935547 2k 
.934444 2S 
.9.33345 21 
.932248 2t 
10.931154 U 
.930062 If 
.928973 V 
.927887 II 
.926803 1! 
.925722 1- 

.924644 i: 


ri43t0 
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7° LOGABITHMIC SINKS, COSINKS, TANS AND COTANS. 17*» 


t 

Sine. 

D. 1*. 

Cosine, j 

D. 1*. ' 

Tang. 

d. r. 

Cotang. 

t 

0 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 
69 
60 

9.085894 

.086922 

.087947 

.088970 

.089990 

.091008 

.092024 

.093037 

.094047 

.095056 

.096062 

9.097065 

.098066 

.099065 

.100062 

.101050 

.102048 

.103037 

.104025 

.105010 

.105992 

9.106973 

.107951 

.108927 

.109901 

.110873 

.111842 

.112809 

.113774 

.114737 

.115698 

9.116656 

.117613 

.118567 

.119519 

.120469 

.121417 

.122362 

.123306 

.124248 

.125187 

9.126125 

.127060 

.127993 

.128925 

.129854 

.130781 

.131706 

.132630 

.133551 

.134470 

9.135387 

.136303 

.137216 

.138128 

.139037 

.139944 

.140850 

.141754 

.142655 

9.148555 

1 

17.13 ; 
17.08 
17.05 
17.00 

16.97 
16.93 
16.88 

16 83 
16.82 
16.77 

16.72 

16.68 

16.65 
16.62 

16 57 

16.53 
16.48 

16.47 ! 

16.42 | 
16 37 ! 
16.35 j 
16 30 ! 
16 27 . 
16.23 
16.20 

16.15 
16.12 
16 08 
16.05 
16 02 

15.97 

15 95 
15.90 
15 87 
15.83 
15 80 
15.75 

15.73 
15.70 

15.65 
15.63 

15.58 

15.55 

15.53 

15.48 
15.45 

15.42 
15 40 
15 85 
15 32 
15 28 

15.27 
15 22 
15.20 

15.15 
15.12 
15.10 
15.07 
15.02 
15.00 

9.996751 

.996735 

.996720 

.996704 

.990688 

.996673 

.996657 

.‘196641 

.996625 

.996610 

.996594 

9.996578 

.996562 

.996646 

.996530 

.996514 

.996498 

.996482 

.996465 

.996449 

.996433 

9.996417 

.996400 

.996384 

.996368 

.996351 

.996335 

.996318 

.996302 

.996285 

.996269 

9.996252 

.996235 

.996219 

.996202 

.996185 

.996168 

.996151 

.996134 

.996117 

.996100 

9.996083 

.990066 

.990049 

.996032 

.996015 

.995998 

.995980 

.995963 

..995946 

.995928 

0 995911 
.995894 
.995876 
.995859 
.99.5841 
.995823 
.995806 
.995788 
.995771 
9.995753 

.27 

.25 

.27 

.27 

.25 

.27 

.27 

.27 

.25 

.27 

.27 

.27 

.27 

.27 

.27 

.27 

.27 

.28 

.27 

.27 

.27 

.28 

.27 

.27 

.28 

.27 

.28 

.27 

.28 

.27 

.28 

.28 

.27 

.28 

.28 

.28 

.28 

.28 

.28 

.28 

.28 

.28 

.28 

.28 

.28 

.28 

.30 

.28 

.28 

.30 

.28 

.28 

.80 

.28 

.30 

.30 

.28 

.80 

.28 

.80 

1 

9.089144 

.090187 

.091228 

.092266 

.093302 

.094336 

.095367 

.096395 

.097422 

.098446 

.099468 

9.100487 

.101504 

.102519 

.103632 

.1045-42 

.105550 

.106556 

.107559 

.108560 

.109559 

9.110556 

.111551 

.112543 

.113533 

.114521 

.115507 

.116491 

.117472 

.118452 

.119429 

9 129104 
.121377 
.122348 
.123317 
.124284 
.125249 
.126211 
.127172 
.128130 
.129087 

9.330041 

.130994 

.131944 

.132893 

.133889 

.134784 

.1357245 

.136667 

.137605 

.138542 

9.139476 

.140409 

.141310 

.142269 

.143196 

.144121 

.145944 

.145966 

.146885 

9.147803 

17.38 

17.85 
17.30 

17.27 
17.23 
17.18 
17.13 
37 12 
17.07 
17.03 
16.98 

16.95 
16.92 
16.88 
16 83 
16.80 

16.77 
16.72 
16.68 
16.65 
16.62 

16.58 

16.53 

16.50 

16.47 
16 43 
16 40 

16.85 
16.33 

16.28 
16.25 

16.22 
16 18 
16.15 
16.12 
16.08 
16.03 
16.02 
15.97 

15.95 
15.90 

15.88 
15.83 
15 82 

15.77 
15.75 
15 70 
15.68 
15.63 
35.62 
15 67 

15.55 

15.52 

15.48 
15.45 
15.42 
15.38 
15.37 
15.82 
35.30 

10.910856 

.909813 

.908772 

.907734 

,906698 

.905664 

.904633 

.903605 

.902578 

.901554 

.900532 

10.899513 

.898496 

.897481 

.896468 

.895458 

.894450 

.893444 

.802441 

.891440 

.890441 

10.889444 

.888449 

.887457 

.886467 

.885479 

.884493 

.888509 

.882528 

.881548 

.880571 

10.879596 

.878623 

.877652 

.876683 

.875716 

.874751 

.873789 

.872828 

.871870 

.870913 

10.869959 

.869006 

.868056 

.867107 

.866161 

.865216 

.864274 

.863333 

.862395 

.861458 

10.8G0524 

.859591 

.858660 

.857781 

.856804 

.855879 

.854956 

.854084 

.853115 

10.852197 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 . 
50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

84 

83 

32 

31 

80 

29 

28 

27 
26 
25 
24 

28 
22 
21 
20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

' 

Cosine. 

1 D. 1\ 

Sine. 

i D. 1 *. 

Cotang. 

D. 1\ 

Tang. 

' 


»7° 


8 » 


£14383 
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LOGARITHMIC SINES, COSINES, TANS AND COTANS. 171° 


15.25 
15.23 
I5.SU 
15 17 
15 15 
15.10 
15.08 
15.05 
15.02 
14 98 
14.97 
14 93 
14 90 
14.87 
14 83 
14.82 
14 78 
14.75 
14 73 
14 70 
14.67 



Cotang. ! 

/ 

10.852197 

CO 

.851282 

59 

.850308 

58 

849456 

57 

.848540 

56 

.847637 

55 

.846731 

54 

.845820 

53 

.844923 

52 

.844022 

51 

.843123 

50 

10.842225 

49 

.841329 

48 

.810435 

47 

.839543 

46 

.838653 

45 

.837764 

44 

.836877 

43 

.835992 

42 

..435108 

41 

.834226 

40 

10 833346 ' 

39 

.832468 

38 

.831591 

37 

.830716 

36 

.829843 , 

35 

.828971 . 

34 

.828101 j 

33 

827233 

32 

.826366 

31 

.825501 

30 

10 824638 1 

29 

.823776 , 

28 

.822916 

27 

.822058 

26 

.821201 i 

25 

.820315 

21 

.819492 

23 

.818640 

22 

.817789 

21 

.816941 

20 

10.810093 

19 

.815248 1 

18 

.814403 

17 

.813561 

16 

.812720 

15 

.811880 

14 

.811042 

13 

.810206 

12 

.809371 

11 

.808538 , 

10 

10.80TTO6 

9 

.800870 

8 

.800047 

7 

.805220 j 

6 

.804394 1 

5 

.803570 ! 

4 

.802747 I 

3 

.801926 

2 

.801106 ! 

1 

10 800287 1 

0 

1 Tang. 

j / 


sr 




9° LOGARITHMIC SINKS, COHlNKS, TAJIS AND COTANS. 170° 


d. r. 1 

Cosine. 

D. 1\ 

Tang. 

D. 1\ 

Cotang. 

18 28 

9 994020 
.994000 

_ M 

9 199718 
.200529 

13 00 

10.800287 
' .799471 


2 .105985 

3 .100719 

4 .197511 

5 .198302 

6 .199091 

7 .199879 

8 .200006 

9 .201451 

10 .202234 

11 9.203017 

12 .203797 

13 . 204577 

14 .205354 

15 .200131 

16 .200900 

17 .307679 

18 .208452 

19 .209222 

20 .209992 

21 9.210700 I 

22 .211520 ' 

23 .212291 . 

24 .213055 I 

25 .213818 ! 

26 .214579 ; 

27 .215338 

28 .210097 ! 

29 .210854 | 

30 .217009 

31 9.218363 

32 .219116 

33 .219808 

34 .220018 

35 .221307 

86 .222115 

37 .222801 

38 .223600 

39 .2243-19 ! 

40 .225092 i 

41 9 225833 

42 ! .226573 I 

43 .227311 | 

44 . 228048 

45 .228784 

46 .229518 

47 .230252 

48 • .280984 j 

49 .281715 

50 . 232444 | 

51 9.283172 

52 .233899 

53 .234025 

54 .235349 

55 .236073 

56 I .230795 

57 I .287515 

58 ,238235 

69 .288958 

60 I 9.239670 


| 9-.210508 
I .217356 
1 .218142 

.218920 
.219710 
.220492 
.221272 


; .244839 

! .245579 

i 9 246819 


.797841 57 

.797029 56 
.796218 55 
.795408 54 
.794600 53 
.798793 52 
.792987 51 
.792183 50 
10.791381 49 

.790580 48 
.789780 47 
.788982 46 
.788185 45 
.787389 44 
.786595 43 

.785802 42 
.785011 41 

.784220 40 

10.783482 89 
.782644 88 

.781858 87 
.781074 86 
.780290 85 
.779508 84 
.778728 83 
.777948 82 
.777170 81 
.776393 80 
10.775618 29 
.774844 28 

.774071 27 
.778300 26 
.772529 25 
.771761 24 

.770993 23 

.770227 22 
.769461 21 

.708698 20 
10.767935 19 

.767174 18 
.766414 17 

.765655 16 
.764897 15 
.764141 14 

.768386 13 
.762632 12 
.761880 11 

.761128 10 
10.760378 9 

.759629 8 

.768882 7 

.758135 6 

.757390 5 

.756646 4 

.755908 3 

.755161 2 

.754421 1 


I Cosine. I D. 1'. 


£143 «] 
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10° LOGARITHMIC SINES, COSINES, TANS AND OOTANS. 169° 


9. *70 
.240380 
.241101 
.241814 
.242520 
.24323? 
.243947 
.244050 

.mm 

.246009 

.246775 

9.247478 

.248181 


.250980 

.251677 

.252373 

.253007 

.253701 

9.254453 

.255144 


.257211 

.257898 

.258583 


.259951 

.260633 


.204027 

.264703 

.265377 

.266051 

.266723 


.268734 


.270069 

.270735 

.271400 

.272004 


.274049 

9.274708 

.275867 

.270025 

.276681 

.277387 

.277991 

.278645 


.279948 


D. 1'. I , Cosine. 


11 93 
11.92 
11.88 
11.87 
11 85 
11.83 
11.82 
11.78 
11.77 
11.77 
11.72 
11.72 
11.70 
11.67 
11.65 
11.63 
11.62 
11 60 
11.57 
11 57 
11.53 
11.52 
11.50 
11 48 
11.47 
11,45 
11.42 
11.42 
ll.: 
11.37 
11.85 
11.3 
n.a 

11.3 

11.27 

11.27 

11 

11.23 

11.20 

11.20 

11.17 

11.15 

11.13 

11.12 

11.10 

11.08 

11.07 

ll .r 


Tang. D. 1*. j Cotang. 


9.99:1351 

.37 
.37 1 

.993329 

.993:107 

.998284 

.37 ! 
.37 : 

.993262 

.9(13240 

.998217 

i37 | 

.993195 

.993172 


.993149 

.37 

.38 

.993127 

9.993104 


.998081 

.38 

.993059 

.993036 

.993013 


.992990 


.992907 


.992944 


.992921 

.38 

.38 

.992898 

9.992875 


.992852 


.992829 

•2 1 

.992806 

*38 ’ 

.992783 

[40 I 

.38 

.38 

.992759 

.992736 

.992718 

.992690 

.40 

.38 

.992666 

9.992643 

.40 

.38 

.40 

.992619 

.992596 

.992572 

.992549 

140 1 

.40 , 

.992525 

.992501 

.992478 

.40 
.40 | 
.40 ! 

.992454 

.992430 

9 992406 

.40 i 
.38 

40 ‘ 
.40 ■ 
.40 | 
.40 
.40 . 
.42 I 
.40 • 
.40 

.992382 

.992359 

.992335 

.992311 

.992287 

.992263 

.992239 

.992214 

.992190 

9.992166 

.40 ! 
.40 ! 
.42 
.40 

.992142 

.992118 

.992093 

.992069 

.992044 

!40 
.40 t 

.992020 

.991996 

.991971 


9.991947 


Cosine. I D. 1'. I; Sine. I D. 1*. 


.247057 

.217794 

.248530 

.249264 

.249998 

.250730 

.251461 

.252191 

.25292(1 

.253648 

9.254374 

.255100 

.255824 

.256547 

.257269 

.257990 

.258710 

.259429 

.260146 

.260863 

9.261578 
.262292 , 
.263005 
.263717 ! 
.264428 
.265138 
.265847 
.266555 
.267261 
.267967 
9.268671 
.269375 
.270077 
.270779 
.271479 
.272178 
.272876 
.273573 
.274269 
.274964 
9.275658 
.270351 
.277043 
.277734 
.278424 
.279113 
.279801 
.280488 
.281174 
.281858 


12.30 

12.28 

12.27 

12.23 

32.23 
32.20 
12.18 
12.17 
12.15 
12.13 
12.10 
12 10 
12.07 
12 05 
12 03 
12,02 
12.00 
11.98 
11.95 
11 95 
11.92 
11.90 
11.88 
11.87 
11.85 
11.83 
31 82 
11.80 
11.77 
11.77 
11.73 
11.73 

13.70 

11.70 
11.67 
13.65 
11.63 
11.62 
11.60 
11 58 
11.57 
11 55 
11.53 
11.52 
11.50 
11.48 
11.47 
11.45 
11.43 
31 40 
11.40 


.284588 

.285268 

.285947 


.287301 

.287977 


10.731829 


.721576 
.720887 
.720199 
.719512 
.718826 
.718142 
I 10.717458 
.716775 
.716093 
.715412 
.714782 
714068 
.713876 
.712699 
.712023 
l 10.711348 


Ootang. I D. 1*. I Tang. 
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11° LOGARITHMIC SINES, COSINES, TANS AND COTANS. 1®8° 


# | Sine. 

H 

Cosine, j 

D. 1*. 

Tang. 

1 

D. 1\ 

Cotang. 

' 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
,10 

17 

18 
39 
20 

21 

22 

23 

24 

25 
25 

27 

28 
29 
80 

81 

32 

83 

34 

85 

86 
87 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 
65 

56 

57 

58 

59 

60 

9.280599 

.281248 

.281897 

.282544 

.283190 

.283836 

.284480 

.285124 

.2857G6 

.286408 

.287048 

9.287688 

.288326 

.288964 

.289600 

.290230 

.290870 

.291504 

.292137 

.292768 

.293399 

9.294029 

.294658 

.295286 

.295913 

.296539 

.297104 

.25)7788 

.298412 

.2990:34 

.299655 

9.300276 

.800895 

.801514 

.302132 

.802748 

.303304 

.803979 

.304593 

.805207 

.805819 

9.300430 

.307041 

.307650 

.308259 

.308867 

.809474 

.310080 

.310685 

.311289 

.311893 

9.812495 

.313097 

.313698 

.314297 

.314897 

.315495 

.310092 

.316689 

.817284 

9.817879 

10 82 
10.82 

10 78 
10.77 

10 77 

10 73 

10 73 

10 70 

10 70 
10 67 
10.67 

10 63 
10 63 
10 60 
10 60 

10 57 
10 57 
10 55 
10 52 
10 52 
10 50 

10 48 
10 47 
10.45 
10 43 
10 42 
10 40 
10.40 
10.87 
10 35 
10.35 

10 32 
10 32 
10.30 
10 27 
10 27 
10 25 
10 23 
10 23 
10 20 
10.18 

10.18 
10 15 
10.15 
10 13 
10 12 
10.10 
10 08 
10.07 
10.07 
10.08 
10.03 
10.02 

9 98 
.10.00 
9.97 
9.95 
9.95 
9.92 
9.92 

9.991947 

.991922 

.1)91897 

991878 

.991848 

.991823 

.991799 

.991774 

.991749 

991724 

.991699 

9 991674 
.991649 
.991624 
.991599 
991574 
991549 
.991524 
.991498 
.991473 
.991448 

9.991422 

.991397 

.991372 

.991346 

.991321 

.991295 

.991270 

.991244 

.991218 

.991193 

9.991167 

.991141 

1 .991115 
! .991090 
! .991064 

i .991088 
.991012 
.990986 
990960 

1 .990934 
9 990908 
! .900882 
.990855 
, .900829 
i .990803 
! .990777 
.990750 
.990724 
.990697 
.990671 

9.990645 
.990618 
.990591 
.990565 
! .990538 
.990511 
.990485 
.990458 
< 990431 
9.990404 

, 

.43 1 
.43 
.40 
.42 , 
.42 ! 
.40 | 
.42 
.42 ! 
42 1 
.42 | 
.42 

.42 

42 

.42 ! 
.42 1 
.42 i 
.42 1 
.43 
.42 
.42 
.43 

.42 

.42 

.43 

.42 

.43 

.42 

.43 

.43 

.42 

.43 

43 
.43 
.42 
.43 

43 

.43 

.43 

.48 

.43 

.43 

.43 

.45 

.43 

.43 

.43 

.45 

.43 

.45 

.43 

.43 

.45 

.45 

.43 

.45 

.45 

.43 

.45 

.45 

.45 

9 288652 
.289326 
.289999 
290671 
.291312 
.292013 
.292682 
.293350 
.294017 
.294684 
.295349 

9.296013 

.296677 

.297389 

.298001 

.298662 

.299322 

.299980 

.300038 

.301295 

.301951 

9.302607 

.303261 

.303914 

.304567 

.305218 

.305869 

.306519 

.307108 

.807816 

.308463 

9.309109 

.309754 

.310899 

.311042 

.311685 

.312327 

.312968 

.313008 

.814247 

.314885 

9.815523 
.316159 
.316795 
.317430 
.818064 
.318697 
819330 
.319961 
.320592 
' .821222 
j 9.321851 
.322479 
.323106 
.823733 
.824358 
.824983 
. .825607 
.828231 

I .320853 
| 9.327475 

11 23 1 
11 22 | 
11.20 

11 18 

11 18 
11.15 

11 13 

11 12 
11.12 

11 08 

11 07 

11.07 

11 03 

11 03 
11.02 
11 00 
10 97 
10 97 
10 95 
10 93 
10 93 

10 90 
10 88 
10 88 
10 85 
10 85 
10.83 
10 82 
10.80 
10.78 
10 77 

10 75 
10 75 
10 72 
10.72 
10 70 
10 68 
10.67 
10.65 
10.63 
10.63 

10 60 
10 60 
10.58 
10.57 
10.55 
10.55 
10.52 
10.52 
10.50 
10.48 
10.47 
10.45 
10.45 
10.42 
10.42 
10.40 
10 40 
10 37 
10.37 

10.711348 

.710674 

.710001 

.709329 

.708658 

.707987 

.707318 

.706650 

.705983 

.705:316 

.704651 

10.703987 
.708323 
.702661 
.701999 • 
.701338 
.700678 
.700020 
.699362 
.698705 
.698049 

10.697393 

.696739 

.696086 

.695433 

.694782 

.694131 

.693481 

.692832 

.692184 

.691537 

10.690691 

.600246' 

.689601 

.688958 

.688315 

.687678 

.687032 

.686392 

.685753 

.685115 

10.684477 

.683841 

.683205 

.682570 

.681936 

.681303 

.680670 

680039 

.679408 

.678778 

10.678149 

.677521 

.676894 

.076267 

.675642 

.675017 

.674898 

.673769 

.673147 

10.672525 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

87 

36 

35 

34 

38 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

16 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8* 

7 

6 

5 

4 

3 

8 

1 

0 

/ 

Cosine. 

D.r. 

i Sine. 

1 p. r. 

1 Cotang. 

p. r. 

Tang. 
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12° LOGARITHMIC SINES, COSINES, TANS AND COTANS. 167* 


' Sine. 

D. r. 1 

Cosine. 

D. V. | 

Tang. 

D. 1*. 

Cotang, j 

0 

9.317879 

9.90 

9.88 

9.990404 

.43 

.45 

.45 

.45 

.45 

.45 

.47 

.45 

.45 

.45 

.45 

9.327475 

10 33 
10.33 
10 32 
10.32 
10 28 
10 28 
10 27 
10 25 
10.25 
10.22 

10.672525 j 

1 

2 

.818413 

.3190(3(3 

.990378 

.990351 

.328095 

.328715 

.671905 

.671285 

8 

.319(358 

9 87 

9 85 1 
9.85 

9 83 

9 82 

9.HO 

9 78 

9 77 
9.77 1 

.990321 

.329334 

.670666 1 

4 

.320249 

.99029? 

.329953 

.670047 ! 

5 

.320840 

.990270 

.330570 

.669430 

6 

.821430 

.990243 

.331187 

.668813 ! 

7 

.322019 

.990215 

.331803 

.668197 : 

8 

.322(307 

.990188 

.332418 

.667582 | 

9 

.323194 

.990161 

.33(1033 

.666967 1 

10 

.323780 

.990134 

.333646 

10>2 

.666354 

1 

11 

9.324366 

9.73 

9 73 

9 72 

9.990107 

.47 

.45 

.45 

.47 

.45 

.47 

.45 

.47 

.45 

.47 

9 334259 

10.20 
10.18 
10.18 
10.15 
10.15 
10 13 

10.665741 

12 

.324950 

.990079 

.334871 

.665129 

13 

.325534 

.990052 

.335482 

.664618 

14 

.826117 

.990025 

.330093 

.663907 

15 

.326700 

9 72 

9 68 
9.68 

9 67 

9 65 

9 63 
9.62 

.989997 

.336702 

.663298 | 

16 

.827281 

.989970 

337311 

.662689 ! 

17 

.327862 

.989942 

.337919 

10 13 
10 10 
10 10 
10 .U8 

.662081 i 

18 

.328442 

.98991;', 

.888527 

.661473 

19 

.329021 

.989887 

.339133 

.C00867 

20 

.329699 

.989860 

.339739 

.000261 

21 

9.830176 


9.989832 

.47 

.45 

.47 

.47 

9.340344 

10.07 
10 07 
10.05 
10 08 
10.02 
10 oo 

10.659656 

22 

.880753 


.989804 

.340948 

.659052 

23 

.831329 

9 60 
9.57 

9 58 

9 55 

9 55 

9 52 

9 53 
9.50 
9.48 

.989777 

.841552 

.658448 

24 

.831903 

.989749 

.342155 

.657845 

25 

.332418 

.969721 

.342757 

.657243 

2(3 

.333051 

.989693 

4” 

.343858 

.656642 

27 

.833624 

.989665 

i47 

.45 

.47 

.48 

.343958 

io!oo 

9 98 
9.97 
9.97 

.656042 

28 

.334195 

.989637 

.844558 

.655442 

29 

.334767 

J .989610 

.345157 

.654848 

80 

.335337 

| .989582 

.345755 

.654245 

81 

9.335906 

9 48 

9 47 
9.45 

9.989553 

.47 

.47 

9.340353 

9.93 

9 93 
9.93 
9.90 
9.90 

9 88 

10.653647 

.336475 

.989525 

.340019 

.653051 

83 

.337043 

.989497 

.347545 

.652455 

34 

.337610 

i .989469 

4" 

.348141 

.651859 

85 

.338176 

9.43 

9 43 
9.42 
9.40 
9.38 

.989441 

]47 

.47 

.48 

.47 

.47 

.48 

1 .348735 

.651265 

36 

.338742 

.989413 

1 .349329 

.650671 

37 

.339307 

.989385 

I .349922 

9 87 
9.87 

9 85 
9.83 

.650078 

88 

.839871 

.989356 

.350514 

.649486 

39 

.840434 

.989328 

.351106 

.648894 

40 

.340996 

9 37 
9.37 

.989300 

.351697 

.648303 

41 

9.341558 

9 35 
9.33 
9.33 

9 30 

9 30 

9 28 

9.989271 

.47 

.48 

.47 

.48 

.48 

.47 

.48 

.48 

.47 

.48 

9.352287 

9 82 

10 647713 

42 

.342119 

! .989243 

.352876 

9 82 
9.80 

.647124 

43 

.342679 

.989214 

.353465 

.646535 

44 

.343239 

i 989186 

.354053 

9!t8 

.645947 

45 

.843797 

.989157 

.354040 

9*78 

.645360 

46 

.844355 

, .989128 

.355227 

9 77 

.644773 

47 

.344912 

: .989100 

.355813 

9 75 
9 73 

.644187 

48 

.345469 

9.28 

9.25 

9.25 

9.25 

.989071 

.356398 

.648602 

49 

.846024 

l .989042 

1 .350982 

9 73 

.643018 

50 

.846579 

I .989014 

j .357566 

9 72 

.642484 

51 

9.847134 

9 22 

9 22 
9.20 
9.18 
9.17 
9.17 
9.15 

9 13 
9.13 

9.988985 

.48 

.48 

.48 

AR 

9.358149 

9.70 

i0 641851 

52 

.847687 

! .988956 

.358731 

9 10 

.041269 

53 

.848210 

1 .988927 

.359313 

9 67 
9 68 

.640687 

54 

.348792 

1 .988898 

.359893 

.640107 

55 

.349343 

.988869 

.'K5 

.360474 

9.65 
9.65 
9 63 

.639526 

56 

.349893 

; .988840 

/IQ 

.861053 

.638947 

57 

.350443 

1 .988811. 

.48 

.48 

.48 

.48 

.861682 

.638368 

58 

.350992 

! .968782 

.362210 

9.62 
9 63 

.637790 

59 

.361540 

.988753 

.362787 

! .637218 

60 

9.852088 

9.988724 

9.363364 

1 10.636636 

/ 

Cosine. 

D. i*. 

i Sine, 

D. 1*. 

Cotang. 

D. V. 

1 Tang. 


19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 
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IS 0 LOGARITHMIC BINES, COSINES, TANS AND COTaNS. 166° 


' j Sine. | 

I). T. 

Cosine, j 

d. v .!! 

Tang. 

d. r. 

Cotang. | 

0 

9.352088 

9.12 

9.10 

9.08 

9.08 

9 07 
9.05 
9.05 
9.03 
9.02 

9 00 
9.00 

9.988724 ! 

.48 

.48 

50 

48 ' 
48 
.50 
.48 ! 
.50 i 
.48 
.50 
.48 ! 

9.363364 

9 60 
9.58 

9 58 

9 57 

10.036636 

1 

.862635 

.988695 

.363940 

.630060 

2 

.353181 

.988600 

364515 

.635485 

3 I 

.353726 

.988630 

.365090 

.634910 

4 

.354271 

.988607 

.365664 

.684336 

5 { 

.354815 

.988578 

.366237 


.683763 

G ! 

.355358 

.988548 

.360810 

9 55 

9 53 

9 52 

9 52 

9 50 

9 48 

.633190 

7 | 

.355901 

.988519 

.867382 

.632618 

8 1 

.356443 

.988489- 

.367953 

.632047 

9 , 

.356984 

.988460 

.868524 

.631476 

10 | 

.357524 

.988430 

.369094 

.630906 

11 . 

9.358064 

8.98 

8 97 

8 95 

8 95 
8.95 

8 92 

8 92 

8 90 

8 88 

8 88 

9.988401 

.50 ! 

.48 1 

.50 

.50 

.50 

.48 

.50 

.50 , 

.50 

.50 i 

9.369(j63 

9.48 

9.45 

9 47 
9.43 

9 43 
9.42 
9.42 

9 40 

9 38 
9.38 

10 630337 

12 , 

.358603 

.988373 

.370232 

.629768 

13 ; 

.359141 

.988342 

.370799 

.629201 

14 

.359078 

.988312 

.371307 

.628638 

15 

.360215 

.988282 

.871933 

.628067 

•16 

.860752 

.988252 

.372499 

.627501 

17 

3G12H7 

.988223 

.373064 

.626986 

18 

.361822 

.988193 

.373629 

.626371 

19 

20 

.362356 
.362889 

.988163 

.988133 

.374193 

.374756 

.625807 

.625244 

21 

9.363422 

8 87 

8 85 

8 85 

8 83 

8 82 

8 82 

O l“fl 

9.988103 

.60 | 

.50 

.50 

.50 

.50 

.52 

.50 

.50 

.50 

.52 

9 875319 

9.37 

Q SR 

10 624681 

22 

.363954 

.988073 

.375881 

024119 

23 , 

.364485 

.988043 

.37 64-12 

9.35 

.623558 

24 

.365016 

.988018 

.377003 

.622997 

25 

.3G5M6 

.987983 

.377563 

9is2 

9.32 

9 30 

.622437 

26 

27 

.366075 

.866604 

.987953 

.987922 

.378122 

.378681 

.621878 

.621319 

28 

29 

.367131 
.367659 

o <o 

8 80 

8 77 
8.77 

.987892 

.987862 

.379239 
i . 371)7 97 

9^30 

9.28 

9.27 

.620761 

.620203 

80 

.368185 

.987832 

.880354 

.619646 

31 

9.368711 

8 75 
8.75 
8.72 

8 72 

9.987801 

.50 

.52 

.60 

.52 

.50 

.52 

.50 

.52 

.52 

.50 

9 380910 

9.27 

9.23 

9.25 

10.619090 

32 

.369230 

! .987771 

; .381406 

.618534 

33 

.869761 

.987740 

.382020 

.617980 

31 

.370285 

.987710 

.382575 

.617425 

85 

.870808 

.987679 

, .383129 

9^22 

9.20 

9.20 

9.18 

9.18 

9.17 

.616871 

86 

.871330 

8 <u 

8 70 

8 68 

.987649 

.883682 

.616318 

87 

.371852 

.987618 

i .884284 

.615766 

38 

.372873 

.987588 

.884186 

.615214 

39 

.872894 

8.68 

8.67 

8.65 

.987557 

.385337 

.614663 

40 

.373414 

.987526 

.385888 

.614112 

41 

9.873938 

8.65 

9.987496 

.52 

.52 

.52 

.52 

.52 

.52 

.52 

9.386488 

9.15 
9 15 
9.13 
9 12 
9 12 
9 10 

10 613562 

42 

.874452 

.987465 

, .380987 

.613018 

43 

.874970 

8 63 
8.62 

8 60 

8 60 

8 (.0 

.987434 

1 .387536 

.612464 

44 

.375487 

.987403 

■ .888084 

.611916 

45 

.376003 

.987372 

' .388631 

.611369 

46 

.376519 

.987341 

.389178 

610822 

47 

.377085 

.987310 

: .389724 

9 10 
9 08 

. .610276 

48 

.377549 

8 57 

.987279 

.390270 

.609730 

49 

.378063 

8 57 

.987248 

.52 

.52 

1 .31(0815 

9 u8 
9.05 

.609185 

50 

.378577 

8 57 
8.53 

8.53 

8.53 

8.52 

8.50 

8 48 
8.48 
8.48 

8 45 

8 4o 

.987217 

.391360 

| .608640 

51 

9-379089 

9.987186 


9.391903 

9 07 

j 10.608097 

52 

.879601 

.987155 

iS 

.53 

r.o 

.392447 

9 03 
9 0.3 

1 .607558 

53 

.880113 

.087124 

.392989 

.607011 

54 

.880624 

.987092 

.393531 

0.03 
9.02 
• 9 00 
9.00 
8 98 

.606469 

55 

.8811134 

.987061 

.52 

53 

.52 

.52 

.53 

_ 

.394078 

I .605927 

56 

.381643 

.987030 

.394614 

.605886 

57 

58 

.882152 

.382661 

.986998 

986967 

.395154 

.395694 

I .604846 
i .604306 

59 

.388168 

.986986 

.396233 

8.97 

.603767 

GO 

9.388675 

9 986904 

9.396771 

j in.imas 


Cosine. 

: D. 1 \ 

Sine. 

I i). r. 

Cotang. 

1 1). r 

Tang. 


<50 

59 

58 

57 
56 
55 
54 

58 
52 
51 
50 
49 
48 
47 
46 
46 
44 
43 
42 
41 
40 


81 

80 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 


103° 


1*43 y] 
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14° LOGARITHMIC SINKS, COSINES, TANS AND COTANS. 183° 


* 

Sine. 

D. r. 

Cosine. | 

D.r. 1 

Tang. 

D. 1\ 

Cotang. | 

] 

' 

0 

A 

2 

3 

4 

5 

6 

8 

9 

10 

11 

12 

13 

14 

15 

16 
ir 
18 

19 

20 

21 

22 

23 

24 

25 
20 

27 

28 

29 

30 

31 

32 
38 

34 

35 

36 

37 

38 

39 

40 

41 
•12 

43 

44 

45 
40 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

9.383675 

.384182 

.384087 

.385192 

.885697 

,386201 

.386704 

.387207 

.387709 

.388210 

.388711 

9.389211 

389711 

.890210 

.390708 

.391206 

.391703 

.392199 

.392695 

.393191 

.393685 

9.394179 

.394673 

.395106 

.395658 

.396150 

.396641 

.397132 

.397621 

.398111 

.398600 

9.399088 

.399575 

.400062 

..400519 

.401035 

.401520 

.402005 

.403489 

.402972 

.403455 

9.403938 

.404420 

.404901 

.405382 

.405862 

.406341 

.400820 

.407299 

.407177 

.408254 

9.408731 

.409207 

.409682 

.410157 

.410632 

.411100 

.411579 

.412052 

.412534 

9.412996 

8.45 

8.42 

8.42 

8.42 

8.40 

8.38 

8.138 

8.37 

8.35 

8.35 

8.33 

8.33 

8.32 

8.30 

8.30 

8.28 

8.27 

8.27 

8.27 

8.23 

8.23 

8 23 
8.22 

8 30 

8 20 

8 18 
8.18 
8.15 
8.17 

8 15 

8 13 

8 12 

8 12 

8 12 

8 10 
8.08 
8.08 
8.07 

8 05 
8.05 
8.05 

8.03 

8.02 

8.02 

8.00 

7.98 

7.98 

7.98 

7 97 
7.95 
7.95 

7.93 

7.93 

7 92 

7 92 
7.90 
7.88 

7 K8 

7 87 
7.87 

9.986904 

.986873 

.986841 

.986809 

.986778 

.986746 

.986714 

.986683 

.986651 

.986619 

.986587 

9.986555 

.986523 

.986491 

.980459 

.986427 

.980395 

.986363 

.980331 

.980299 

.980260 

9.986234 

.986202 

.986169 

.986137 

.986104 

.986072 

.986039 

.986007 

.985974 

.985942 

9.985909 

.985870 

.985843 
.985811 
.985778 
.985745 
.985712 
.985079 
.985646 
.985613 
| 9 985580 
! .985547 
, .985514 
! .985480 
j .985447 
! .985414 
.985381 
.985347 
.985314 
.985280 
9.985217 
.985213 
.985180 
.985140 
.985113 
.985079 
.985045 
.985011 
! .984978 
' 9 984944 

.52 i 
.53 ' 
.53 ; 
.52 
.53 i 
.53 ; 
.52 1 
.53 
.53 
.53 i 
.53 j 
.53 ! 
.53 
.53 : 
.53 ' 
.53 ! 
.53 i 
.53 | 
.53 
.55 
.53 

.53 ; 
.55 ; 
.53 . 
.55 | 
.53 ! 
.55 ! 
.53 
.55 
.53 
.55 

.55 

.55 

.53 

.55 

.55 

.55 

.55 

.55 

.55 

.55 

.55 

.55 

.57 

.55 

55 

.57 

.55 

.57 

.55 

.57 

.55 

.57 

.55 

.57 

.57 

.57 

.55 

.57 

isiiiii Mitsui ISiSIii j iSISii til SSIStllSi IiiitlltiSs 

8.97 

8.95 

8 95 

8 93 

8 93 

8 92 
8.90 
8.90 

8 88 

8 88 
8.87 
8.65 

8 85 

8 85 

8 83 

8 83 

8 80 

8 80 
8.80 

8 78 
8.77 

8.77 

8.75 

8.75 

8 73 

8 73 

8 72 

8 72 

8 10 
8.08 
8.68 

8 67 

8 67 

8 65 

8 65 

8 63 
8.03 

8.62 

8 60 

8 60 
8.60 

8 58 

8 57 

H 57 

8 57 

8 55 

8 55 

8 53 
8.52 

8 52 
8.50 

8 18 

8 50 

8 17 

8 47 

8 47 

8 45 

8 45 

8 43 
8.42 

10.603229 

.602691 

.602154 

.601617 

.601081 

.600545 

.600010 

.599476 

.598912 

.598409 

.507876 

10.5973-14 

.596813 

.596282 

.595751 

.595222 

.594692 

.594104 

.593036 

.593108 

.592581 

10.592055 

.591529 

.591004 

.590479 

.5891155 

.589431 

.588908 

.588385 

.587803 

.587342 

10.586821 

.580301 

.585781 

.585202 

.584743 

.584225 

.583707 

.583190 

.582674 

.582158 

10.581642 

.581127 

.580013 

.580099 

.579585 

.519073 

.578560 

.578018 

.571537 

.577026 

10.570516 

.570007 

.575497 

.574989 

.574481 

.573973 

.573400 

.572959 

.572453 

10.571948 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 . 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

83 

82 

31 

30 

29 
28 
27 
20 
25 
24 
23 
22 
21 
j 20 
19 
18 
17 
! 16 
15 

1 14 
‘ 13 

: 12 

ii 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

*T 

Cosine. 

D. 1'. 

1 Sine. 

ITiT 

Cotang, i D. 1*. 

1 Tang. 



fM<! 


104' 
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15 ° LOGARITHMIC SISKS, COSINKS, TANS AND OOTANS. 164 ° 


» 

Bine. 

D.r. 

Cosine, j 

D. 1*. 

Tang. 

D. 1\ 

Cotang. 

t 

0 

9.412996 

7.85 

7.85 

9 984944 

.57 

.57 

.57 

.57 

.57 

.57 

.57 

9.428052 

8.43 

8.40 

8.40 

8.40 

8.38 

8.37 

8 37 
8.37 
8.35 

8 33 
8.33 

10.571948 

60 

1 

.413467 

.984910 

.428558 

.571442 

59 

2 

.413938 

.984876 

.429062 

.570988 

58 

3 

.414408 


.984842 

.429560 

.570434 

67 

4 

.414878 

7.82 

7.80 

7 80 

7 80 

.984808 

.430070 

.569930 

56 


.415347 

.984774 

.430573 

.569427 

65 

0 

.415815 

.981740 

.431075 

.508925 

54 


.416283 

.984706 

.431577 

.568423 

53 

8 

.416751 

.981672 

!'f>7 

.58 

.432079 

.567921 

52 

0 

.417217 

r - 

.984638 

.432580 

.567420 

51 

10 _ 

.417684 


.984603 

.433080 

.566920 

50 

11 

9.418150 


9 984569 


9.433580 

8.88 

8.32 

8 32 

8 30 

8 28 

8 28 

8 28 
8.27 

10.506420 

49 

12 

.418615 

7.73 

.984535 

.58 

.434080 

.565920 

48 

13 

.419079 

.984500 

.4:44579 

.565421 

47 

14 

.419544 

7 72 

7'72 

.984466 

'r~ 

.435078 

.564922 

46 

15 

.420007 

.984432 

.58 

.57 

.58 

.435576 

.564424 

45 

.ic 

.420470 

.984397 

.436073 

.563927 

44 

17 

.420933 

7~70 

.984363 

.436570 

.563430 

43 

18 

.421395 

984328 

437067 

.562933 

42 

19 

.421857 

7.68 

7.67 

.984294 

.58 

.58 

.437563 

.562437 

41 

20 

.422318 

.984259 

.438059 

8.25 

.561941 

40 

21 

9.422778 


9.984224 

-r- 

9 438554 

8.23 

10 561446 

39 

22 

.423238 


.984190 

.58 

.58 

.58 

.58 

.58 

.57 

.58 

.58 

.60 

.58 

.58 

.58 

.58 

.58 

.60 

.58 

.409048 

.560952 

38 

23 

.423697 


.984155 

.439543 

8.22 

8 22 

8 22 

8 20 

8 20 
8.18 
8.18 
8.18 

8 15 

8 17 

8 15 
8.13 
8.13 
8.13 
8.12 
8.10 
8.10 
8.10 

8 08 

8 08 

8 07 
8.07 
8.05 
8.05 

8 05 

8 03 

8 02 
8.02 

.56(457 

37 

24 

.424156 


.904120 

.440036 

.559964 

30 

25 

.431615 


.984085 

.440529 

.559471 

35 

26 

.425073 


.984050 

.441022 

.558978 

34 

27 

.425530 


.984015 

.441514 

.558486 

33 

28 

•425987 


.983981 

.412006 

.557994 

32 

29 

.426443 


.9811916 

.412497 

.557503 

31 

30 

31 

.426899 

9.427354 

7 58 

.983911 

9.983875 

| .442988 
9.4-13479 

.557012 

10.556521 

30 

29 

32 

.427809 


.983840 

.443908 

.556032 

28 

33 

.428263 


.983805 

.444458 

.555542 

27 

34 

.428717 


.983770 

.144947 

.555053 

26 

35 

.429170 


.983735 

.445405 

.554505 

25 

36 

.429623 

7.53 

.983700 

.445923 

.554077 

24 

37 

.430075 

.983664 

.446411 

.553589 

23 

38 

.430527 


.983629 

.446898 

.553102 

22 

38 

.430978 


.983594 

.60 

.58 

.447384 

.552616 

21 

40 

41 

.431429 

9.431879 

7.50 

7.50 

.983558 

9.983523 

.447870 

9.448350 

.552180 

10.551644 

20 

19 

42 

.432329 

.983487 


.448841 

.551159 

18 

43 

.432778 

7.47 

: .983452 


.449026 

.550674 

17 

44 

.433226 

.983416 


.449810 

.550190 

16 

45 

.413675 

7.45 

.983381 


.450291 

.549706 

15 

46 

.434122 

.983345 

.60 

.60 

.58 

.60 

.60 

.450777 

.549223 

14 

47 

.434569 


.983309 

.451260 

.548740 

18 

48 

.435016 


.983273 

.451743 

.548257 

12 

49 

.435162 


.983238 

.452225 

.547775 

11 

60 

51 

.435908 

9.436353 

7.42 

7.42 

.083202 

9.983160 

.452706 

9.453187 

.547294 

10.546818 

10 

9 

52 

.436798 

.983130 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

4506C8 

8 00 

8 00 
•7 98 

i .546832 

8 

63 

.437242 


.98801!! 

.454148 

j .545852 

7 

51 

.437686 


.983038 

; .451028 

.545372 

6 


.438129 


.983022 

.455107 

.544893 

5 

56 

.438572 


.982986 

1 455586 

7.97 
'7 97 
7.95 
7.95 

.544414 

4 

57 

.439014 

7 87 

7 35 

.982950 

i 456064 

.543936 

3 

58 

.439156 

.982914 

456542 

.543458 

o 

59 

.439897 

.982878 

.457019 

.542981 

1 

00 

9.440338 


9.982842 


9.457490 

10.542504 

0 

# 

Cosine. 

d. r. 

i Sine. 

D. r. 

Cotang. | D. 1*. 

Tang. 

/ 
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[144 a] 
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16° LOGARITHMIC SINES, COSINES, TANS AND COTANS. 163° 
t | sine. I D.l\ II Cosine. I D. 1*. |l Tang. I D. 1'. | Cotang. ! ' 


0 ; 9.44051518 

1 i .440778 

2 | .441218 
8 I .441658 

4 . 44205)0 

5 .442535 

6 .442973 

? .443410 

8 . 4438-17 

9 .444284 

10 .444720 

31 9.445155 

32 .44555)0 

33 .446025 

14 .446459 

35 .446893 

16 .447326 

17 .447759 

18 .448191 

19 .448623 

20 .449054 

21 9.449485 

22 .449915 

23 .450345 

24 .450775 

25 .451201 

26 .451632 

27 .452060 

28 .452488 

29 .452915 

30 .453342 

31 9.453708 

82 .45419-1 

33 .454619 

04 .455044 

35 .455469 

86 .455893 

37 .450316 

38 .450739 

39 .457162 

40 .457584 

41 9.458006 

42 .458427 

45 .458818 

44 .459268 

45 .459688 

46 .400108 

47 .400527 

48 .460946 

49 .461364 

50 .461782 

51 9.462199 

52 .462616 

63 .463032 

54 .463448 

65 .463864 

56 .464279 

57 .464694 , 

58 .485108 | 


i! 9.982812 
I 982805 
: .982769 

j .982733 
i .982696 
I .982060 ! 
1 ! .982024 
982587 
982551 
' 982514 

:j .982477 


• .477142 

•.XX .477601 

.478059 
•jS .478517 

•52 .478975 

■J5 .479432 

*SS -479889 

•"j .480345 

•£j* I .480801 


X£ .483529 

■5“ .483982 

•55 .484435 

•52 .481887 


10.542504 60 
542027 i 59 
541551 | 58 
.541075 . 57 
.540600 56 

.540125 55 

i .5515)651 54 

: 539177 • 553 

j .538703 52 

5382510 51 
.537758 50 

i 10 537285 49 
.536814 48 

5365142 ‘ 47 
535872 46 
.535401 45 

.534931 44 
1 .5514461 43 

.533992 , 42 
.5335251 1 41 
I .533055 | 40 
I 10 532587 i 39 
| .532120 38 

531653 37 
531186 36 
! 530720 35 

I 551025-4 514 
I .529789 33 
I .529824 i 82 


r-o 10 527931 29 

t~ .527468 28 

‘7, .527005 27 

.526513 26 
JX 526081 25 

.525619 24 
•a .525158 23 

XX I .524697 22 

Xi .5242517 21 

jg. .523777 20 

10 5251317 19 

!X .522858 18 

!!\ > 522399 , 17 

XX .521941 16 

.5214851 ■ 15 
X!, .521025 14 

Xo .520568 • 13 

XX .520111 . 12 

XX .519655 11 

.519199 i 10 
10 518748 1 9 

.518288 I 8 
X? .517838 1 7 

H .517379 6 

■% .516925 j 5 

.516471 i 4 
XX .516018 ! 3 

X” .515565 ! 2 


7 »‘ 




17° looarithmm: hinds, cohinbs, tans and cotahh. 163° 


i Cosine. I I) r. 


$ 

Sine. | 

1 

P.r. 

CoRine. 

D. 1\ ! 

Tang. 

D. 1'. I 

Cotang. 

' 

9 

9 4G5935 

6.88 ! 

9 980590 

.63 

9 485339 ! 

7 53 

10.514661 

60 

1 

.406348 

.9K0558 

485191 ’ 

.514209 

59 

t 

4GG7G1 

6 87 !, 
6 87 ! 

6 85 .1 

.980519 

.65 

.63 

.480242 

l, 

513758 

58 

3 

467173 

.980480 

.480093 

7 ! 50 
7.50 
7.50 

7 48 

7 48 

7 48 

.513307 

57 


.467585 

.980442 

.4871 13 

.512857 

56 

5 

407996 

.980403 

.65 
.65 
.65 • 
.63 
.65 
.65 , 

.487593 

.512407 

55 

G 

408407 

6 83 1 
6 83 i 
6 83 i 

6 82 j 
6 82 | 

.980301 

.488043 

.511957 

54 

8 

9 

.468817 
.469227 
.409637 i 

.980325 

.980286 

.980247 

.488192 

.488941 

.48935)0 

.511508 
.511059 
.510010 i 

53 

52 

51 

10 

470016 1 

.980208 

.489838 j 

7.47 

.510162 

50 

11 

9 470455 

6 80 

6 80 

6 80 

6 78 i 
6 77 j 

9 980109 

.65 1 
.65 

65 

.67 < 
.65 1 
.65 1 
.65 . 
.67 ! 
65 

9.490280 j 

7 45 

7 45 

7 45 

7 43 

7 43 

7 43 

7 42 

7 40 

7 12 

7 40 

10.509714 

49 

12 

.470863 : 

.980130 

.490733 ! 

.509267 

48 

13 

.471271 I 

.980091 

.491180 | 

.508820 

47 

14 

.471679 

.980052 

.491627 | 

.508373 

40 

15 

.472086 , 

.980012 

.492013 

.507927 

45 

1 G 

4?«! 

.979973 

.492519 

.507481 

44 

’17 

4728518 j 

6 77 | 

979931 

.492905 

.507035 

43 

18 

.473:101 j 

.979895 

.493110 

500590 

42 

19 

.473710 i 


.979855 

.493854 

.506146 

41 

20 

.474115 j 

6 73 j 

.979810 

.494299 

.505701 | 

40 

21 

9 474519 ! 

6 73 ; 
6 73 1 

9 979776 

.65 
.67 ! 
.65 ! 
.67 . 
.65 | 
.67 ! 
.67 1 
.67 i 
.65 | 
.67 | 

9 104743 

7 38 

7 40 

7 38 

10 505257 

39 


.474923 1 

.979737 

.495180 

.504814 

38 

23 

.4'5327 1 

.979697 

.495030 

.504370 

37 

24 

4757:10 1 


.979658 

490073 

.503927 

30 

25 

476111 , 

6.72 : 
i 6 70 

6 70 I 
6 68 | 
6 68 ! 
6.67 1 

.979618 

.490515 

7 37 

7 37 

7 37 

7 35 

7 33 
7.35 

.503485 

35 

26 

476516 

.979579 

.490957 

.503043 

34 

27 

.4769:18 ' 

.979539 

.497399 

.502601 

33 

28 

.477340 

.979499 

.497841 

.502159 

82 

29 

477741 

.979459 

.498282 

.501718 

: 31 

30 

.4781I2 

.979120 

.498722 

.501278 

30 

31 

1 9.478542 

i 6.07 i 
G 07 1 

9.979380 


9.499103 


10.500837 

: 29 

32 

478912 

.979310 

.67 

.499003 

7.32 

.500397 

28 

33 

.479312 

.979300 

.500042 

.499958 

27 

34 

.479711 


.979260 

or 

.67 

.67 

.67 

.68 

.67 

.67 

.500481 

7 32 
7.32 
7.30 
7.30 
7.28 

7 28 
7.28 

.499519 

26 

35 

! .480140 

0 05 1 
G.63 
0.62 

.979220 

.500920 

.499080 

25 


! .480539 

.979180 
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18° UXIABITHMIC SINES, COSINES, TANS AND COTANS. 161° 
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d. r. 
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.499204 

.977209 

.521995 

.478005 

36 

ST. 

.499584 


.70 

.70 

.522417 

.477583 

35 

SB 

.499903 

.977125 

.522838 

.477162 

31 

27 

.500312 

.977083 

.523259 

.476741 

83 

28 

.500?21 

.977011 

.70 

.523080 
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.530366 

.469634 

16 

45 

.507099 

.970818 

.530781 

.469219 

15 

46 

.507471 

.976275 

.72 

.531196 

.408804 

14 

47 

.507843 

.976232 

.531011 

6.90 

6 90 
6.90 
6.88 

.468.389 

13 

48 

.508214 

.976189 


.532025 

.467975 

12 

49 

.508585 

.976146 

532439 

.467561 

11 

50 

.508956 

.976103 

.72 

.532853 

.467147 

10 

51 

9.509326 

6 17 
6.15 

6 15 

6 15 

6 15 
6.13 

6 12 

6 13 
6.12 

9.976060 

.72 

.72 

.73 

9.533266 

6 88 

10.466734 

9 

52 

.509696 

.976017 

.5313679 

.466321 

H 

53 

.510065 

.975974 

.534092 

6 87 
6.87 

6 87 

6 85 

6 85 
6.85 

.465908 

7 

54 

.510434 

.975930 

.534504 

.465496 

6 

55 

.510803 

.975887 

.72 

.73 

.72 

.72 

.78 

.534916 

.465084 

5 

66 

.511172 

.975844 

.535328 

.464672 

4 

57 

.511540 

.975800 

.535739 

.464261 

3 

58 

.511907 

.975757 

.536150 

.463850 

2 

59 

.512275 

.975714 

.536561 

.468439 

1 

60 

9.512642 

9 975670 

9.580972 

°’ 8G 

10.468028 

0 

' 

Cosine. ! D. 1*. 

Sine. 

D. 1*. 

Cotang. 

D.r. 

Tang. | ' 


108' 


ri44A 


71' 







LOGARITHMIC SINKS, COSINKS, TANS AND COTANS. 160° 
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20° LOGARITHMIC SINKS, COSINKS, TANS AND COTANS. 159 c 
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B8° LOGARITHMIC SINES, COSINES, TANS AND COTANS. 157° 
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88 ° LOGARITHMIC SINKS, COSINKS, TANS AND COTANS. 136 ° 
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.92 

.042434 

.357566 

18 

43 

.004457 

.M680 

.642777 

.857223 

17 

44 

.604745 

.1X51624 

.643120 

.356880 

16 

45 

.605032 

.901569 

.613403 

.356537 

15 

46 

,005319 

.901513 

.92 

.98 

.93 

.93 

.92 

.643806 

.356194 

14 


.605006 

.961458 

.644148 

.355852 

13 

48 

.605892 

.961402 

.644490 

.355510 

12 

49 

.000179 

.961346 

.644832 

5.70 

5.70 

.355168 

11 

50 

.606465 

4 77 

4 75 

.961290 

.645174 

.354826 

10 

51 

9.606751 

9.961235 


9.645510 

5.68 

5.70 

5.68 

5.68 

5.68 

6.67 

5.68 
5.67 
5.67 

10.854484 

9 

52 

.607036 

.1X51179 


1 .645857 

.354143 

8 

63 

.607322 


.961123 


i .646199 

.353801 

7 

54 

.607607 

4 75 
4.75 

4 73 

4 73 

4 73 
4.73 

.961067 


1 .646540 

.853460 

6 

55 

.607892 

.961011 


.646881 

.858119 

5 

56 

.608177 

.960955 

on 

1 .647222 

.352778 

4 

57 

.008461 

.960899 

98 

.047562 

.352488 

8 

58 

.608745 

.960843 

.95 

.93 

; .047903 

.852097 

2 

59 

.609029 

.960786 

ji .648243 

.351757 

1 

60 

9.609313 

9.960730 

9.648583 

10.£51417 

0 

t 

| Cosine. 

D. 1*. 

I Sine. 

1 V. V. 

ii Cotang. 

D. 1\ 

Tang. 

' 


66 * 
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|° LOGAKITHMIC SINKS, COSINES, TANS AND COTANS. 


iiW 


Sine. | D. I 


Cosine. 


D. r. 


Tang. 


9.609313 

.609597 


5 

1 

2 , 

3 .610164 

4 .610447 

5 .010729 
611012 
.611294 
.611576 i 
611858 
612140 j 

9.612421 1 
.612702 ! 
.61298-3 1 
.613204 ! 
.613645 I 
.618825 
.614105 
.614885 1 
614605 
.614944 

21 ! 9.615223 

22 i 615502 

28 .615781 

24 ! .616000 

25 i .016338 

26 i .616016 
.616894 
.617172 
.617450 
.617727 


27 

28 | 
29 


39 

40 j 


9.618004 

.61828! 

.618558 

.618831 

.619110 

.619380 


.019938 

.690213 

.620488 

9.620763 

.621038 

.621313 

.621587 

.621861 


.622409 


,623229 

9.623502 

.623774 

.624047 


57 

.625135 

58 

.625406 

59 

.625677 

60 

9.625948 

' 1 Cosine. 


4 73 
4 72 
4 73 
4.72 
4 70 
4 72 
4.70 
4 70 
4 70 
4 70 
4 68 

4 68 
4 68 J 
4 68 
4 68 ! 
4 67 : 
4 67 : 
4 67 ! 
4 67 
4 65 | 
4 65 | 

4.G5 j 
4 05 I 
4 65 
4 63 
4 03 
4 63 
4 63 
4 63 
4 62 
4 62 
4 62 
4 62 
4 60 
4 60 
4 60 
4 00 
4 GO 
4 58 
4 58 
4 58 
4 58 
4 58 
4 57 
4 57 
4 57 
4 57 
4 55 
4.57 
4 55 
4.55 
4 53 
4.55 
4 58 
4.53 
4 53 
4 53 
4 52 
j 4 52 
1 4.52 


9.9(50730 , 
.960674 
.960618 
.9(50501 
.960505 
.960448 


.960835 

.960279 

.960222 

.960165 

| 9 9(50109 
I .9(500.52 
959995 


.959882 
.959825 
.9597(58 
.959711 
I .959054 
j .959596 
' 9 959539 
.959482 
.959425 


.959310 
.959258 
.959195 
.959138 
.959080 
.959023 
3 958905 
.958908 
.958850 
.958792 
.958734 
.958677 
.958619 
.958561 
.958503 
.958445 
0.958387 
.058329 
.958271 
.958213 
.958154 


.957979 

.957921 

.957863 

9.957804 

.957740 

.957G87 

.957628 

.957570 

.957511 

.957452 


I .957335 
9.957276 


.93 | 
.93 I 
,05 ! 
.93 ! 
95 i 
.93 * 
.95 1 
.93 I 
.95 | 
95 
.93 
.95 
.95 
.95 
.93 
.95 
.95 
.95 
.95 
.97 
.95 
.95 
.95 
.95 * 
.97 

.95 

.97 

.95 

.97 

.95 

.97 

.95 

.97 

.97 

.97 

.95 

.97 

.97 

.97 

.97 

.97 

.97 

.97 

.97 

.98 

.97 

.97 

.98 

.97 

.97 

.98 


9.648583 
.648923 
649263 
, 649602 
.049942 
.660281 
.650620 
.650959 
.651297 
.651636 
.651974 
9 652312 
.652650 
.652988 , 
.053326 ! 
.653603 i 
.654000 ! 
.654337 
.054674 I 
.655011 ; 
.655348 I 
8.055BS4 
656020 
.656356 
.656692 
.657028 
.657304 
.057699 
.658034 
.658369 
.658704 
9.659039 
.659373 
.659708 
.660042 
.660376 
660710 
.661043 
.661317 
.661710 
.662043 
9.662376 
.662709 
.663012 
.663375 
.663707 
.664039 
.664371 
.664703 
.665035 


.97 

.98 


.97 

.98 


il Sine, i D. 1*. I 


.668013 

.668343 

9.668673 


5 67 
5.67 
5 65 
5.67 

6.65 

5.65 
5 65 
5 63 
5 65 
5 63 

5.63 

6.63 
5 63 
5 63 
5 62 
5 02 
5.62 
5.02 
5 62 
5 62 
5 60 
5 60 
5.60 
5 60 
5 60 
5 60 
5 58 
5 58 
5 58 
5 58 
5.58 
5 57 
5 58 
5 57 
5.57 
5 57 
5 55 
5 57 
5 55 

5 55 
5.55 

6 55 
5 55 
5 55 
5 53 
5 53 

5.53 

5 53 

6 53 
6 52 

6.53 

5 52 
5 52 
5 52 

5 50 

6 52 

6.50 
5 52 
5 50 

5.50 


Cotang. 

' 

10 351417 

60 

.351077 

59 

.350737 

58 

.350398 

57 

.350058 

56 

.349719 

65 

.349380 

54 

.349041 

53 

. 1348703 

52 

.348364 

51 

.348026 

50 

10.347688 

49 

.347350 

48 

.347012 

47 

.346674 

46 

.346337 

45 

.346000 

44 

.345663 

43* 

.345326 

42 

.344989 

41 

.344652 

40 

10.344316 

39 

.343980 

38 

.343644 

37 

.343308 

36 


.336625 


.335297 

.334965 

.834634 

10.331302 

.333971 


.831987 

.831657 

10.331327 


Cotang. 1 IX 1'. i Tang. 


114 ' 
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35 ° LOGARITHMIC 8INES, COSINKS, TANS AND COTANS. 154 ° 


j Sine. J 

d. r. 

Cosine. 

0 

9.625948 

4 52 

4 52 
4.50 

4 50 

4 50 

4 50 

4 50 1 
4 48 

4 48 ! 
4 48 

4 48 

9.957276 

1 

.026219 

.957217 i 

2 ! 

.626490 j 

.957158 1 

3 

.626760 

.957099 

4 

.627030 

957010 

5 

.627300 ! 

.956981 1 

6 

.627570 I 

.956921 1 

7 

.627840 I 

.956862 I 

8 

.628109 ; 

.956803 ! 

9 

.028378 ! 

.956714 | 

10 

.028047 j 

.956684 : 

11 

9.628916 1 

4 48 

4 47 

4 47 

4 47 

4 47 

4 45 ; 
4 47 

4 45 

4 45 

4 45 

9.956025 

12 

.629185 | 

.956566 j 

13 

.629453 

.950500 

14 

.629721 1 

.950447 ! 

15 

629989 

.950387 1 

16 

.630257 

.956827 

' 17 

.630524 

.956208 | 

18 

.630792 

.956208 ! 

19 

.631059 

.956148 1 

20 

.681326 

.950089 i 

21 

9.631593 

4.43 

4 43 

9.956029 1 

22 

.031859 

.955909 

23 

.032125 

.955909 ; 

21 

.032392 

4.45 

4 43 

4 42 

4 43 

4 42 

4 42 

4 42 

4 42 

.955819 

25 

.632658 

.955789 

26 

032923 

.955729 ! 

27 

.633189 

.955609 

2S 

.033454 

.9550)9 j 

29 

.633719 

.955543 : 

30 

.633984 

.955488 

31 

9.634249 

4 12 

4 40 

4 10 

4 40 
4.40 
4.40 
4.38 

4 38 
4.38 
4.38 

9.955428 

32 

.034514 

j .955368 

33 

. 034778 

.955307 j 

34 

.635042 

.955247 

35 

.635306 

.955180 ! 

36 

.035570 

1 .955120 ! 

37 

.635834 

.955005 1 

38 

.036097 

i .955005 

39 

.636360 

; .95491-4 

40 

.636623 

j .954883 

41 

9.636888 

4 37 

4 38 

4 37 
4.37 
4.37 

4.35 

4.37 

4 35 

4 35 
4.35 

! 9.954823 

42 

.037148 

1 .954702 

43 

.037411 

; .954701 

41 

.637673 

i .954640 

45 

.637935 

.954579 

46 

.038197 

.954518 

47 

.638458 

.954457 

48 

.638720 

.954396 

49 

.638981 

.954385 

50 

.039242 

.954274 

51 

9.639503 

4.35 

4.33 

4.33 

4.33 

4.33 

4 33 
4.33 
4.82 
4.32 

9.954213 

52 

.639704 

.951152 

53 

.640024 

.954090 

54 

.640284 

.954029 

55 

.640544 

.958908 

56 

.640804 

.953906 

67 

.641064 

.958845 

58 

.641324 

.953783 

59 

.641583 

.953722 

60 

9.641842 

9.953600 

"T 

Cosine. 

D. r. 

1 Sine. 


.98 
.98 
98 
. .98 
.98 
1 00 
.98 
.98 
.98 
1 00 
.98 
.98 
1 00 
.98 
1 00 
1.00 
.98 
1 00 
1 00 
98 
1.00 
1 00 
1 00 
1 00 
1.00 
1 00 
1 00 
1.00 
98 
1 00 
1.00 
1 00 
1 02 
1 00 
1 02 
1 00 
1 02 
1 00 
1 02 
1 02 
1.00 
1.02 
1 02 
1 02 
1.02 
1 02 
1 02 
1 02 
1 02 
1 02 
1.02 
1.02 
1 08 
1.02 
1 02 
i as 
1 02 
i.as 
1 02 
l.< 


D. 1\ 


Tang. I D. 1'. Cotang. 


I 

.009001 1 
.609991 
.670320 
.070049 
.070977 I 
.071306 
.671035 
.671903 j 

9.672291 ! 
.672619 ! 
.672947 
.673274 
.673602 


.674257 
.674584 
.674911 
.675237 
9 675564 
.675890 
.076217 
.076543 
.070809 
.677194 
i .677520 
.677846 
.678171 
.678496 
9.678821 
.679146 
.679471 
.679795 


.680444 

.680768 

.681092 

.681416 

.681740 

9.682063 

.682387 

.682710 


.683356 


.684001 

.684324 

.684646 


9.685290 

.685612 


.686577 

.686898 

.687219 

.687540 

.687861 


5 48 
5.50 : 
5 48 1 
5 50 
5.48 , 
5 48 

5.47 | 

5.48 
5 48 
5 47 
5.47 
5.47 
5.47 
5 45 
5.47 
5 45 
5 47 
5 45 
5 45 
5 43 
5 45 
5 43 
5 45 
5 43 
5 43 
5 42 
5 48 
5.43 
5.42 
5.42 
5.42 
5.42 
5 42 
5 40 
5 42 
5 40 
5 40 
5 40 

5 40 

6 40 
5.38 
6*. 40 
5 38 
5 38 
5.38 
5 38 
5 37 
5.88 
5 37 

5 37 
5.87 
5.87 
5.87 
5.35 
5.87 

6 35 
.5.35 

5.35 

5.85 

5.35 


i 10.331327 


.328037 

10.827709 

.827381 

.327058 

.326726 

.326398 

.328071 


.325416 

.825089 


.324110 

.828783 

.323457 

.323131 

.322806 

.322480 

.322154 

.321829 

.321504 

10.321179 

.320654 


.320205 
319880 
.319556 I 24 
23 

.318908 ' 22 
.318584 ; 21 
.318260 20 


10.317937 

.817613 

.317290 

.316967 

.816644 

.316821 

.315999 

.315676 

.315854 

.315032 

10.314710 

.314388 


.313745 

.313428 

.313102 


.812189 

10.311818 


1 1 Cotang. I D. 1*. I Tang. 


115 
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aa° LOGARITHMIC SINES, COSINKS, TANS AND COTANS. 153° 


/ 

Sine. 

D. 1'. 

Cosine. 

D. r. 

Tang. 

D. i\ 

Cotang. 

' 

0 

1 

2 

8 

4 

5 

6 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

21 

25 

2(5 

27 

28 

29 

30 

81 

82 

83 

84 

85 

36 

37 
88 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 
65 

56 

57 

58 

59 

60 

9.641842 
.642101 
.612:300 
.642618 
.642877 
.643135 
.643:193 
.G43650 
.643908 
.614165 
.644423 

9.644680 

.614936 

.645193 

.645450 

.615706 

.615902 

.646218 

.646474 

.61(5729 

.646961 

9.647240 

.647491 

.617749 

.618004 

.618258 

.618512 

.648766 

.649020 

.649274 

.649527 

9.649781 

.650034 

.650287 

.650539 

.650792 

.651044 

.651297 

.651549 

.651800 

.G52052 

9.652304 

.652555 

.652806 

.653057 

653308 

.653558 

.053808 

.654059 

.654809 

.654558 

9.654808 

.655058 

.665307 

.855556 

.655805 

.656054 

656302 

.656551 

.656799 

9.657047 

4.32 

4.32 

4.130 

4.32 

4 30 
4.30 
4.28 
4.30 

4 28 
4.30 
4.28 

4.27 

4 28 

4.28 

4 27 
4.27 

4 27 
4.27 

4 25 
4.25 
4.27 

4 23 
4.25 

4 25 

4 23 

4 23 
4.23 

4 23 

4 21 

4 22 
4.23 

4.22 

4 22 

4 20 
4.22 

4 20 
4.22 
4.20 
4.18 
4.20 
4.20 

4.18 

4 18 

4 18 
4.18 
4.17 

4.17 

4.18 
4.17 
4.15 
4.17 

4.17 
4.15 
4.15 
4.15 
4.15 

4.18 
4.15 

4.18 
4.18 

9.953660 

.953599 

.953537 

.958475 

.958113 

.953352 

1 .953290 
! .953228 
i .953106 
.953104 
| 953012 

9.952980 
.952918 
952855 
.952793 
.952731 
.952069 
.952606 
.952544 

1 .952481 
.952419 

9.952356 

.952294 

.952231 

.952108 

.952100 

.952013 

.951980 

.951917 

.951854 

.951791 

9.951728 

.951065 

.951602 

.951539 

.951476 

.951412 

.951319 

.951286 

.951222 

.951159 

9.951096 

.951032 

.950968 

.950905 

.950841 

.950778 

.950714 

.950050 

.950586 

.950522 

9.950458 

.950394 

.950330 

.950206 

.950202 

.950138 

.950074 

.950010 

.949945 

9.949881 

1 02 
1.03 
1.08 
1.03 
1.02 
1.03 
1.03 

1 03 

1 03 

1 03 

1 03 

1 03 

1 05 

1 03 

1 03 

1 03 

1 05 

1 03 

1 05 

1 03 

1 05 

1 03 

1 05 

1 05 

1 03 

1 05 

1 05 

1 05 

1 05 

1 05 
1.05 

1 05 

1 05 
1.05 

1 05 

1 07 

1 05 

1 05 

1 07 

1 05 
1.05 
1.07 
1.07 

1 05 
1.07 
1.05 
1.07 
1.07 
1.07 
1.07 
1.07 
1.07 
1.07 
1.07 
1.07 
1.07 
1.07 
1.07 
1.08 
1.07 

9.688182 
.688502 
.688823 
.689143 
.689463 
.689783 
.690103 
.690423 
.690742 
.691062 
.691381 

9.691700 

.692019 

.692338 

.692056 

.692915 

.693293 

.698612 

693930 

.6912-18 

.694566 

9.691883 
i 693201 
> .695518 
i .695846 
.696153 

1 .096470 
; .6:16787 

1 .697103 
.697420 
j .697736 

1 9.G9R053 

1 .698369 
! .698685 
: .699001 
.699316 
.699632 
.699947 
.700203 
.700578 
.700893 

9.701208 

.701523 

.701837 

.702152 

.702466 

.702781 

.703095 

.703409 

.703722 

.704036 

9.704350 

.704663 

.704976 

.705290 

.705603 

.705916 

.706228 

.706541 

.706854 

9.707168 

5.33 

5 32 

5 33 

5 33 
5.33 

5 33 

5 33 

5 32 
5.33 

5 32 
5.32 
5.32 
5.32 

5 30 

5 32 

5 30 

5 32 

5 30 

5 30 

5 30 

6 28 

5 30 

5 28 

5 30 

5 28 

5 28 

5 28 

5 27 

5 28 

5 27 

5 28 

5 27 

5 27 

5 25 

5 27 

5 25 

5 27 

5 25 

5 25 
5.25 

5 25 

5 23 
5.25 

5 23 

5 25 

5 23 
5.23 

5.22 

5 23 

5.23 

5.22 

5 22 

B 23 
5.22 

5 22 

5 20 

5 22 
5.22 
5.20 

10.811818 

.31141)8 

.811177 

.310857 

.310537 

.310217 

.309897 

.309577 

.309258 

.308938 

.308619 

10.308300 

.307981 

.307662 

.307344 

.307025 

.306707 

.306388 

.300070 

.805752 

.305434 

10.305117 
.304799 
.304482 
.304164 
.303847 
.303530 
.303213 
.302897 
.302580 
.302264 
10.301947 
.301631 
.301315 
.300999 
.800684 
. 300:468 
.300053 
.299737 
.299422 
.299107 
10.298792 
.298477 
.298163 
.297848 
.297534 
.297219 
.296905 
.296591 
.296278 
.295964 
10.295650 
.295837 
.295024 
.294710 
.294397 
.294084 
.293772 
.293459 
.298146 
10.292834 

60 

59 

58 

67 

56 

55 

54 

58 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

.33 

82 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

8 

2 

1 

0 

' 

Cosine. 

I>. 1\ 

Sine. 1 D. 1*. I 

Cotang. 

D. 1\ 

Tang. 

t 
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*7° LOGARITHMIC SINKS, COSINES, TANS AN1) OOTAN8. 152° 


t 1 

Sine. | 

D. r. I] 

Cosine. 

D.1-. ! ! 

Tang. 

D.r. 

Cotang. 

' 

0 1 

1 ! 

2 1 

3 ! 

4 

5 1 

6 

7 

8 

9 

10 

11 

12 

13 

14 1 
ir>: 
10 

17 1 

18 

19 . 

20 
21 1 
22 
20 

24 : 

25 | 

26 

27 

28 

29 

30 

81 

32 

33 

64 

35 

36 

37 
as 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 
64 

55 

56 

57 

58 

59 

60 

9.657(47 1 
.657295 ' 
.657542 : 
.657590 i 
.658037 i 
.658284 1 
.658501 ! 
.658778 
.659025 
.659271 
.659517 

9.659763 
.660009 
.660255 
.660501 
.660716 ! 
.6(50991 
.601230 
.661481 
.661726 
.661970 
9.662214 
.(56245!) 
.002703 
.662956 
.003190 
.663433 
.(16*1677 
.603920 
.604103 
.6644U6 

9-664648 
! .664891 
! .665133 
.665375 
i .665017 
; .665859 
• .606100 
' .000312 
, .6(56583 
.660824 

9.667065 
! .607305 
.667546 
.667786 
.668027 
.668267 
.668506 
.068746 
.608986 
.669225 
9.669464 
.669703 
! .669942 
.670181 
.670419 
! .670658 
.670896 
.671134 
.671872 
9.671609 

1 

4 13 ! 

4 12 1 j 

4 13 i 

4 12 : 

4 12 I 
4 12 

4 12 ! 
4 12 

4 10 

4 10 | 
4.io ; 
4 10 

4 10 

4 10 , 
4 08 j 
4 08 | 
4.08 i; 
4 08 j! 
4 OH 

4 07 j 
4.07 

4 08 ! 
4 07 

4 05 

4 07 | 
4 05 | 
4 07 | 
4 05 1 
4 05 

4 05 

4 03 

4 05 

4 08 

4 03 

4 03 
4.03 
4.02 

4. (Vi 

4 02 
4.02 
4.02 

4 00 

4 02 
4.00 

4 02 

4 00 

8 98 1 
4 00 
4.00 
3.98 ' 
3.98 

3 98 
3.98 

3.98 

3 97 

8.98 

3 97 

3 97 

8 97 
8.95 

9 949881 
.949816 
.949752 
.949688 
.949023 
.949558 
.949494 
.949429 
.949361 
.949:100 
.949235 

9 919170 
.949105 
.949040 
.918975 
.948910 
.948845 
.948780 
.948715 
.948650 
.918584 

9 948519 
94K454 
.918388 
.948323 
.948257 
.918192 
.948126 
.948060 
.947995 
.947929 

9 947863 
.947797 
.047731 
.947665 
.947600 
.947533 
.947467 
.947401 
.947335 
.947269 

9.947203 
.947136 
.947070 
.947004 
.946937 
.940871 
.946804 
.946738 
.946671 
.916004 
9.946588 
.946471 
.946404 
.940837 
.946270 
■ .946203 

.946136 
.946009 
.946002 
9.945985 

1.08 | 
1.07 ! 

1 07 
1.08 
1.08 

1 07 I 

1 08 

1 08 i 

1 07 j 

1 08 ! 
1.08 : 

1 08 
i oh ; 

1 08 

1 08 | 
1 OH i 

1 08 

1 08 

1 08 

1 10 

3 08 

1 08 

1 10 1 
1 08 ! 
1 10 i 
1 08 1 
1 10 1 
1 10 I 
1 08 

1 10 

1 10 

MO 

1 10 
1.10 
1.08 

1 12 

1 10 
1.10 

1 10 

1 10 

3.10 

1.12 

1.10 
1.10 
1.12 1 
1.10 
M2 
1.10 

1 12 
1.12 
1.10 
M2 
1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
M2 
M2 

9.707166 

.707478 

.707790 

.708102 

.708414 

.708726 

.709037 

.709319 

.709660 

.709971 

.710282 

9.710593 
.710904 
.711215 
.711525 
.711830 
.712146 
.712456 
.712700 r 
.718076 | 
.713386 I 
9.713696 
.714005 
.714314 
.714624 
.714933 
.715242 
.715551 
.715860 
.716168 
.716477 

9.7167*85 

.717093 

.717101 

.711*709 

.718017 

.718325 

.718033 

.718940 

.719248 

.719555 

9.719862 

.720169 

.720476 

.720783 

.721089 

.721396 

.721702 

.722009 

.722315 

.722621 

9.722927 

.723232 

.723588 

.723844 

.724149 

.724454 

.724760 

.725065 

.725370 

9.725674 

5 20 

5 20 

6 20 
5.20 

5 20 
5.18 

5 20 
5.18 
5.18 

5 18 
5.18 

5 18 

5 18 

5 17 

5 18 

5 17 

5 17 

5 17 

5 17 

5 17 

5 17 

5 15 

5 15 
5.17 

5 15 

5 15 
5.15 
5.15 

5 13 

5 15 
5.13 

5 13 

5 13 

5 13 

5 13 

5 13 
5.13 

5.12 

r. is 

5 12 

6.12 

5 12 

5 12 

r> 12 

5.10 

5.12 

5 10 
5.12 
5.10 
5.10 

5.10 

5 08 

6.10 

6 10 
5.08 

5 08 
.6.10 
5.08 

6 08 
6.07 

10.292834 j 
.292522 | 
.292210 ! 
.291898 ! 
.291580 i 
.291274 i 
.290963 
.290651 
.290340 
.290029 
.289718 

10 289407 
.289096 
.288785 
.288475 
.288164 
.287854 
.287514 
.287234 
.286924 
.286614 

10.280301 

.285995 

.285080 

.285376 

.285067 

.284758 

.281449 

.284140 

.283832 

.283523 

10.283215 

.282907 

.282599 

.282291 

.281983 

.281675 

.281367 

.281060 

.280752 

.280445 

10.280138 

.279831 

.279524 

.279217 

.278911 

.278604 

.278298 

.277991 

.277685 

.277379 

10.277073 

.276768 

.276462 

.276156 

.275851 

.275546 

.275240 

.274935 

.274630 

10.274826 

60 

59 

58 

57 

50 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

84 

33 

32 

31 

80 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

8 

2 

1 

0 

/ 

i Cosine. 

1 D. r. 

li Sine. 

l ». r. 

i! Cotang. 

1 D.r. 

i Tang. 

l~ 
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88° LOGARITHM K' SINKS, COSINES, TANS AND f.'OTANS. 1S1° 
ie. | B.1-. || cosine. | D. 1’. !| Tang. I D. V. I Ootaag. | ' 



31 

9 678895 

32 

.679128 

33 

.679360 

34 

.679592 

85 

.679824 

36 1 

.680056 

87 

.680288 

38; 

.680519 

39 ! 

.680750 

40 

.680982 

41 

9.681213 

42 

.681443 

43 

.681874 

44 

.681905 

45 

.682135 

46 

.082365 

47 

.682595 

48 

.682825 

49 

.683055 

50 

.683284 

51 

9.688514 

52 

.683743 

53 

683972 

54 

.684201 

55 

.684430 

56 

.684058 

57 

.684887 

58 

.685115 

59 

.685343 

60 

9.685571 


Cosine. I D. 1*. 


US' 


ri44 ol 


01 ' 







189 ° LOGARITHMIC SIXES, COSINES, TANS AND COTANS. 150° 


Sine. 


9.685571 

.685799 

.686027 

.686254 

.686482 

.686709 


.687163 

.687389 

.687616 

.687843 


.688295 

.688521 

.688747 

.688972 

.689198 

.689423 

.689648 

.689873 

.690098 


.690548 

.690772 


.691220 

.691444 

.691668 


.694120 

.694342 

.694564 

9.694786 

.693007 

.693229 

.693430 

.695671 


.696113 

.696334 

.696554 

.696775 

9.696995 

.697215 


.697634 

.697874 


.698532 

.698751 

9.698970 


3.80 

3.80 
3.78 

8.80 
3 78 
3 78 
8 78 
3 77 
3.78 
3 78 
3.77 
3 77 
3 77 
3 77 
8 75 
3 77 
3 75 
3 75 
3 75 
3 75 
3.75 

3.75 
3 73 
8 73 
3.73 
3.73 
3.73 
8 73 

8.72 
8 73 

3.72 
3 72 
3 72 
8 72 
3.70 
3 72 
8 70 
8 70 
3 70 
8 70 
3.70 
3 68 
3 70 
3 68 
3 68 
3 68 
3.68 
3 68 
3 67 
3 68 

3.67 
3 67 
3 67 
8.65 

8.67 
3 67 

8.65 
8 65 

3.65 

8.65 


Cosine. i D. 1'. 


Cosine. 

d. r. | 

Tang. 

d. r. 

Cotang. 

< 

9.941819 

1 17 
1.17 
1.17 
1.17 
1.17 

1 18 

1 17 

1.17 

1.18 

1.17 

1.18 

9.743752 

4 97 
4.97 
4.95 

4 97 
4.95 
4.97 
4.95 
4.95 
4.95 

4 95 
4.95 

10.256248 

60 

.941749 

.744050 

.255950 

59 

' .941679 

.744348 

.255652 

58 

.941609 

.744645 

.255355 

57 

.941539 

.744943 

.255057 

56 

.941469 

.745240 

.254760 

65 

.941898 

.745538 

.2514C2 

54 

.941328 

.746835 

.254165 

53 

.941258 

.746132 

.253868 

52 

.911187 

.746429 

.253571 

51 

.941117 

.746726 

.253274 

50 

9.941046 

1.18 

1.17 

1.18 
1.18 

1 17 
1.18 
1.18 

1 18 

1 IS 
1.18 

9.747023 

4.93 

4.95 

4.95 

4.93 

4.93 

4.93 

4 93 
4.93 

4 93 
4.93 

10.252977 

49 

.940975 

.747319 

.252681 

48 

.940905 

.747616 

.252384 

47 

.940831 

.747913 

.252087 

46 

.940763 

.748309 

.251791 

45 

.940693 

.748505 

.251495 

44 

.940622 

.748801 

.251199 

43 

.940551 

.749097 

.250903 

42 

.940480 

.749393 

.250607 

11 

.940409 

.749689 

.250311 

40 

9.940.838 

1.18 

1 18 

1 18 

1.18 

1 20 

1.18 

1 18 

1.20 

1 18 

1 20 

9.749985 

4 93 

10.250015 

39 

.940267 

.750281 

4 92 

4 93 

4 92 
4.92 
4.92 

4 92 

4 92 

4 92 
4.92 

.249719 

38 

.940196 

.750576 

.249424 

37 

.940125 

.750872 

.249128 

36 

.940054 

.751167 

.248833 

35 

.989982 

.751462 

.248538 

84 

.939911 

.751757 

.248243 

33 

.939840 

.752052 

.247948 

32 

.939768 

.752347 

.247653 

.31 

.939097 

.752642 

.247358 

3*> 

9.939625 

1.18 

1.20 

1 20 
1.18 
1.20 

1 20 
1.20 
1.18 

1 20 
1.20 

9.752937 

' 4.90 
4.92 

4 90 
4.92 

4 90 

4 90 

4 90 
4.90 
4.90 
4.88 

10.247063 

29 

.939554 

.753231 

.246769 

28 

.939482 

.753526 

.246474 

27 

.939410 

.753820 

.246180 

26 

.939339 

i .754115 

.245885 

25 

.939267 

.754409 

.245591 

24 

.939195 

.754703 

.245297 

an 

.939123 

.754997 

.245003 

22 

.9SD053 

.755291 

.244709 

21 

.938980 

.755585 

.244415 

20 

9.938908 

1 20 

1 22 

1.20 
1.20 

1 20 

1 20 

1.22 

1 20 

1.20 
1.22 

9.755878 

4.90 

4 88 

4 90 

4 88 
4.88 
4.88 

4 88 
4.88 

4 88 
4.88 

10.244122 

19 

.938836 

.756172 

.243828 

18 

.938763 

.756-165 

.243535 

17 

.938691 

.756759 

.243241 

16 

.938619 

.757052 

.242948 

15 

.938547 

.757345 

.242655 

14 

.938475 

.757638 

.242362 

18 

.938402 

.757931 

.242069 

12 

.938330 

.758224 

.241776 

11 

.938258 

.758517 

.241483 

10 

9.938185 

1.20 

1.22 

1 22 

1 20 

1.22 
1.22 
1.22 
1.20 
1.22 

9.758810 

4.87 

4.88 
4.87 

4.87 

4.88 
4.87 

4 87 

4 87 

, 4.85 

10.241190 

9 

.938113 

.759102 

.240898 

8 

.938010 

.759395 

.240605 

7 

.937967 

.759687 

.240313 

6 

.937895 

.937822 

.759979 

.760272 

.240021 

.239728 

5 

4 

.937749 

.937676 

.760564 

.760856 

.239436 

.239144 

3 

2 

.937604 

.761148 

.288852 

1 

9.937531 

9.761489 

10.238561 

0 


Sine. • D. 1’. ii Cotang. I D. 1*. I Tang. 
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30 ° LOGARITHM 1C SINES, COSINES, TANS AND COTANS. 149 ’ 


t 

Sine. 

0 

9.698970 

1 

.699189 

2 

.699407 

8 

.699626 

4 

.699844 

5 

.700062 

6 

.700280 

7 

.700498 

8 

.700716 

9 

.700933 

10 

.701151 

11 

9.701868 

12 

.701585 

13 

.701802 

14 

.702019 

15 

.702236 

16 

.702452 

17 

.702669 

18 

.702885 

19 

.703101 


0.703533 
.703749 
.703904 
.704179 
.704395 
.704610 
.704825 
.705040 
; .705254 
| .705469 
9.705683 
! .705898 
; .706112 
! .706326 
I .706539 
.706753 
; .706967 
.707180 
! .707393 
| .707606 
9.707819 
.708032 
.708245 
.708458 
.708670 


.709094 

.709306 

.709518 

.709730 

9.709941 

.710153 

.710364 

.710575 

.710786 

.710997 

.711208 

.711419 

.711629 

0.711889 


Cosine. 


8.65 

3.63 
3 65 
3 63 

8.63 
3 63 

3.63 

8.63 

3.62 

3.63 
8.62 
3 62 
3 62 
3.62 

3.62 

3.60 

8.62 
3 60 
3 60 
3 60 
3 60 

8.60 
8 58 
8 58 
3.60 
8.58 
3 58 
3 58 
3 57 
3 58 

3.57 

8.58 
8.57 
3 57 
3 55 

8.57 

3.57 

3.55 
8 55 

8.55 

3.55 

8.55 

8.55 

3.55 


3.53 

8.53 
8.53 
8.53 

8.52 

8.53 

8.52 

3.52 

8.52 
8.52 
8.52 
8.52 
3 50 


d. r. 


9.937531 

.937458 

.937385 

.937312 

.937238 

.937165 

.937092 

.937019 


.986799 

9.936725 

.936052 

.936578 

936505 

.936431 

.936357 

.936284 

.936210 


1.935988 

.935914 

.935840 

.935766 

.935692 

.935618 

.935543 

.935469 

.935395 

,935320 

1.935246 

.935171 

.935097 

.935022 

.934948 

.934873 


.934649 

.934574 


.934349 

.934274 

.934199 


.934048 

.933973 

.933898 


9.933747 

.933671 


.933217 

.933141 

9.933066 


1.22 
1.22 
1 22 
1.23 
1.22 
1.22 
1.22 
1 22 
1.23 
1.22 
1.23 
1.22 
1.23 
1.22 
1.23 
1.23 
1.22 
1.23 
1.23 
1.23 
1.23 
1 23 
1 23 
1 23 
1 23 
1.23 
1.25 
1.23 
1.23 
1.25 
1.23 
1 25 
1.23 
1.25 
1 23 
1.25 
3 25 
1 25 
1.23 
1.25 

1 25 
1 25 
1 25 
1 25 
1.25 
1.27 
1.25 
1 25 

1.25 

1.27 

3.25 
1.27 
1 25 
1 27 

1.25 

i or 
1.27 
1.27 
1.27 
1.25 


Tang. 

D. 1*. 

Cotang. 

/ 

9.761439 

4.87 

4 87 

4 85 

4 87 

4 85 
4.85 

4 85 
4.85 

A 85 

4 85 
4.85 

10.238561 

60 

.761731 

.238209 

59 

.702023 | 

.237977 

58 

.762314 

.237686 

57 

.702606 

.237394 

66 

.762897 

.237103 

55 

.763188 

.236812 

54 

.763479 

.236521 

63 

.763770 

.236230 

52* 

.764061 

.235939 

61 

.764352 

.235648 

60 

9.764043 

4.83 

4 85 
4.83 

4 85 
4.83 

4 83 
4.83 

4 83 

4 83 
4.83 

10.235357 

49 

.704933 

.235067 

48 

.765224 

.234776 | 

47 

.765514 

.234486 | 

46 

.765805 

.234195 1 

45 

.766095 

.233905 

44 

.766385 

.238615 

43 

.766675 

.233325 

42 

.766965 

.233035 

41 

.767255 

.232745 

40 

9.707545 

4 82 

4 83 
4.83 
4.82 

4.82 

4.82 

4.83 
4.82 

4 80 
4.82 

10.232455 

39 

.767834 

.232166 

38 

.768124 

.231876 

87 

.768414 

.231588 

36 

.768703 

.231297 | 

35 

.708992 

.231008 

34 

.769281 

.230719 

33 

.769571 

.230429 

32 

.769860 

.230140 

i 31 

.770148 

.229852 

30 

9.770437 

4 82 

4 82 
4.80 

10.229563 

29 

.770726 

.229274 

28 

.771015 

.228985 

27 

.771303 

.228697 

26 

.771592 

4 82 

.228408 

25 

.771880 

4.80 

4 80 

4 82 

4 80 

4 80 
4.80 

.228120 

24 

.772168 

.227832 

23 

.772457 

.227543 

22 

.772745 

.227255 

21 

.773033 

.226967 

20 

9.773321 ' 

4.78 

4 80 

4 80 

4 78 , 

4.80 

4.78 

4 78 
4.80 

4 78 
4.78 

10.226679 

19 

.773608 

.226392 

18 

.773896 

.226104 

17 

.774184 

.225816 

16 

.774471 1 

.225529 

15 

.774759 

.225241 

14 

.775046 

.224954 

13 

.775338 

.224667 

12 

.775621 

.224379 

11 

.775908 

.224092 

10 

9.776195 

4 78 
4.17 
4.78 

4 78 

10.223805 

9 

.770482 

.223518 

8 

.776768 

.223282 

7 

.777055 

.222945 

6 

.777342 

.222658 

5 

.777628 

4 78 

4.77 

4.78 
4.77 

.222372 

4 

.777915 

.222085 

3 

.778201 

.221799 

2 

.778488 

.221512 

1 

C.778774 

10.221226 

0 

j Cotang. 

D, r. 

1 Tang. 1 ' 



31° LOGARITHMIC SINKS, COSINES, TANS AND COTANS. 148® 


/ 1 

Sine. 

D. V. | 

Cosine. 

D. 1'. 1 

Tang. 

D. 1\ 

Cotang. 

' 

0 

1 

2 

3 

4 

5 

6 

8 

9 
10 

11 

12 

13 

14 

15 

10 
IT 
18 

19 

20 

21 

22 

23 

24 

25 
28 

27 

28 
29 
80 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 
40 

47 

48 

49 

50 

51 

52 

53 

54 

55 
50 

57 

58 

59 

60 

9.711839 
.712050 
.712200 
.712409 
.712079 
.712889 
.713098 
.713308 
.713517 
.713720 
.713935 
9.714144 
.714352 
.714561 
.7117G9 
.714918 
.715180 
.715394 
.115002 
.715809 
.710017 

0 710224 
.710132 
.710039 
.710840 
.117053 
.117259 
.717400 
.717073 
.717819 
.718085 
9.718291 
.718497 
.718703 
.718909 
.719114 
.710320 
.719525 
.7197130 
.719935 
,180140 
9.720315 
.720519 
.720754 
.720958 

.721102 

.721306 

.721570 

.721774 

.721978 

.722181 

9.722385 
.722588 
.722791 
.722994 
.723197 
.723400 
.723603 
.723805 
.724007 
9 724210 

3.52 

3.50 

3.48 

3 50 
3.50 
3.48 
3.50 
3.48 

3 48 

3 48 
3.48 

8 47 
3.48 
3.47 

3 48 

8 47 

8 47 

3 47 

3 45 

3 47 
3.45 

3 47 

3 15 1 
3 15 

3 45 4 
3 43 

3 45 1 
3.45 

3 43 
3.43 ! 
3.43 ! 
3 43 
3.43 
3.43 

3 42 
3.43 

8.42 

3 42 

3.42 
3.42 
3.42 

3 40 
3.42 

3 40 

8.40 

8 40 

3.40 

3.40 

8.40 

3.38 

3.40 

3 38 

8 38 

8.38 

8 38 

8 38 
8.38 

3.37 

8.37 

8.38 

9.983060 

.932990 

.932914 

.932838 

.932702 

.932085 

.932609 

.932533 

.932457 

.932380 

.932304 

9.932228 

.932151 

.982073 

.931998 

.931921 

.931815 

.931708 

.931091 

.931014 

.931537 

9.931460 
.931383 
.931300 
.931229 
.931152 
.9.310! 5 
.93095)8 
.9305)21 
.930843 
.930700 

9 930688 
.5)30011 
.930533 
.930456 
.930378 
.930300 
.930223 
.9:10145 
.930067 
.9295)89 

9.5)29911 
.929833 
.929755 
.929077 
.929599 
.929521 
.929442 
.929364 
.929286 
.925)207 

9.929129 

.5)25)050 

.9285)72 

.928893 

.928815 

.928736 

.928(557 

.928578 

.928499 

9.928420 

1 27 ; 
1.27 
1.27 
1.27 

1 28 
1.27 
1.27 
1.27 

1 28 

1 27 
1.27 

1 28 

1.27 

1 28 

1.28 

1 27 
1.28 

1 28 
1.28 i 
1.28 
1.28 

1 28 
1.28 
1.28 
1.28 
1.28 
1.28 

1 28 

1 30 

1 28 
1.30 
, 1.28 

1 30 

1 28 

1 30 

1 30 
1.28 

1 30 

1 80 

1 30 
1.30 

1 30 

1 30 
1.30 
1.30 
1.30 

1 32 
1.30 

1 30 

1 32 

1 30 

1 82 
1.30 
1.32 
1.30 
1.32 
1.32 
1.32 
1.32 
1.32 

9.778774 

.779060 

.779346 

.779632 

.779918 

.780203 

.780489 

.780775 

.781060 

.781346 

.781631 

9.781916 

.782201 

.782486 

.782771 

.783050 

.783341 

.783620 

.783910 

.784195 

.784479 

9.784764 

.785048 

.785332 

.785010 

.785900 

.786184 

.780468 

.786752 

.787086 

.787319 

9.787003 

.787880 

.788170 

.788453 

.788780 

.789019 

.789302 

.789585 

,789868 

.790151 

9.790434 

.75X1710 

.790999 

.791281 

.791503 

.791846 

.792128 

792410 

.75)265)2 

.792974 

9.793250 

.75)3588 

.793819 

.794101 

.794883 

.794664 

.794946 

.795227 

.795508 

9.75)5789 

4 77 
4.77 

4 77 

4 77 

4 75 

4 77 

4 77 

4 75 

4 77 

4 75 

4 75 

4 75 
4.75 

4 75 
4.75 

4 75 

4 75 

4 73 

4 75 

4 73 
4.75 

4 73 

4 73 

4 73 

4 73 

4 73 

4 73 
4.73 

4 73 

4 72 
4.73 

4 72 

4 73 

4 72 

4 72 

4 ?2 

4 72 

4 72 

4 72 

4 72 
4.72 

4 70 

4 72 

4 70 
4.70 

4 72 

4 70 

4 70 

4 70 

4 70 

4 70 

4 70 

4 68 

4 70 

4 70 
4.68 

4 70 
4.08 
4.68 
4.68 

10 221226 
.2205)40 
.220654 
.220368 
.220082 
.219797 
.219511 
.219225 
.218940 
.218654 
.218369 

10.218084 

.217799 

.217514 

.217229 

.216944 

.210659 

.216374 

.210000 

.215805 

.215521 

10.215236 

.2145)52 

.214668 

.214384 

.214100 

.213816 

.213532 

.213348 

212964 

.212681 

10 212397 
.212114 
.211830 
.211547 
.211264 
.210981 
.21065)8 
.210415 
.210132 
.205)849 

10.209566 

.209284 

.205)001 

.208719 

.208437 

.208154 

.207872 

.207590 

.207308 

.207026 

10.206744 

.200402 

.206181 

.205899 

.205617 

.205336 

.205054 

.204773 

.204492 

10.204211 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

89 

88 

87 

36 

35 

34 

33 

82 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

3 

2 

1 

0 

~ 

1 Cosine. 

i D. V. 

; Sine. 


Cotang. 

D.l'. 

I Tang. 



131' 


[ 144-1 


88 " 




S* 0 LOGARITHMIC SINUS, COSINE S, TAXa_ANDJX)TAK3-147° 
- | Sine. I D.1'. I| Cosine, j D. V. | Tang. D.r. I Cotang. j ' 


9.928420 1 

■w«i 1:32 


10 j .728220 

11 9.726426 


21 9 728427 

eg 728626 

23 .728825 

24 .729024 

25 .729223 

26 -729422 

27 .729621 

28 .729820 

29 , .730018 

30 .730217 

31 | 9.730415 

32 -730613 

33 .730811 

34 -731009 
85 j .731206 

36 . 731404 

37 | .781602 

38 ■ -731799 

39 ; .731996 

40 .732193 

41 i 9.732390 

42 .782587 

43 i .732784 

44 i .732980 

45 ! .733177 

46 733873 

47 . .733569 

48 .733765 

49 .733961 

50 I .734157 

51 I 9.734853 

52 .734549 

53 . 734744 

54 .734939 

55 j .735135 

56 735330 

57 i .735525 

58 I .735719 

59 .735914 

60 9,736109 


'.926831 I 
I 9 926751 
.926671 
' .926591 | 

.926511 
.926431 ; 
I .926351 
I .926270 


10.204211 I 60 
.203930 69 
.203649 58 
.203368 I 57 
.203087 I 56 
.202806 55 
.202526 54 
.202245 ' 53 
.201964 52 
.201684 i 51 
.201404 j 50 

10.201123 ! 49 
I .200843 48 

! .200563 i 47 

.200283 , 46 
.200003 45 
.199723 1 44 
.199443 48 
.199164 42 
.198884 41 

.198604 40 
10 198325 39 

.198045 38 

.197766 37 
.197487 3G 
.197208 35 
196928 34 

.190649 1 33 
.196370 i 32 
.196091 I 31 
.195813 30 
10.195534 I 29 
' .195255 I 28 

I 194977 t 27 

\ .194098 | 26 

1 .194420 | 25 

! .194141 i 24 

.193863 23 


.924897 J % 

rullDIC l.oo 


:193307 21 


30.192751 19 

.192473 18 

.192195 17 
.191917 16 
.191639 15 
.191362 14 

.191084 13 

.190807 ! 12 
.190529 • 11 
.190252 j 10 
10.189975 I 9 


Cosine. I I). 1*. 


I*. ! Cotang. I IX 1\ 1 Tang. 


199 ° 
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S3° LOGARITHMIC SINES, COSINES, 4am AND COTANS. 146° 


Cosine. I). 1*. 


9.736109 

.7303 

.730498 


.736886 

.737080 

.737274 

.737467 

.737001 

.737855 

.738048 

9.738241 

.738434 

.738627 


.739013 

.7:39206 

.739398 

.739590 

.739783 

.739975 

9.740167 

.740359 

.740550 

.740742 

.740934 

.741125 

.741316 

.741508 

.741699 

.741889 

9.742080 

.742271 

.742460 

.742652 

.742842 

.743033 

.743223 

.743413 

.743602 

.743792 

9.743982 

.744171 

.744361 

.144550 

.744739 

.744928 

.745117 

.74!>106 

.745494 


9.745871 

.74G000 

.746248 

.7404436 

.746624 

.740812 

.746999 

.747187 

.747374 

9.747562 


1 Cosine. 


3.23 

8.25 

3.23 

3.23 

3.23 

3.23 


8.23 


8.22 
8.22 
8,22 
3.22 
8 20 
3 20 
3 22 
3 20 

3.20 
3 20 

3.18 

8.20 

3.20 

8.18 
8.18 
3.20 
3.18 

8.17 

3.18 

8.18 
8 18 

8.17 

3.17 

3.18 
8 17 
3.17 
3.15 
3 17 
3.17 

3.15 
3.17 

8.15 
3 15 
8 15 

3.15 

3.15 
8 13 
8 15 
8.38 

8.15 
8.13 
8.13 
8 13 
8.13 
8.12 

8.13 
8.12 

3.13 


I). r. 


9.923591 


.923345 

.923263 

.923181 


.923C36 
.922933 
.922851 
.922768 
9. 


.922106 

.922023 

.921940 

1.921857 

.921774 

.921091 

.921607 

.921524 

.921441 

.921357 

.921274 

.921190 

.921107 

1.921023 

.920939 


.920520 

.920436 


9.920184 


.920015 

.919931 

.919846 

.919762 

.919677 

.910593 

.019508 

.019424 

9.919339 

.9195254 


.919085 

.919000 

.918915 

.918880 

.918745 

.918059 

9.918574 


1.87 

1.37 
1 37 
1.37 

1.37 

1.38 
1.37 

1.88 

1.37 

1.38 

1.37 

1.38 
1.38 
1 37 
1.38 
1.38 
1.38 
1 38 
1.38 
1.38 
1.38 
1.38 
1.88 
1.40 
1.38 
1 38 
1.40 
1.38 
1.40 
1.88 

1.40 

1.40 
1.38 
1 40 

1.40 
1 40 
1 40 
1.40 
1.40 
1 40 
1.40 
1.42 

1.40 

3.40 
1.42 
1 40 
1.42 

1.40 
1.42 

, 1 40 
1.42 
1.42 
1.42 

3.40 
1 42 
1.42 
1.42 

1.42 

1.43 
1.42 


Sine. I D. 1'. 


Tang. 

D. 1\ 

Cotang. 

/ 

9.R12517 

4 62 
4.60 

4 62 
4.00 

4 60 
4.62 

4 00 

4 60 

4 60 

4 (K> 
4.58 

10.187483 

60 

.812794 

.187206 

59 

.813010 

.186930 

.58 

.813347 

.186053 

57 

.813023 

.186377 

66 

.813899 

.386101 

65 

.814176 

.185824 

54 

.814452 

.185548 

53 

.814728 

.185272 

52 

.815004 

.184996 

51 

.815280 

.184720 

60 

9.815555 

4 60 

4 60 

4 58 

4 GO 

4 58 

4 00 

4 58 

4 58 

4 60 
4.58 

10.184445 

49 

.815831 

.184169 

48 

.816107 

.183893 

47 

.816382 

.183618 

46 

.816658 

.183342 

45 

.816933 

.183067 

44 

.817209 

.182791 

43 

.817484 

.182516 

42 

.817759 

.182241 

41 

.818035 

.181965 

40 

9.818310 

4.58 

4 58 

4 58 
4.58 

4 57 
4.58 

4. .58 
4.57 

4 58 
4.57 

10.181690 

39 

.818585 

.181415 

38 

.818860 

.181140 

37 

.819185 

.180865 

36 

.819410 

.180590 

35 

.819684 

.180316 

34 

.819959 

.180041 

33 

.820234 

.179766 

32 

.820508 

. .179492 

81 

.820783 

.179217 

30 

9.821057 

4 58 

10.178943 

29 

.821332 

.178668 

28 

.821606 

4 57 

A TJ7 

.178394 

27 

.821880 

4 Ol 

4 57 
4.58 
4.57 
4.57 
4.57 

4 55 
4.57 

.178120 

26 

.822154 

.177846 

25 

.822429 

177571 

24 

.822703 

.177297 

23 

.822977 

. .177023 

22 

.823251 

.176749 

21 

.823524 

.176476 

20 

9.82375)8 

4 57 

4 55 

4 57 

4 57 
4.55 
4.55 
4.57 

4 55 
4.55 
4.55 

10.176202 

19 

.824072 

.175928 

13 

.824345 

.175655 

17 

.824619 

.175381 

16 

.824893 

.175107 

15 

.825166 

.174834 

14 

.825439 

.174561 

13 

.825718 

.174287 

12 

.825986 

.174014 

11 

.826259 

.173741 

10 

9.820532 

4 55 
4.55 
4.55 

10.173468 

9 

.826805 

.173195 

8 

.827078 

.172922 

7 

.827351 

.172649 

6 

.827624 

4 55 
4.55 
4.53 
4.55 
4.53 

.172376 

5 

.827897 

.172103 

4 

.828170 

.171830 

3 

.828442 

.171558 

2 

.828715 

.171285 

1 

9.828987 

10.171013 

0 

i Cotang. 

! D. r. 

Tang. 



183° 


13 


[144 i] 
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34° LOGARITHMIC BINES, COSINES, TANS AND COTANS. 145° 


t 

Sine. 

0 

9.747562 

1 

.747749 

2 

.747936 

3 

.748123 

4 

.748310 

5 

.748497 

« 

.748083 

7 

.748870 

8 

.749056 

9 

.749243 

10 

.749429 

11 

9.749615 

12 

.749801 

13 

.749987 

14 

.750172 

15 

.750358 

15 

.750543 

17 

.750729 

18 

.750914 

19 

.751099 

20 

.751284 

21 

9.751469 

22 

.751654 

23 

.751839 

24 

.752023 

25 

.752208 

25 

.752392 

27 

.752576 

28 

.752760 

29 

.752944 

30 

.753128 

81 

0.753312 

32 

.753495 

33 

.753679 

34 

.753862 

85 

.754046 

36 

.754229 

37 

.754412 

38 

.754595 

39 

.754778 

40 

.754960 

41 

fl. 755148 

42 

.755326 

43 

.755508 

44 

.755690 

45 

.755872 

46 

.756054 

47 

.756236 

48 

.756418 

49 

.750000 

50 

.756782 

51 

9.756963 

52 

.757144 

53 

.757326 

54 

.757507 

55 

.757088 

56 

.757869 

57 

.758050 

58 

.758230 

59 

.758411 

60 

9.758691 


' I Cosine. 


3 12 
3.12 
3 12 
3 12 
3.12 

3.10 
3 12 
3 10 
3 12 
3 10 
3 10 

3.10 
3 10 
3.08 
3 10 
3 08 

3.10 
3.08 
3 08 
3 08 
3 08 
3 08 
3.08 
3.or 
3.08 

s.or 

3.07 
3 07 
3 07 
3.07 
3.07 

3.05 
3 07 
3 07 
3.07 
3.05 
3 05 
8.05 
8.05 
3 03 
3.05 
3.05 
3 03 
3.03 
8.03 
3.03 
8.03 
3.03 
3 03 


3.00 

3.02 

3.00 


Cosine. 

D. 1*. 

Tang. 

D. 1*. 

Cotang. 

' 

9.918574 

1.42 

1 42 

1 43 

1.42 

1.43 

1 42 

1 43 

1 42 
1.43 

1 43 
1.42 

9.828987 

4 55 

4 53 
4.55 
4.58 

4 53 

4 53 
4.53 

4 53 
*4.53 
4.53 
4.53 

10.171013 

60 

.918489 

.829200 

.170740 

59 

.918404 

.829532 

.170408 

58 

.918318 

.829805 

.170195 

57 

.918233 

.830077 

.169923 

56 

.918147 

.830319 

.169651 

55 

.918062 

.830621 

.109379 

54 

.917970 

.830893 

.169107 

53 

.917891 

.831165 

.168835 

52 

.917805 

.831437 

.168563 

51 

.917719 

.831709 

.168291 

50 

9.917634 

1.43 

1 43 
1.43 
1.43 

1.43 

3.43 

1 43 

1 43 
1.15 

1 43 

9.831981 

4.53 

4 53 

4.52 

4.53 

4 52 
4.53 
4.52 

4 53 

4 52 

4 52 

10.168019 

49 

.917548 

.832253 

.167747 

48 

.917462 

.832525 

.167475 

47 

.917316 

.832796 

.167204 

46 

.917290 

.833008 

.166932 

45 

.917204 

.833339 

.100661 

44 

.917118 

.833611 

.166389 

48 

.9170132 

.833882 

.166118 

42 

.916940 

.834154 

.165816 

41 

.916859 

.834425 

.165575 i 40 

9.916773 

1.43 

1.45 

1 43 
1.45 
1.43 

1 45 
1.45 
1.43 

1 45 

1 45 

9.834690 

4 52 

10.165304 

39 

.916687 

.834967 

4.52 

4.52 

4 52 
4.52 
4.52 
4.52 
4.52 

4 50 
4.52 

.165033 

38 

.916600 

.835238 

.164762 

37 

.916514 

.835509 

.164491 

36 

.916427 

.835780 

.164220 

35 

.916341 

.836051 

.163949 

84 

.916254 

.836322 

.163678 

83 

.916167 

.836593 

.163407 

32 

.916081 

.830864 

.163136 

31 

.915994 

.837134 

.162806 

30 

9.915907 

1.45 

1.45 

1.45 

1.45 

1 45 

1 45 
1.47 
1.45 
1.45 
1.47 

9.837405 

4 50 
4.52 
4.50 
4.52 
4.50 

4 .50 
4.50 

4 52 

4 50 
4.50 

10.102595 

29 

.915820 

.837675 

.162325 

28 

.915733 

.837946 

.162054 

27 

.915640 

.838216 

.161781 

26 

.915559 

.838487 

.101513 

25 

.915472 

.838757 

.161243 

24 

.915385 

.839027 

.160973 

23 

.915297 

.839297 

.160703 

22 

.915210 

.839568 

.160432 

21 

.915123 

.839838 

.160162 

20 

9.915035 

3.45 
1.47 

1.45 
1.47 

1 45 
1.47 

1 47 
1.47 
1.47 . 

1.47 

9.840108 

4 50 
4.50 

4 48 

4 50 

4 50 
4.50 
4.48 

4 50 

4 48 
4.50 

10.159892 

19 

.914948 

.840378 

.159622 

18 

.914860 

.840048 

.159352 

17 

.914773 

.840917 

.159083 

16 

.914685 

.841187 

.158813 

15 

.914598 

.841457 

.158543 

14 

.914510 

.841727 

.158273 

13 

.914422 

.841996 

.158004 

12 

.914334 

.842266 

.157734 

11 

.914246 

.842535 

.157465 

10 

9.914158 

1.47 

1.47 

1.47 

1.47 

1.47 

3.47 

1 48 

1.47 

3.47 

9.842805 

4 48 
4.48 
4.48 
4.50 
4.48 
4.48 
4.48 

4 48 
4.48 

10.157195 

9 

.914070 

.843074 

156926 

8 

.913982 

.843343 

.150657 

7 

,918894 

.843612 

.156388 

6 

.913806 

.843882 

.156118 

5 

.913718 

.844151 

.155849 

4 

.913680 

.844420 

.155680 

8 

913541 

.844689 

.155311 

2 

.913458 

.844958 

.155042 

1 

9.9131365 

9.845227 

10.154773 

0 

Sine. 

D.l\ 1 

Cotang. 

D.l*. 

Tang. 

T ~ 


184° 


[144«T 
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as° LOGARITHMIC SINES, COSINES, TANS AND COTANS. 144° 


' 

Sine. 


Cosine. 

_ 

D. V. 

Tang. 

D. 1'. 

Cotang. 

/ 

0 

9.758591 

3.02 

3 00 
3.00 
3.00 

3 00 

3 00 

3 00 

2 98 

3 00 

2 98 
2.98 

9.913365 

1 48 

1 48 

1 47 
1.48 

1.47 

1 48 

1.48 

1 48 
1.48 
1.48 
1.48 

9.845227 

4 48 

4 47 

4 48 

4 48 

4.47 

4 48 

4.48 
4.47 

4 47 

4 48 
4.47 

10.154773 

60 

1 

.758172 

.913276 

.815496 

.154504 

59 

2 

■758952 

.913187 

.845764 

.154236 

58 

3 

.759182 

.913099 

.816033 

.153967 

57 

4 

.759812 

.913010 

.816302 

.153698 

56 

5 

.759492 

.912922 

.846570 

.153430 

55 

6 

.759672 

.912833 

.846839 

.153161 

54 

7 

.759852 

.912741 

.847108 

.152892 

63 

8 

.760031 

.912655 

.817376 

.152624 

52 

9 

.760211 

.912566 

.847644 

.152356 

51 

10 

.760390 

.912477 

.847913 

.152087 

50 

11 

9.760509 

2.98 

2 98 

2 98 

2 98 

2 98 

2 97 
2.98 
2.97 

2 97 

2 98 

9.912388 

1 48 
1.48 
1.48 

1 50 

1 48 

1 48 
1.50 
1.48 
1.50 
1.48 

9.848181 

4 47 

4 47 
4.48 

4 47 

4 47 

4 47 

4 45 

4 .47 

4 47 
4.47 

10.151819 

49 

12 

.760748 

.912299 

.818419 

.151551 

48 

13 

.760927 

.912310 

.848717 

.151283 

47 

14 

.761106 

.912121 

.848986 

.151014 

46 

15 

.701285 

.912031 

.819251 

.150746 

45 

16 

.761464 

.911942 

.849522 

.150478 

44 

17 

.761042 

.911853 

.819790 

.150210 

43 

18 

.761821 

.911763 

.850057 

. 1-49943 

42 

19 

.761999 

.911674 

.850325 

.149075 

41 

20 

.762177 

.911584 

.850593 

.149407 

40 

21 

9.762356 

2 97 

2 97 ; 
2 95 

2 97 

2 97 

2 95 • 
2 9T 1 

9.911495 

1 50 

1 50 
1.48 

1 50 

1 50 

1 50 

1 50 

1 50 

1 50 
1.50 

9.850861 

4 47 

4 45 

4 47 
4.45 
4.47 

4 45 

4 45 

4 47 

4 45 

4 45 

10.149139 

39 

21 

.762534 

.911405 

.851129 

.148871 

88 

23 

.762712 

.911315 

.851396 

.148604 

37 

24 

.762889 

.911226 

.851664 

. 1483136 

86 

25 

.703007 

.911136 

.851931 

.148069 

35 

26 

.763245 

.911046 

.852199 

.147801 

34 

27 

.763422 

.910956 

.852466 

.147534 

33 

28 

.763600 

.910866 

.852733 

.147267 

32 

29 

.763177 

2 95 | 
2.95 

.910776 

.853001 

.146999 

31 

30 

. 763954 

.910686 

.853268 

.146732 

30 

31 

9.764131 

2 95 

2 95 ] 
2 95 | 
2.93 1 
2 95 i 
2 93 ! 
2 93 . 
2 95 I 
2.93 | 
2.93 

9.910596 

1 50 

9.853535 

4 45 

4 45 

4 45 

4 45 

4 45 

4 45 

4 45 

4 45 
4.45 
4.43 

10.146465 

29 

32 

.76-1308 

.910506 

.853802 

.146198 

28 

33 

.764485 

.910415 

1 50 

1 50 
1.52 
1.50 

1 52 
1.50 

1 52 
1.52 

.8540G9 

.1-45931 

27 

34 

.764602 

.910325 

.85-4336 

.145664 

26 

35 

.761838 

.910235 

.854603 

.115397 

25 

36 

.765015 

.910144 

.854870 

.145130 

24 

37 

.765191 

.910051 

.855137 

.144803 

23 

38 

.765367 

.909963 

.855404 

.144596 

22 

39 

.765514 

.909873 

.855611 

.114329 

21 

40 

.765720 

.909782 

.855938 

.144062 

20 

41 

9.765896 

2.93 

2 92 J 

9.909691 

1.50 

9.856204 

4.45 

4 43 

4 45 

4 43 

4 45 

4 43 

4 43 

4 45 
4.43 
4.43 

10.143796 

19 

42 

.706072 

.909601 

.856411 

.143529 

18 

43 

.766217 

.909510 

li.62 

1 52 
1.52 
1.52 
1.52 
1.52 

1.52 

1.53 

.856137 

.143263 

17 

44 

.766123 

2 92 
2.93 

2 92 

2.92 

2.93 

2 92 
2.90 

.909419 

.857004 

.142996 

16 

45 

.766598 

.909828 

.857210 

.112730 

15 

46 

.766174 

.909237 

.857537 

.142463 

14 

47 

.700949 

.909146 

.857803 

.142197 

IS 

48 

.767124 

.909055 

.858069 

.141931 

12 

49 

.767300 

.908964 

.858336 

.141664 

11 

50 

.767475 

.908873 

.858602 

.141398 

10 

51 

9.767649 

2.92 

2.92 

2.90 

2.92 

2.90 

2.92 

2 90 

2 90 
2.90 

9.908781 

1.52 

1.52 

1.53 

1.52 

1.53 

1.52 

1.53 
1.53 
1.52 

9.858868 

4.43 

4.43 

4 43 
4.43 
4.43 
• 4.43 
4.43 

4.42 

4.43 

10.141132 

9 

52 

.767824 

.908690 

.859134 

.140866 

8 

53 

54 

.767999 

.768173 

.908599 

.908507 

.859400 

.859666 

.140600 

.140334 

7 

6 

55 

.768348 

.908416 

.859932 

.140068 

5 

56 

.768522 

.908324 

.860198 

.139802 

4 

57 

.708697 

.908233 

.860464 

.139586 

8 

58 

.768871 

.908141 

.800730 

.139270 

2 

59 

.769045 

.908049 

.860995 

.139005 

1 

60 

9.709219 

9.907958 

9.861261 

10.188739 

0 

' 

Cosine. 1 I). 1\ I 

Sine. 

d. r. 1 

Cotang. 

D. 1*. 

Tang. 

i 
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36° LOGARITHMIC RINKS, COSINES, TANS AND COTANS. 143° 


t 

Sine. 

D. 1\ 

1 | 

J Cosine. ; 

D. 1\ jj 

Tang. J 

D. 1\ j 

Cotang. ! 

' 

0 

9.769219 


1 9.90?J58 

1.53 | 
1.58 ! 
1.53 
1.53 

1 53 

1 53 
1.53 
1.53 

1 55 

1 53 
1.53 

9.861261 

4 43 

4 42 

4 43 

4 42 

4 43 

4 42 

4 42 

4 43 
,4 42 

10 138739 

60 

1 

.769393 

2 90 

1 .907866 

i .861527 

.138473 

59 

2 

.769566 

2 88 

! .907774 

i .861792 

.138208 

58 

3 

.769740 

2.90 

2 88 

| .907G82 

.862058 

.137942 

57 

4 

.769913 

1 .907590 

.802323 

.137677 ; 

56 

5 

.770087 

2 90 

2 88 j 
2 88 

2 88 
2.88 

2 88 
2.88 

.907498 

.862.589 

.137411 

55 

6 

.770260 

.907406 

.862854 

.137146 1 

54 

7 

.770433 

.907:114 

.863119 

.136881 

53 

8 

9 

.770606 

.770779 

.907222 
j .907129 

.863885 
.803650 , 

.136615 

.136350 

52 

51 

10 

.770952 

| .907037 

.863915 j 

4.42 

.136085 

50 

11 

9.771125 

2 88 

1 9 900945 

1.55 

1 53 

1 55 
1.53 
1.55 
1.55 1 
1.55 1 
1 

9 864180 

4 42 
4.42 

4 42 

4 42 

4 42 

4 42 

4 42 

4 42 

4 40 
4.42 

10.135820 

49 

12 

.771298 

.900852 

i .861445 ! 

.135555 

48 

13 

.771470 

2 87 

2 88 ! 
2 87 

2 87 
2.87 

2 87 

2 87 

2 87 
2.87 

. .906760 

.864710 | 

.135290 

47 

14 

.771643 

.906607 

1 .864975 | 

.135025 

46 

15 

.771815 

.906575 

! .805240 j 

.134760 

45 

16 

.771987 

.906482 

i .865505 

.134495 

44 

17 

.772159 

.906389 

.805770 j 

.134230 

43 

18 

19 

.772331 

.772503 

.906296 

.906204 

j .866035 | 
! .866300 j 

.133965 

.133700 

42 

41 

20 

.772675 

.906111 

1M 

j .866564 

.133436 

40 

21 

9.772847 

2 85 
2.87 : 
2 85 ; 
2 87 j 
2.85 | 

9.906018 

1.65 

9.866829 

4 42 
; 4 40 

4 42 
4.40 

4 42 

4 40 
4.40 

4 42 

4 10 
4.40 

10.133171 

39 

22 

.773018 

.905925 

.807094 I 

.132906 

38 

23 

.773190 

.905832 

1.55 

.867358 1 

.132612 

37 

24 

.778361 

.905739 

.867623 : 

.132377 

36 

25 

.773533 

.905045 

1 55 
1.55 

1 55 ! 
1.57 

.867887 : 

.132113 

85 

26 

.773704 

■ .905552 

.868152 ! 

.131848 

34 

27 

.773875 

2 85 

. .905459 

.868416 : 

.131584 

33 

28 

.774046 

2 85 

2 85 

2 85 
2.83 

| .9051166 

1 .868680 , 

.131320 

32 

29 

.774217 

; .905272 

1 .868945 j 

.131055 

31 

30 

.774388 

i .905179 

i 1.57 

j .869209 | 

.130791 

30 

31 

9.774558 

2 85 ! 
2 83 
2.85 • 

9.905085 

1.85 

1 9.869473 

4 40 

4 40 

4 40 

4 40 

4 40 
4.40 
4.40 

1 4 40 

1 4 40 
! 438 

10.130527 

29 

32 

.774729 

.904992 

! .8697'37 ’ 

.130263 

28 

83 

34 

.774899 

.775070 

.904898 

.904804 

1 57 

.87'0001 

.870205 

.129999 

.129735 

27 

26 

85 

.775240 

2 83 

2 as 

2 as 

2 as 

2 as 

2.83 

2.82 

.904711 

1 57 j 

; .870529 

.129471 

25 

36 

.775410 

.904617 

j .870793 

.129207 

24 

37 

.775580 

.904523 ! 


1 .871057 

.128943 

23 

88 

.775750 

.904429 

1 04 

1 57 

! .871321 

.128679 

22 

39 

.775920 

.904335 

1 57 
1.57 

! .871585 

.128415 

21 

40 

.776090 

i .904241 

1 .871849 

.128151 

20 

41 

9.770259 

2 83 

2 82 

2 as 

I 9.904147 

1.57 

1.57 

1 58 
1.57 

1.57 

1.58 

1.57 

3.58 

1.57 

1.58 

9.872112 

4 40 

4 40 
4.38 

4 40 

4 38 
4.40 
4.38 
4.38 

4 40 
4.38 

10.127888 

19 

42 

.776429 

! .904053 

.87237-6 

.127624 

18 

48 

.776598 

.903959 

.872640 

.127360 

17 

44 

.776768 

.903864 

.872903 

.127097 

16 

45 

.776937 

2.82 

2 82 

.903770 

.873167 

.126833 

15 

46 

.777106 

.903670 

.873430 

.126570 

14 

47 

.777275 

2.82 

.903581 

.873094 

.120306 

13 

48 

.777444 

2.R2 

2 82 
2.80 
2.82 

, .903487 

1 .873957 

.126043 

12 

49 

.777613 

.903392 

.871220 

.125780 

11 

50 

.777781 

.903298 

.874484 

.125516 

10 

51 

9.777950 

2 82 

2 80 
2.80 

i 9.903208 

1.58 

1.57 

1.58 
1.58 
1.58 
1.58 
1.58 
1.58 ! 
1.58 ; 

9.874747 

4.88 

4 38 

4 40 
j 4.38 

I 4.38 , 
1 4.38 

1 4.38 

I 4.38 
! 4.3? 

1 

10.125253 

9 

52 

.778119 

! .903108 

.875010 

.124990 

8 

53 

.778287 

.903014 

.87527-3 

.124727 

7 

54 

.778455 

.902919 

.875537 

. 12446S 

6 

55 

.778624 

2.82 

2 80 
2.80 
2.80 l 
2.78 
2.80 

.902824 

.875800 

.124200 

5 

56 

.778792 

.902729 

.876063 

.123987 i 

4 

57 

.778960 

.902634 

.876326 

.123674 

3 

58 

.779128 

.902539 

.876589 

.123411 

2 

59 

.779295 

002444 

.876852 

.123148 

1 

60 

9.779463 

9 902349 

9.877114 

10.122886 

0 

~ 

' 

Cosine. 

! 1). 7*. 

! i Sine. 

D. 1*. 

1 Cotang. 

11 >. r. 

1 Tang. 



186 ' 



87° LOGARITHMIC SINES, COSINES, TANS AND COTANS. 148“ 


' 

Sine. 

D.l\ 

Cosine. 

D. 1-. 

Tang. 

D. r. 

Cotang. 

' 

0 

9.779403 

2.80 

2.78 

2.80 

2.78 

2 78 

2 78 

2 78 

9.902349 

1.60 

1.58 

1.58 

1.60 

1.58 

1 60 
1.58 
1.60 
1.58 

1 60 
1.60 

9.877114 

4 88 

4 38 

4 38 

4 37 

4 38 

10.122886 

60 

1 

.■579031 

.902253 

.877377 

.122623 

59 

o 

.779798 

.902158 

.877040 

.122360 

58 

3 

.7799G0 

.902063 

.877903 

.122097 

57 

4 

.780183 

.901967 

.878165 

.121835 

5G 

5 

.780300 

.901872 

.878428 

.121572 

55 

a 

.780467 

.901776 

.878691 

4 38 

4 37 

4 38 

4 37 

4 38 

4 37 

.121309 

54 

7 

.780634 

2^78 

2.78 

2.77 

2.78 

.901681 

.878953 

.121047 

53 

8 

.780801 

.901585 

.879216 

.120784 

52 

9 

.780908 

.90149J 

.879478 

.120522 

51 

10 

.781134 

.901394 

.879741 

.120259 

50 

11 

9.781301 

2 78 

2 77 

9.901298 

1 60 

1 00 

1 60 

1 60 

1 60 

1 60 

1 60 

1 62 

1 60 

1 60 

9.880003 

4 37 

4 38 

4 37 
4.37 

4 37 

4 38 

4 37 

4 37 

4 37 
4.37 

10.119997 

49 

12 

.781468 

.901202 

.880265 

.119735 

48 

13 

.781634 

.901106 

.880528 

.119472 

47 

14 

.781800 

2 77 

2 77 

2 77 

2 77 
2.77 

2 77 
2.75 

.901010 

.880790 

.119210 

46 

15 

.781966 

.900914 

.881052 

.118948 

45 

16 

.782133 

.900818 

.881814 

.118686 

44 

17 

.782298 

.900722 

.881577 

.118423 

43 

18 

.782464 

.900626 

.881839 

.118161 

42 

19 

.782630 

.900529 

.882101 

.117899 

41 

20 

.782796 

.9004:33 

.882363 

.117637 

40 

21 

9.782961 

2 77 
8.75 

9.900337 

1 62 

1 60 

1 62 

1 60 

1 62 

1 G2 

1 62 

1 60 

1 62 
1.62 

9 882625 

4 37 

4 35 
4.37 
4.37 

4 37 

4 37 

4 35 
4.37 
4.35 
4.37 

10.117375 

39 

22 

.783127 

.900240 

.882887 

.117113 

38 

23 

.78321)2 

2.77 

2.75 

2.75 

2.75 

2 75 
2.73 

.900144 

.883148 

.116852 

37 

24 

.783458 

.900047 

.883410 

.116590 

36 

25 

.783623 

.899951 

.883672 

.116328 

35 

28 

.783788 

.899854 

.883934 

.116066 

ai 

27 

.783953 

.899757 

.884196 

.115804 

33 

28 

.784118 

.899660 

.884457 

.115543 

32 

29 

.781282 

.899564 

.884719 

.115281 

81 

30 

.784447 

2] 75 

.899467 

.884980 

.115020 

30 

31 

9.784612 

2.73 

9.899370 

1 62 

1 62 

1 (53 
1.62 

1 62 
1.62 

1 (53 
1.62 

1 03 
1.62 

9.885242 

4 37 

4 85 
4.35 

4 37 

4 35 

4 37 

4 35 

4 35 

4 35 
4.35 

10.114758 

29 

32 

784776 

.899273 

.885504 

.114496 

28 

33 

.781941 

2 73 
2.73 
2.73 

2 73 

2 73 

2 73 

2 73 
2.72 

.899176 

.885765 

.114235 

27 

34 

.785105 

.899078 

.886026 

.113974 

26 

35 

.785269 

.898981 

.886288 

.113712 

25 

38 

.7854.33 

.898884 

.886549 

.113451 

24 

37 

.785597 

.898787 

886811 

.113189 

23 

38 

.785761 

.898689 

.887072 

.112928 

22 

39 

.785925 

.898592 

.887383 

.112667 

21 

40 

.786089 

.898494 

.88759-4 

.112406 

20 

41 

9.786252 

2.73 

2 72 
2.72 

2 73 
2.72 

2 72 
2.72 
2.70 

2 72 
2.72 

9.898397 

1.63 

9.887855 

4 35 
4.37 

4 35 

4 35 

4 35 

4 33 

4 35 
4.35 

4 35 
4.35 

10.112145 

19 

42 

.786416 

.898299 

.888116 

.111884 

18 

43 

.786579 

.898202 

1 63 

1 63 

1 63 

1 63 

1 63 
1.63 

1 63 

1 (53 

.888:578 

.111622 

17 

44 

.786742 

.898104 

.888639 

.111361 

16 

45 

.786906 

.898006 

.888900 

.111100 

15 

46 

.787069 

.897908 

.889161 

.110839 

14 

47 

.787232 

.897810 

889421 

.110579 

13 

48 

.787395 

.897712 

.8b9682 

.110318 

12 

49 

.787557 

.897614 

.889943 

.110057 

11 

50 

.787720 

.897516 

.890204 

.109796 

10 

51 

9.787883 

2.70 

2.72 

2.70 

2.70 

2 70 
2.70 
2.70 
2.70 
2.70 

9.897418 

1 63 

1 63 

1 (55 
1.63 

1 65 

1 63 
1.65 

1 63 
1.(55 

9.890465 

4 33 
4.35 

4 35 
4.83 

4.as 
' 4.33 
4.85 
4.:53 
4.35 

10.109535 

9 

52 

.788015 

.897320 

.890725 

.109275 

8 

53 

.788208 

.897222 

.890986 

.109014 

7 

54 

788370 

.897123 

.891247 

.108753 

6 

55 

.788532 

.897025 

.891507 

.108493 

5 

56 

.788694 

.896926 

.891768 

.108232 

4 

57 

.788856 

.896828 

.892028 

.107972 

8 

58 

.789018 

.896729 

.892289 

.107711 

2 

59 

.789180 

.896631 

.892549 

.107451 

1 

00 

9.789342 

9.896532 

9.892810 

■10.107190 

0 

' 

Cosine. 

D 1*. 

Sine. 

J>. 1\ 

Cotang. 

D. 1\ 

Tang. | • 


58° 


187' 


[141*] 








88 “ LOGARITHMIC SINKS, COSINKS, TANS AND COTANS. 141 ° 


t 

Sine. 

d. r. 

Cosine. 

D. 1\ 

Tang. 

D. 1\ 

Cotang. 

' 

0 

9.789342 

2 70 

2 68 ! 

2.70 

2.08 

2 68 
2.68 
2.68 

2 68 

2 68 

2 68 
2.68 

9.896532 

1 05 

1 03 

1 65 

1 65 

1 65 

1 65 
1.65 
1.65 
1.67 

1 65 
1.65 

9.892810 

4 33 

4 35 

4 33 

4 33 

4 33 
4.35 
4.38 
4.33 
4.33 
4.33 
4.33 

10.107190 

60 

1 

.7895(44 

.890433 

.893070 

.106930 

59 

2 

.789665 

.890335 

.893331 

.106669 

58 

3 

.789827 

.896236 

.893591 

.100409 

57 

i 

.789988 

.896137 

.893851 

.10G149 

56 

6 

.790149 

.890038 

.894111 

.105889 

55 

6 

.190310 

.895939 

.894372 

.105628 

54 

7 

.790471 

.89.5840 

.894032 

.105308 

53 

8 

.790632 

.805141 

.894892 

.105108 

52 

9 

.790793 

.895641 

.895152 

.104848 

51 

10 

. 790954 

.895542 

.895412 

.104588 

50 

11 

9.791115 

2 67 
2.68 

2 67 

2 68 

2 67 
2.67 

9.895443 

1.67 

1 65 

1 05 

1 67 

1 67 
1.65 

1 67 

1 67 

1 67 
1.67 

9.89.5672 

4.33 

4 33 
4.33 

4 33 

4 32 

4 33 
4.33 

4 33 

4 32 

4 .‘13 

10.104328 

49 

12 

.791275 

.895343 

.895932 

.104008 

48 

13 

.791436 

.895244 

.896192 

.103808 

47 

14 

.791596 

.895145 

.890452 

.103548 

46 

15 

.791757 

.895045 

.896712 

.103288 

45 

16 

.791917 

.894945 

.896971 

.103029 

44 

17 

.792077 

.894846 

.897231 

.102769 

43 

18 

.792237 

2 67 
2.67 
2.65 

.894746 

897491 

.102509 

42 

19 

.792397 

.894646 

.8977.31 

.102219 

41 

20 

.792557 

. 894546 

.898010 

.101990 

40 

21 

9 792716 

2 67 

2 65 

2 67 

2 03 

2 67 

2 65 

2 65 

2 65 

2 65 
2.63 

9.894446 

1 67 

1 67 

1 67 
1.67 

1 67 

1 67 

1 68 

1 67 

1 68 
1.67 

9.898270 

4.33 

4.32 

4 33 

4 32 

4 33 

4.32 

4.33 
4.32 

4 32 
4.32 

10.101730 

39 

22 

.792876 

.894.340 

.898530 

.101470 

38 

23 

.793035 

.894246 

.898789 

.101211 

87 

24 

.793195 

.8544140 

.899049 

.100951 

36 

25 

.793354 

.894046 

.899308 

.100092 

85 

26 

.793514 

.893940 

.899508 

.100432 

31 

27 

.793673 

.89:3846 

.899827 

.100173 

83 

28 

.793832 

.893745 

.900087 

.099913 

82 

29 

.793991 

.893045 

.900340 

.099G54 

81 

30 

.794150 

.893544 

.900605 

.099395 

30 

31 

9 794308 

2 65 
2.65 

2 63 

2 63 

2 65 
2.63 
2.63 
2.63 

2 63 
2.63 

9.893444 

1 68 

1 67 

1 08 

1 08 
1.68 

1 68 
167 
1.68 
1.70 
1.68 

9.900864 

4.33 

4.32 

4 32 

4 32 
4.32 

4 .33 

4 32 
4.32 

4 32 
4.32 

10.099136 

29 

1 

.794467 

.893343 

.901121 

.098876 

28 

.794626 

.893243 

.901383 

.098617 

27 

34 

.794784 

.893142 

.901642 

.098358 

26 

35 

.794942 

.89:3941 

.901901 

.098099 

25 

36 

.795101 

.892940 

.902160 

.097840 

21 

37 

.795259 

. 8928439 

.902420 

.097580 

23 

38 

.795417 

.892739 

.902079 

.097321 

22 

39 

.795.575 

.892038 

.902938 

.097062 

21 

40 

.795733 

.892536 

.903197 

.096803 

20 

41 

8.795891 

2 63 
2.62 

2 63 

9 892435 

1 68 

1 (58 
1.68 
1.70 

1 68 

1 70 
1.68 

1 70 

1 68 
1.70 

9.903456 

4 30 
4.32 

4 32 

4 32 

4 32 

4 30 
4.32 

4 32 

4 32 
4.30 

10.096544 

19 

42 

.796049 

.892334 

.9013714 

.096286 

18 

43 

.796206 

.892283 

.903973 

.096027 

17 

44 

.796364 

.892132 

.904232 

.095768 

16 

45 

.796.521 

2 63 

2 62 

2 62 

2 62 

2 62 
2.63 

.892030 

.904491 

.09r/O9 

15 

46 

.796679 

.891929 

.904750 

.095250 

14 

47 

.796830 

.891827 

.905008 

.094992 

13 

48 

.796993 

.891726 

.905267 

.091733 

12 

49 

.797150 

.891624 

.905526 

.094474 

11 

50 

.797307 

.891523 

.905785 

.094215 

10 

51 

9.797464 

2.62 

2.00 

9.891421 

1.70 

1 70 
1.70 
1.70 
1.70 
1.70 

1 70 
1.70 
1.70 

9.906043 

4.32 

4.30 

4.32 

4 30 

4 82 
4.30 
4.32 

4 30 
4.30 

10.093957 

9 

52 

.797621 

.891319 

.906302 

.093098 

8 

53 

.797777 

.891217 

.906500 

.093440 

7 

54 

.797934 

2 02 
2.60 
2.00 
2.62 
2.60 
2.60 

.891115 

.906819 

.093181 

6 

55 

.798091 

.891013 

.907077 

.092923 

5 

56 

.798247 

.890911 

.907336 

.092604 

4 

57 

.798403 

.890809 

.907594 

.092406 

3 

58 

.798560 

.890707 

.907853 

.092147 

2 

59 

.798716 

.890605 

.908111 

.091889 

1 

60 

9.798872 

9.890503 

9.908369 

10 091681 

0 

' 1 Cosine. 1 D. 1'. 

Sine. 

D. 1\ 

Cotang. 

D. 1'. 

Tang. 1 * 


188 ° 


[144 vl 


81 ° 










39 ° louabithmic sinks, cosinks, tans and cotans. 140 ° 


' 

Sine. 

D. 1\ 

. 

Cosine. 

D.r. 

Tang. 

D. 1'. 

Cotang. 

t 

0 

9.798872 

2 00 

2 00 

2 58 
2.00 

2 60 

2 58 

2 00 

2 58 

2 58 

2 58 
2.58 

9.890503 

1.72 

1 70 

9.908309 

4.32 

4 30 
4.30 

4 30 

4 30 

4 30 

4 32 

4 30 

4 30 

4 30 

4 30 

10.091631 

60 

1 

.799028 

.890400 

.908028 

.091872 

59 

2 

.799184 

.890298 

.908880 

.091114 

58 

3 

.799339 

.890195 


.909144 

.090850 

57 

4 

.799495 

.890093 

1.72 

1.70 

.909402 

.090598 

56 

5 

o 

.799651 

.799806 

.889990 

.889888 

.909600 

.909918 

.090340 

.090082 

55 

54 

7 

.799962 

.889785 

1.72 

1.72 

1.70 

1.72 

.910117 

.089823 

53 

8 

800117 

.889082 

.910435 

.089505 

52 

9 

.800272 

.889579 

.910093 

.089307 

51 

10 

.800427 

.889177 

.910951 

.089049 

50 

11 

9.800582 

2.58 

2.58 

2 58 

2 57 

2 58 

2 58 

2 57 

2 57 

2 57 

2 58 

9.889374 

1 72 

9.911209 

4.30 

4 30 

4 28 

4 30 

4 30 
4.30 

4 30 
4.28 

4 30 
4.30 

10.088791 

49 

12 

.800737 

.889271 

.911407 

.088533 

48 

13 

.800892 

.889108 

1 73 

1 72 
1.72 

1 72 

1 73 

1 73 

.911725 

.088275 

47 

14 

.801047 

.8890* >1 

.911982 

.088018 

46 

15 

.801201 

.888901 

.912240 

.087760 

45 

16 

.801350 

.888858 

.912498 

.087502 

44 

17 

.801511 

.888755 

.912756 

.087244 

43 

18 

.801005 

.888051 

.913014 

.086986 

42 

19 

.801819 

.888548 

.913271 

.086729 

41 

20 

.801973 

.888441 

1.12 

.913529 

.080471 

40 

21 

9.802128 

2 r >~ 

9.888311 


9.913787 

4.28 

4 30 
4.30 

4 28 

4 30 
<* 28 

4 30 

4 28 

4 28 

4 30 

10.086213 

39 

22 

.802282 

.888237 

1 72 

1 73 

1 73 
1.73 
1.73 
1.73 
1.78 
1.73 

1 73 

. 914044 

.085950 

38 

23 

.802436 

2 55 

2 57 

2 57 

2 55 

2 57 
2.55 
2.67 
2.55 

.888131 

.914302 

.085098 

37 

24 

.802589 

.888030 

.914.500 

.085440 

36 

25 

.802743 

.887920 

.914817 

.085183 

35 

26 

.802897 

.887822 

.915075 

.084925 

34 

27 

.803050 

; .887718 

.915332 

.084668 

33 

28 

.803204 

.887014 

.915590 

.084410 

82 

29 

.803357 

.887510 

.915847 

.084153 

31 

30 

.803511 

.887400 

.916194 

.'183896 

30 

31 

9.803604 


9.887302 

1 73 

1 75 
1.73 

1 73 

1 15 
1.73 

1 75 
1.75 

1 73 
1.75 

9 916362 

4 28 

4 30 
4.28 

4 28 

4 28 
4.30 
4.28 

4 28 

4 28 
4.28 

10.083538 

89 

32 

.803817 

% 

.887198 

.910019 

.083381 

28 

33 

.8013970 

2 55 

2 65 

2 55 

.887093 

.910877 

.083123 

27 

34 

.804123 

.880989 

.917134 

.082860 



.804270 

.880885 

.917391 

.082009 

25 

36 

.80*428 

.880780 

.917618 

.082352 

24 

37 

.804581 


.886070 

.917900 

.082094 

23 

38 

.804734 

2 53 

2 55 

2 53 

.886571 

.918103 

.081887 

22 

39 

.804880 

.880400 

: .918420 

.081580 

21 

40 

.805039 

880302 

.918677 

.081323 

20 

41 

9 805191 

2 53 

2 53 

2 53 

2 53 
2.53 

2 53 

2 52 

2 53 

2 52 
2.53 

9.880257 

1.75 

1 75 
1.75 

9 918934 

4 28 

4 28 

4 28 

4 28 

4 28 

4 28 

4 28 

4 28 
4.28 
4.27 

10.081066 

19 

42 

.805348 

.880152 

.919191 

.080809 

18 

43 

.805495 

.886017 

919448 

.080552 

17 

44 

.805647 

.885912 

.919705 

.080295 

16 

45 

.805799 

.885837 

3.75 

1 75 

.919902 

.080038 

15 

46 

.805951 

.885732 

.920919 

.079781 

14 

47 

.800103 

.885627 

.920476 

.079524 

13 

48 

.800254 

.885522 

: 3 77 

.920733 

.079267 

12 

49 

.800400 

.885410 

920990 

.079010 

11 

50 

.806557 

.885311 

j Is? 

.921247 

.078753 

10 

51 

9.800709 

2 52 
2.52 

9 885205 


9 921503 


10.078497 

,9 

52 

.806800 

.885100 

.921700 


.078210 

8 

53 

.807011 

.884994 

j ' U 

.922017 

4.28 

4.27 

4.28 

.077983 

7 

54 

.807163 


.884889 

. 1 77 
! 1 77 

! 1 75 

.922274 

.077726 

6 


.807314 


.8847813 

.922530 

.077470 

5 

5(1 

.807465 

2 50 

884077 

.922787 

.077213 

4 

57 

.807615 

.884572 

.923044 

4 27 

4 28 

4 28 

.076956 

8 

58 

.807700 

252 

2 50 

.884406 


.923300 

.076700 

2 

59 

.807917 

.884000 

1 1.77 

.923557 

.076443 

1 

(JO 

9.808007 

9 884254 

9.923814 

10 0761R6 

0 


Cosine. 

1 1 ). r. 

1 Sine. 

i D.r. 

1 Cotang. 

1 D. r. 

Tang. 

• 


139 “ [1451 * 0 ° 






40 a LOGARITHMIC HINES, COSINES, TANS AND COTANS. 139° 


/ 

Sine. 

d. r. 

Cosine. 

D. 1\ 

Tang. 

0 

9.808067 

2 52 

2 50 

9.884254 

1.77 

1 77 

1 77 

1 78 

9.923814 

1 

.808218 

.884148 

.924070 

2 

.808868 

.884042 

.924327 

8 

.808519 

2 50 

2 50 
2.50 

2 50 

2 50 

2 50 

2 50 

2 48 

.883936 

.924583 

4 

.808609 

.883829 

.924840 

5 

.808819 

.883723 

J V'f 

.925096 

6 

.808969 

.883617 

1 78 

1.77 

1.78 

.925352 

7 

.809119 

.883510 

.925609 

8 

.809269 

.883404 

.925865 

9 

.809419 

.883297 

.926122 

1C 

.809569 

.883l9x 

1.78 

.9261178 

11 

9.809718 

2.50 

2 48 

2 50 

2 48 

2 48 
2.48 
2.48 

2 48 
2.48 
2.48 

9.883084 

1 78 

9.926634 

12 

.809868 

.882977 

.926890 

13 

.810017 

.882871 

1 78 

1 78 
1.78 

1 78 

1 78 
1.78 

1 80 
1.78 

.927147 

14 

.810167 

.882764 

.927403 

15 

.810816 

.882657 

.927659 

16 

.610465 

.882550 

.927915 

17 

.810614 

.882443 

.928171 1 

18 

.810763 

.882336 

.928427 | 

19 

.810912 

.882229 

.928684 ' 

20 

.811061 

.882121 

.928940 

21 

9.811210 

2 47 

2 48 
2.47 

2 48 

2 47 

2 47 

2 47 

2 47 

2 47 

2 47 

9.882014 

1.78 

1 80 

1 78 

1 80 
1.78 
1.80 
1.80 
1.80 
1.78 
1.80 

9.929196 

22 

.811358 

.881907 

.929452 

23 

.811507 

.881799 

.929708 

24 

.811655 

.881692 

.929964 

25 

.811804 

.881584 

.930220 

26 

.811952 

.881477 

.930475 

27 

.812100 

.881869 

.930731 

28 

.812248 

.881261 

.930987 

29 

.812396 

.881153 

.931243 

80 

.812544 

.881046 

.931499 

81 

9.812692 

2 47 

2 47 

2 45 

2 47 

2 45 

2 47 
2.45 
2.45 

2 45 
2.45 

9.880938 

1.80 

1.80 

1.82 

1.80 

1.80 

1 80 

1.82 

1 80 

1 82 

1.80 

9.931755 

32 

.812840 

.880830 

.932010 1 

83 

.812988 

.880722 

.932266 

34 

.818135 

.880613 

.932522 

85 

.818283 

.880505 

.932778 

36 

.813430 

.880397 

.933038 

37 

.813578 

.880289 

.933280 

38 

.813725 

.880180 

.933545 

39 

.813872 

.880072 

.933800 ! 

40 

.814019 

.879963 

.934056 

| 

41 

9.814166 

2 45 

2 45 

2 45 
2.43 
2.45 

2 43 
2.45 

2 43 
2.43 
2.45 

9.879855 

1.82 

1 82 

1.80 
1.82 
1.82 

1 82 

1 82 

1.82 

1 82 

1.82 

9.934311 1 

42 

.814313 

.879746 

.934567 

43 

.814460 

.879637 

.934822 i 

44 

.814607 

.879529 

.935078 , 

45 

.814753 

.879420 

.935333 

46 

.814900 

.879311 

,935589 

47 

.815046 

.879202 

.935844 

48 

.815193 

.879093 

.936100 

49 

.815339 

.878984 

.936355 

50 

.815485 

.878875 

.936611 

51 

9.815632 

2.43 

2 43 
2.42 

2 43 

2 43 

2 48 

2 42 

9.878766 

1.83 

1.82 

1.82 

1.83 

1.82 

1.83 

1.83 

1.82 

1.83 

9.936866 

52 

.815778 

.878656 

.937121 

58 

.815924 

.878547 

.937377 

54 

.816069 

.878438 

.937632 

55 

.816215 

.878328 

.937887 

56 

.816361 

.878219 

.938142 

57 

58 

.816507 

.816652 

.878109 

.877999 

.938:198 

,938653 

59 

.816798 

,10 

.877890 

.938908 

60 

9.816943 


9.877780 


9.939163 


Cosine. 

d. r. 

1 Sine. 

D. 1\ 

! Cotang. 


10.076186 60 
.075930 59 
.075673 
.075417 
.075160 
.074904 
.074648 
.074391 
.074135 
.073878 
.0736532 
10.073366 
.073110 
.072853 
.072597 
.072341 
.072085 
.071829 
071573 
.071316 
| .071060 


i .066711 
! 066455 


, 10.065689 19 

.065433 18 
.065178 17 
.064922 16 

; .064667 15 

061411 i 14 
064156 ! 13 
.063900 , 12 
.063645 11 
.063389 I 10 
10 063134 * 9 
.062879 8 

.062628 j 7 
.062368 6 

.062113 5 

.061858 ; 4 
.061602 3 

.061347 2 

.061092 1 

10.000837 0 


130 
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u° LOGABITHMIO HINES, COSINES, TANS ANI) COTANS. 138° 


' Sine. 

! 

D. 1\ ! 

Cosine. 

D. V. 

Tang. 

D.l\ 

Cotang. 

t 

0 

9.8169-13 


9.877780 

1.83 

1 83 
1.83 
1.83 

1 83 

1 83 

1 83 
1.85 

1 83 

1 85 
1.83 

9 939168 

4 25 

4.25 

4 25 

4 25 

4 27 

4.25 

4.25 

4 25 

4 25 

10.060837 ' 

60 

1 ! 

.817088 


/877670 

.939418 

.060582 

59 

2 

.817233 


.877560 

i .939673 

.060327 

58 

3 

817379 

2 42 ; 
2 40 
2.42 

2 42 

2 42 
2.40 

2 42 
2.40 

.877450 

.939928 

.060072 

57 

4 

.817524 

.877340 

j .940183 

.059817 1 

56 

5 

.817008 

.877230 

! .940439 

.069561 

65 

6 

.817813 

.877120 

; .940694 

.059306 

54 

7 

.817958 

.877010 

.940949 

.059051 1 

53 

8 

.818103 

.876899 

.941204 

.058796 

52 

9 

.818217 

.876789 

.941459 

.058541 

51 

10 

.818392 

.876678 

.941713 

4 25 

4 25 

.058287 j 

60 

11 

9.818536 

2.42 

2 40 
2.40 
2.40 I 
2 40 

2 40 ; 
2 40 ! 
2 40 

9.876568 

1 85 
1.83 

1 85 

1 85 

1 85 

1 83 

1 85 

1 85 

1 85 

1 87 

9 941968 

10.058032 

49 

12 

.818681 

.876457 

.5442223 

.057777 i 

48 

13 

818825 

.876317 

.942478 

4.25 

4.25 

4.25 

4.25 

4 23 

4 25 
4.25 

4 25 

.057522 ! 

47 

14 

.818069 

.876236 

.942733 

.057267 

46 

15 

.819113 

876125 

.942988 

.057012 | 

45 

16 

.819257 

.876014 

.943243 

.056757 

44 

17 

.819401 

.875904 

.943498 

.056502 

43 

18 

.819545 

.875793 

! .943752 

.056248 

42 

19 

.819689 

.875682 

! .944007 

.055993 

41 

20 

.819832 

2.40 

.875571 

| .944262 

.055738 

40 

21 

9.819976 

2 40 

2 38 

2 38 

2 40 

2 38 

2 38 

2 38 

2 38 

2 38 
2.37 

9.875459 

1 85 

1 85 

1 85 

1 87 

1 85 

1 87 

1 85 

1 87 

1 87 
1.87 

1 9.944517 

4 23 

4 25 

4 25 
4.23 

4 25 

4 25 
4.23 
4.25 

4 23 
4.25 

10.055483 

39 

22 

.820120 

.875348 

1 .944771 

.055229 

88 

23 

.820263 

.875237 

.945026 

.054974 

37 

24 

.820406 

.875126 

.945281 

.054719 

86 

25 

.820550 

.875014 

.945535 

.054465 

35 

26 

.820693 

.874903 

.945790 

.054210 

34 

27 

.820836 

.874791 

, .946045 

.053955 

! 83 

28 

.820979 

.874680 

! .946299 

.053701 

1 32 

29 

.821122 

.874508 

.948554 

.053446 

! 31 

30 

.821265 

.874456 

.946808 

.053192 

30 

31 

9.821407 


9.874344 

1 87 

1 85 
1.87 
; l 88 

I 1 87 

1 87 
1.87 

1 87 

1 88 
1.87 

9.947063 

4 25 

4 23 

4 25 

4 23 
4.23 
4.25 

4 23 

4 25 

4 23 

4 25 

10.052937 

; 29 

32 

.82155C 

2.38 

2 37 
2.37 

2 38 

2 37 

2 37 

2 37 

2 37 

2 37 

.874232 

i .947318 

062682 

1 28 

33 

.821093 

.874121 

.947572 

.052428 

27 

34 

.821835 

.874009 

; .947827 

.052178 

26 

35 

.821977 

.873896 

, .948081 

.061919 

25 

36 

.822120 

.873784 

.948335 

.051665 

24 

37 

.822262 

.873672 

.948590 

.051410 

23 

38 

.822404 

.873560 , 

.948844 

.051158 

22 

39 

.822540 

.873448 

.949099 

.050901 

21 

40 

.822688 

.873335 

j .949353 

.050647 

20 

41 

9.822830 

2 37 
2.37 
2.35 
2.37 

2 37 

2 35 

2 35 

2 37 

2 35 

2 35 

9.873223 

1 88 

1 87 , 
1.88 

1 88 

1 88 

1.87 ; 
1 88 1 
1 88 

1 88 

1.88 

9 949608 

4 23 

4 23 

4 25 

4 23 

4 23 
4.23 

4 25 
4.23 

4 23 
4.23 

10.050392 

19 

42 

43 

.822972 

.823114 

.873110 

.872998 

I .949862 

1 .950116 

.050138 

.049884 

18 

17 

44 

.823355 

.872885 

; .950371 

.049629 

16 

45 

.823397 

! .873772 

.950625 

.049875 

15 

46 

.823539 

.872659 

.950879 

.049121 

14 

47 

.823680 

.872547 

951133 

.048867 

13 

48 

.823821 

.8?2434 

.951388 

.048612 

12 

49 

.823963 

.872321 

.951642 

.048358 

11 

60 

.824104 

.872208 

.951896 

.048104 

10 

51 

9.824245 

2.85 

2 .35 

2 35 

2 3.8 

2 85 

2 85 
2.38 

2 35 

9.872095 

1.90 

1.88 

1 88 ' 
1 1 90 
1.88 

1 90 

1 88 
1.90 | 
1 90 , 

. 

9.952150 

4.25 

4.23 

4.28 

4.23 

4.23 

4 23 
4.23 
4.23 
4.23 

10.047850 

9 

52 

,824386 

! .871981 

.952405 

.047595 

8 

63 

.824527 

! .871808 

.952659 

.047341 

7 

54 

824668 

! .871755 

.952913 

.047087 

6 

55 

.824808 

I .871641 

.953167 

.046833 

5 

56 

.824949 

.871528 

.953421 

.046579 

4 

57 

.825090 

.871414 

.953675 

.046325 

3 

6H 

.825230 

1 .871301 

.953929 

.046071 

2 

69 

.825371 

1 .871187 1 

.954188 

.046817 

1 

60 

9.825511 | 


1 9 871078 

9 954437 

10.045568 

0 

' 1 Cosine. 

1). r. 

, Sine. I 

d. r. 1 

Cotang. 

D.r. 

Tang. 

/ 


(31° 
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48° 
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43° logarithmic sines, cosines, tans and cotanh. 136° 


0 9.833183 

1 .833919 

2 .834054 

3 831189 

4 . 8848SSS 

5 834460 

0 .834595 

7 .884730 

8 .834865 

9 .834999 

10 .835131 

11 9.835269 

12 .8135403 

13 .835538 

14 .835672 

15 .835807 

16 .835941 

17 .830075 

18 .830200 

19 .830343 

20 836477 

21 9.836611 

22 .886745 


9.804127 
.864010 
863892 
.863774 
863656 1 
i .863538 
.8614419 I 
I .863301 
i .863183 
.863064 
.862946 


9.861638 | 
.861519 
.861400 , 
.861280 I 

.861161 i 

.861041 
i .860922 


10.030844 60 
.030091 | 59 
.029838 I 
.029584 ' 
.029331 ! 

, .029078 i 

.028825 


10.025027 
.024774 l 
.024521 ; 


.023256 
.023003 ' 
.022750 | 
10 022497 
.022244 
.021991 j 
.021738 | 
.021485 I 


41 9.839272 

42 839404 

43 .839536 

44 .839668 

45 839800 

46 .839932 

47 .840064 

48 840196 

49 . 840328 

50 .840459 


10.019967 19 
.019714 18 

.019462 17 
.019209 16 
.018956 15 
.018708 14 
.018450 13 
.018197 12 

.017944 11 
017691 10 

10.017438 9 

.017186 8 

.016933 7 

.016680 6 
.016427 5 

.016174 4 

.015921 3 

.015668 2 

.015416 1 

10.015163 0 


D. 1*. il Cotang, i D. 1*. • 
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LOGARITHMIC SINKS, C0BINE8, TANS AND COTANS. UfOT 


Cotang. 


10.01516S 

60 

.014910 

59 

.014657 

58 

014404 

57 

014152 

56 

.013899 

55 

.013646 

54 

.013393 

58 

.013140 

52 

.012888 

51 

.012635 

50 

10.012382 

49 

.012129 

48 

.011877 

47 

.011024 

46 



184 ' 






148 


POLYGONS. 


POLYGONS. 



Pentagon. Hexagon. Heptagon. Octagon. 

b.’iiie*'. 8 «om. I 'mm f bides. 


An y straight-sided fig li called a polygon. If all tne sides and angfes are equal, it li a regal** 
polygon ; If not, It in Irregular. Of course the number of polygons is infinite. 


Table of Regular Polygon*. 


Number 

or 

Sides. 

Name 

of 

Polygon. 

Ares r 

(square of one 
side) mult by 

Hadlua of cir¬ 
cumscribing 
circle — side 
mult by 

Interior angle 

(the eon taiued 
between two 
sides. 

Angle at cen, 

subtended 
by a side. 

H 

Equilateral 

triangle. 

l .4331)13 

.577350 

60° 

120° 

' 4 

Square. 

1.000000 

.707107 

90° 

90° 

5 

Pentagon. 

1.720477 

.850651 

108° 

72° 

6 

Hexagon. 

2.598076 

1.000000 

120° 

60° 

7 

Heptagon. 

3.633912 

1.152382 

128° 34 2857' 

51° 25.7143 

8 

Octagon. 

4 828427 

1.306663 

135° 

45° 

9 

Nonagon. 

6 181824 

1 461902 

140° 

40° 

10 

Decagon. 

7.694209 

1.618034 

144° 

36° 

11 

Undecagon. 

9 305640 

1.774733 

147° 16.3636' 

32° 43.6364' 

12 

Dodecagon 

11.196152 

1.931854 

150° 

80° 


Area of any regular polygon = length of one side, a A X perp p drawn from cen or fig a 
*eu or side X hall the number of sides. 

Bum of Interior angles, a b e, etc. of any polygon, regular or Irregular - 180° x 

(nunihei of sides — 2) 

Angle ateen subtended by a side, In any regular polygon - 360’ -5- number of side* 


TRIANGLES. 



We speak here of plane triangles only; or those haring straight sides. 

A triangle Is equilateral When all it* sides are equal, as a , Isosceles when only two sides 
are equal, as B. scalene when all the sides are unequal, as C. I» and K acute-angled when 
all its angles aie acute, m each Jess than 90°, as A. B, and C , right-angled when it coutains a 
right angle, as I) obtuse-angled when it contains an obtuse angle.,u him gienter than 90' 1 . as K 
All the three angles of any triangle are eqnal to two right 
angles, or 180 -\ tlierelme, ii we kuow two ul them, we can lind tlic ilnrii by - 

subtracting their sum from 180°. All triangles which have equal bases, _ " - A 

and equal perp heights, harealsnequal areas, thus me areas <d a «>c, au d. auii V. A /7' i 

awe, are equal to eaoh other. The area of any triangle is equal t" half \y \ /f . 
thatofanv parallelogram which has an equal base,audaue<iuiil|.erp height. The f\)( 

area* of triangles which hare equal bases, but dlff perp heights, are to / Xx^fy ; 
each other as. or in proportion to. their perp heights, thus the triangle awn, I 

with a perp height * n, equal to but one-half that i* e) of the three other trian *=—-jjr-j. 

gles, but with the same base u w, has also but half the area of either of those u ^ 
others. 

Area of any triangle, Fig* A. B, C, D, E, = half the base, S. X the height, or perp dlst p « 
the opposite angle Anv side may be taken as the base of a triangle; but the perp height must always 
he moa-ared fiom th**'side so assumed; to do which, the side must sometimes be prolonged, as is 
Fie F.. but the prolongation Is not to ho considered as a part of the base 
Area of any equilateral triangle = *33018 X square of one side. 


To find area, having; the three sides. 

Add them ogetber; div the sura by 2; from the iulf sum, subtract each aide separately; multth* 
half sum and the three remainders continuously together; take the sq rtof the prod. 

Bx.-The three sides=20, 30, 40 f\ Here 20 + 30 + 40 =90; and—=-45. And 46-20=25 
16—80=15; and 45—40=5. And 45 X 25 X15 X 5 = 84375- and the sq rtof 84875 is 290.47 sq ft 
treareqd. 
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l-o And area, having one side and the a angle* at Ma ends. 

Add the 2 angle* together; take the sum from 180°, the rem will be the angle opp the given aide 
Pled the nat slue of this angle ; alto And the nat tinea of the other anglea, and mult them together. 
Then as the nat aine of the single angle, is to the prod of the nat ainea of the other 2 anglea, to la th* 
iquare of the given aide to double the reqd area. 

To And area, having two aides, and the included angle* 

Mult together the two aldea, and the nat nine of the included angle; div by 2. 

E* —Sides 650 ft and 980 ft, Included angle 60° 20'. By the table we flud the nat sine 
650 X »80 X .9358 

therefore, ---- 297988 6 aqnare ft area. 

To find area, having the three angles and the 
perp height, a b. 

Find the nat Bines of the three angles; mult together the Bines of the anglea 
d and o; div the Hlne of the angle 6 hy the prod ; mult the quot by the squai* 
of the perp height a b; div by 2. 

To find any side, as d o, having the three 
angles, <7. 6 and ©, and the area. 

(Sine «' d X sine of o) t sine of b 11 twice the area | square of d o. 

The perp height of an equilateral triangle is equal to one aide X .866025 Hence one oi 

its soles is equal to the |ier|> height div by .K6602"> or to |>e r p height X 1 1547. Or, to find a side 
mult the sq rt of its area by 1 51967. The Bide of uu equilateral triangle, mult bv .658037 - side of* 
►quare of the same area ; or mult by .742517 it givea the (flam or a oircle of the same area. 

The following apply to anj plane triangle, whether oblique or right-angled: A 

1. The three angles amount to 180 3 , or two right angles 

B. Any exterior angle, us A C «, is equal to the two interior and opposite A, 

ties, A and B. ' 

8 . The greater side Is opposite the greater angle. 

4. The sides are as the sines or the,opposite angles. Thus, the side a i« 
he side 1 u« the sine of A is to the sine of B 

5. If any angle as a be bisected by a line a o, the two parts mo, on or 
he opposite side m n will be to each other as the either two sides am, an, 
t, m o: o n : a »t a u. 

6. If lines be drawn from each atiglo r * t to the 
center of the opposite side, they will cross each 
other at ouc point, a, and the short part of euch 
or the lines will lie the third part of the whole line 
Also, a ia the oen of grav of the triangle. 




?. If lines be drawn bisecting the three angles, they will meet at a point 
perpendicularly equidistant from each side, and consequently the center 
, of the greatest circle that cun be drawn in the triangle 
' 8. If a hue a n be drawn parallel to any aide c a, 

he two triangle* ris,rra, will be similar. 

9. To dinde any triangle tier into two equal parts bv a line an parallel to 
ny one of Its sides c a. On either one of the other sides, as « r, as a diam, 
escribe a semicircle a or; and find its middle o From r (opposite c a), with 
radius r o, describe the arc o «. From n draw n a. par- 
al lei toe a. w , w f 

10 . To flud the greatest parallelogram that can be 
drawn in any given triangle onb Bisect the three sides at ace, and join 
a c, a e, e c Then eitbei a e h c, aero, or a c e »i, each equal to half the 
triangle, will be the reqd parallelogram. Any of these parallelograms can 
plainly lie converted into a rectangle of equal area, and the greatest that can be 
drawn In the triangle. 

10 V If a line a c bisects any two aides o b, o n, of a triangle, it will be par 
allel to the third side n 6, and half aa long as it. 

„ 11. To fed the greatest square that can be drawn In any triangle azr. From 

an angle aa a draw a perp a n to the opposite side x r, and And ita length. Then 
*#., xrX an 

v n, or a side v t of the square ~ - 


n e h 


xr-j-a 


_—If the triangle is snch that twoi 

two or three euual squares may be found. 


r three such perr» can be daawo, tl 
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PROBLEMS IN SURVEYING. 


ill the foregoing 

B 

•IX 

A b C 


Hielil-anycled Triangles. 

iplj also to right-angled triangles; but what follow apply to tt 
Sail the right angle A, and the others B and C; and call the i 
opposite to them a, 6, and e. Then la 


= 6X 8eoO=i/w4*eC 


»=o X Sine B = «X Coe C = e X Cot 0 = c X Tang R. 
6 = a X Sine C = «XOoeB'=6X Tang0. 

b 

Cm C = - ; 


Also Sine or C at - 

o 

A 

And Sine of 


Tang G = j\ 

5 • b 

jl GoiB-^; Tang Br-, 


And Sine or A or 90° = 1. CoaA=0. Tang A = Infinity. See A ss Infinity. 
t> If from the right angle o a line o w be drawn perp to the hypothenuse or long side b g, then thf 
two small triangles o to A, o w g, and the large oue obg, will be similar. 
Or g to: tc o •: w o: tv h; and g w X tc H ~ w o". 

8. A line drawn from the right angle to the center of tbo long side will 
be half as long as su'd side. 

3. If on the three sides oh, og, gh we draw three squares t, u, v, or 
three circles, or triangles, or any other three llgb that are similar, thon the 
area of the largest one is equal to the sum of the areas of the two others. 

4> In a triangle whose sides are as 3, 4, and 5 fas are those of tbe tri 
, angle ABC), the auglet are Tory approximately 90°; 53° T 48.38"; and 
J 36° 52'11.62". Their Sines, 1.; 8; aui .6. Their Tangs, iuflnity; 1.3333; 
and .15. 

5. Oue whose sides are as 7, 7, and 9 9, has very approx one angle of 90° 
and two of 45° each, uear enough for all practical purposes. 



PROBLEMS IN SURVEYING. 


given side : reqd side. 



Prawn trigonometry teaches how to find certuln unknown parts of plane, or straight■ sided tri* 
angles, by means of other pans which arc knowu; and thus enables us to measure inaccessible dis* 
tanoes, &o. A triangle consists of six parts, namely, three Bides, and three angles; and if we know 
any three of these, (except the three angles, and in the ambiguous case under “ Case 2,") we can find 
the other three. The following fonr oases include the whole subject; the student shou»i commit them 

tememory ‘ File W 

Ciue I. Having- any two angle*, and one side, A 
to find the other side* and angle. 

Add the two angles together; and subti act their sura from 180°; the rem 
will be the third ang'e. And for the sides, as 
Sine of the angle . Sine of the angle 
opp the given side • opp the reqd side 1 
tTse the side thut found, as the given one; and in the same manner find 
tbe third side. 

Having two side*, bn,nc, Fig X. and the angle nftc, 
opposite to one of them, to find tbe other Bide and angles. 

Side a c opp The other Sine of the Sino or angle b d a or 

the given an* ; given eide * ; given angle J 6c aopposite the other 

gle o 6 o 6 a a b e given side 6 a. 

Having found tbe slue, take out tbe corresponding angle from the table o! 

Bat sines, but, In doing so, if tbe side a e opp the given angle il 

shorter than tbe other given side 6 a, bear In mind that an angle and its sup¬ 
plement have the same sine. Thus, In Pig X, the sine, as round above, la 
opp tbe angle 6 o a In the table. But a c, if thorter than 6 a, can evidently be 
laid off in the opp direction, a d, in wbloh case 6 d a is the supplement of b o «. 
If a e is m long as, or longer than, 6 a, there aan he no doubt; for In that eaai 
Uoaunot be drawn toward 6, but only toward *. and the angle be a will M 
pi X ' 1041 •* onoe in the table, opp tbe sine aa found abort. 
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When the two angle*, a b c, b o a, hare been round, And the remaining side by Case 1. 

For the remaining angle, 6 ac, add together the angle a b c first given, and the one, b e a, (boat 
as above. Deduot their sum from 180°. 


Case 3. Having; two wide*, and the ang-le included 
between them. 


Take the angle irom 180°; the rem will be the sum of the two unknown angles. Dlv this sum bf 
2; and dud the nat tang of the quot. Then as 


The sum of the 
two given sides 


Tholr diff 


Tang of half the sum of . Tang of half 
the two unknown augles • their did'. 


Take from the table of nat tang, the augle opposite this last tang. Add this angle to the half sum 
ef the two unknown angles, and it will give the angle opp the longest given side; and subtract it 
from the same half sum, for the angle opp the shortest given side. Having thus found the angles, 
find the third aide by Case 1. 

Asa practical example of the nse of Case A, we can ascertain the dlst n m norms a deep pond, by 
measuring two Hues n o and too; and the angle n o to. From these data we may calculate bib; or 
by drawing the two sides, and the angle on paper, by a scale, we can afterward measure » m oa 
the drawing. 



Case 4. Having the three Hides, 

to find the three angles; upon one side stsaa base, draw (or suppose to be drawn) i perp ea fans 
the opposite angle c. Find the diff hetweeu the other two sides, a c and c b : also their sum. Then, as 

The hase • ^Uin of tbe • • of otber • ° r 1,16 two 

jne o se , other two Ml( i ea . . two . parts ag and bg, of the base. 

Add half this dlfT of the parts, to half the base a 6; the sum will be the longest part ag; which 
taken from the whole base, gives the shortest part g b. By this meanB we gel in each ofahe small tri¬ 
angles a c g and egb, two sides, (namely, a C and a g\ and c. b and g b;) and an angie (namely, the 
right augle c u a, or c g b) opposite to one of the given sides. Therefore, use Case 2 for finding the 
ingles a and b. When that Is done, take their sum from 180°. for the augle a c 6. 

Or, fid ntode i call half the sum 6t the three sides, st and oall the 
two sides which form either augle. m and n . Then the nat sine of 
* — TO) X (s —») 



half that angle will be equal 


a 


to X« 


Fig. 2. 


Ex. 1. To find the dlst from a to an Inac¬ 
cessible object c. 

Measure a line a); and from Its ends measure the angles cab and 
c b a Thus having found one side and two angles of the triangle a be, 
calculate a c by means or Case 1. Or if extreme accuracy is not read, 
draw the Hue a b on paper to any convenient scale; then by means or a 
protractor lay off the angles c a b, c b a; and draw a c and c 6; then 
measure a c by the tame scale. 

Ex. 2. To find the height of a vertical 
object, n a. 

Place the instrument for measuring angles, at any eonve. 
nient spot o; also mean the dlst o a; or IT o a cannot be actually 
measd In consequence or some obstacle, calculate It by the 
same process as a c In Fig 1. Then, first directing the Instru¬ 
ment horizontally,# as o *. measure the angle of depression, 
» oa, lay 12°; also the angle eon, say 80°. These two angles 
added together, give the angle ao n, 42°. Now. In the small 
triangle o « a we have the angle ot a equal to 90°, because a* 
is vort, and o e hor; and since the three angles of any triangle 
are equal to 180°, if we subtract the angles oia (90°), and sea 
(12°) from 180°, the rem (78°) will be the angle osiortss. 
Therefore, In the triangle on a, we have one side o a; and twe 
angles a o n, and o a «, to aaloulnte the side a n by Case L 


* Angles and dials on sloping ground must be measnred hor¬ 
izontally. The graduated hot 



circle of the Instrument evidently n._ 

ures the angle between two objects hori 
contally, no matter how muoh higher one 
of them may be than the other; oni per¬ 
haps requiring the telesoope of the instru¬ 
ment to be directed upward toward Itj 
and the other downward. If, therefore, 
the sides of triangles lying upon sloping 
pound, are not also measd hor, thera oaa 
be no aooordanoe between the two. Than 
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*. T.! 8 .. 8,11 h . oaI(1 1x3 “ eoe98ar y t« “certain the vert height an from a imint o, entirely 
!*,“!? ^ h 18 ang e lT a3 ' i at namcl y. « 0 and * O a, will bo angles of depression,« 

below the hor line o • assumed to measure them from. In this nase we have the aide o a as before 

the auglenoo = *oa —aoii; and the angle o a n = 18<P- (o »a W> t , and s o a;) to calculate 
in bv Case. 1. ' 




Orif, aa In Fig4, the observations are lo be taken from a point o, entirely below the object an, the a 
poth tho angles u o a, ion, will be angles of elevation, or abore the assumed hor line os. Here w* 
have In the triangle on a, the given side o a as 
before: the a—■'--- * ■’ 


angle owa~lH0°~- ^o«n<90°).and no t, j to 
oaloulate o« by Case 1 

If the object aw, as in Fig 5, Instead of being 
wert. is inclined. and instead or its vert height 
we wish to tipd us length a n. we must first as 
certain its angle y t»of inclination to the hun 
eon , to which ancle each of the angles oen will 
be equal. To find tins angle yti, suspend a plumb 
line « y, of any convenient known length, from the 
object a ». aud measure also y t horizontally 
Then say as 

V t : 4 f : : 1 : nat tang or angle yti. 

From the table of nat taugs take out the augle 
y t i found opposite thin nat tang, and use it for 
the angles ot nor ota; iustetul of theWPof Figs 
8 and 4. Also when tho object inclines, the side 
a o of the triangle must be measd in Hue, or in 
range with the inclination. If tho object, aa the 
rock a n, Fig 6, Is curved or inegular, a pole a » 
may be planted sloping in the direction a «; and 



In the triangle ahc. upon sloping ground, the instrument ato measures the hor angle to n, and nst 
the angle 6 a c. Therefore, the side which corresponds with this hor an? 'ion. is the hor dist 4 n • 
•nd not the sloping dist 6 c. In other words, when sides and angles are on sloping ground, we dc 
not seek their actual measures; but their hor ones. ThlH rernai k applies to all surveying for farms 
railroads, triangulations of countries, Ac, Ac; and the want of a strict attention to it Is one cause 
0# the email errors, almost unavoidable, (and fortunately, or but trifling oonsequenoe’in practice), 
wbioh occur in all ordinary Held operations. 

When a sextant ts used, angles between objects at diff altitudes as » an^ 

?■ may be measd hor, by first planting two vert rods ' 

• and s, iu rauge with the objects; aud then taking 
the hor angle o n s, subtended by the rods. 

Angies may be measd without 
any Inst, thus: Measure 100 ft toward 
each object, and drive stakes; measure the dist arrnns 
from one stake to the other. Half this dist will be 
the sine of halfihe angle to a rad of 100' anrtit wemme 
the decimal pdint two places to the left, we get the nut 
sine of this one half of the angle to a rod of t. as In the 
table*. Thus, snppose the diet to ho H0.B4 fept. then 
40.82 Is the sine of half the angle; and .4082 will he 
the nat sine, opposite to which In the table of uat 
sine* we And the angle 28° 47'; which muit by 2 gives 

84’, the rwqd angle. If obstacles prevent measuring toward the objeow, we may measure directly 
from them ; because, when two lines Intersect, ihe opposite angles are equal. A rough measurement 
mav he made by sticking three pin* vert, and a few ins apart, into a small piece of board, nailed hor 
to the top of a post. The pins would ocoupy the positions not, of the last figure. Pencil-lines may 
then be drawn, connecting the pin-holes; and the angle be measd with a protractor. By nailing it 
piece of heard vert to a tree, and then drawing upon it a short hor line, by means of a pocket car- 

E nters’ spirit-level, vert angles of elevation and depression may be taken roughly in the same way 
thisi way the writer has at times availed hlmseir ef the outer door of a house, by opening it until it 
painted toward some mountain-peak, the dist of whloh he knew approximately; but of the height of 
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lta angle yti of inclination with the horizon found aa befortf 
la winch case the (list a n is calculated Or if the vest height cm 
is sought, the point c may first be found b> sighting upward 
along a plumb-line held above the head. 

Ex. 3. To liml the approximate height, 
s x, of m inoiintuin. 

Of which, |*rhaps, only the very summit, x. la visible above 
interposing forests, or other obstacles, bat the diet, mi, of a Inch 
is known. In thin ause, iirot direct the instrument hor, as m A; 

uml then measure the angle « to x. 
Then in the triangle imiwe have 
one sale ini. the measd angle i mx, 
and the angle mix (90°). to Hud if 
by (luxe 1. Ilut to this t x we must 
add t o, enual to the height ym of the 
instiumeut above the ground, and 
also o t. Now, o * is apparently due 
eutireh to the curvature ol the earth, 
which isei|ual uj very nearly 8 Ins, or 
AM ft in one mile. ami increases as 
the squares of the dists, being 4 
times 8 Ins m 'l miles, 9 times 8 Ins 
IQ 8 miles, &e. But this Is somewhat diminished by the refraction or the atmosphere; which varies 
with temperature, moisture, &c, but always leads to make the otqect x appear higher than It 
actually is. At au average, this deceptive elevation amounts to about yth part of the curvature of 
the earth; and like the latter, it varies with the squares or the dists. Consequently if wo subtract — 
part from H ms, or 667 ft, we have at once the combined effect of curvature and refraction for one 
mile, equal to 6 857 ius, or 5714 ft, and for other dists, as shown in the following table, by the us« 
of which wc avoid the necessity of making separate allowances for curvature aud refraction. 
Table of allowance* to be added for curvature of the earth; 
and f *r refraction; combined. 


Fig. 7. 


Dist. 
in yards. 

l 

Allow. i 
feet i 

Dist. 
in miles. 

Allow. 

feet 

IMst. 
in miles. 

Allow. 

feet. 

Dist. 
in miles 

Allow. 

feet. 

100 

.002 | 

’4 

.036 

6 

20.6 

20 

229 

150 

.004 : 

k 

.143 

7 

28.0 

22 

277 

200 

.007 : 

& 

.321 

8 

36.6 

25 

367 

300 

.017 : 

i 

.572 

9 

46.3 

30 

614 

400 

.030 

i!4 

.893 

10 

57.2 

35 

700 

500 

.046 

:g 

1.29 

11 

69.2 

40 

916 

000 

.066 : 

1.75 

12 

82.3 

45 

1168 

700 

.090 i 

2 

2.29 

13 

96 6 

50 

1429 

800 

.118 

04 

3.67 

14 

112 

55 

1729 

900 

.149 

3 

514 

15 

129 

60 

2058 

1000 

.185 

Z\4 

7.00 

16 

746 

70 

2801 

1200 

.266 . 

4 

9.15 

17 

165 

80 

3659 

1500 

.415 | 

43 4 

11.6 

18 

185 

; 90 

4631 

2000 

.738 

5 

14.3 

19 

206 

! 100 

5717 


Hence, If a i>erBon whose eye is 5 14 ft, or 112 ft above the sch. sees an object just at the sea’a 
horizon, that object will be about 3 miles, or 14 miles distant ti.-m Mm. 

A horizontal line is not a level one. lor a straight line cannot be a 
level one. The curve of the earth, as exemplified In au expanse of quiet water, is level. In Fig 1, 
f we suppose the curved line t y s g to represent the surfaoe of the sea, then the points tys and g are 
iu a level with each other. They need not be equidistant from the center of the earth, for the sea at 
he poles is about 13 miles nearer it than at the equator; yet its surface is everywhere on a level. 

lip, and down, refer to sea level. Level means parallel to the curvature 
jf the sea; ami horizontal means tangential to a level. 


Ex. 4. If the inaccessible vert height c d, Fig; I, 

t* so situated that we cannot reach if at all, then place the instrument for measuring angles, at any 
:onveuieut spot n; and In range between n aud d, plant two stuffs, whose tops o and i shall range 
precisely with n, though they need not be on the same level or hor line with it. Measure no: also 
'rom n measure the angles o n d and one. Then move the Instrument tq the preolse spot previously 


which he had no idea. For allowance for curvature and refraction see above Table. 
A triauurle whose sides »re an 3, 4, aud 5, is right angled; and one 
whose Bides are as 7, 7; nnd 9 9; oontalns 1 right angle; and 2 angles of 46°eaeh. As it Is fre¬ 
quently necessary to lay down augles or 46° and 90° on the ground, these proportions may be used for 
the purpose, by shaping a porHou of a tape-line or chain into such a triangle, and driving a stake at 
rach angle. 
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•oonpied by the top o of the staff; end from o measure the angles tod and doe. This being done, sub 
- tract the angle foe from «. 

/, c 180°; the rem will be the * 

angle con Consequent- »5* ‘?;j§ 

i ly In the triangle no c, we 

/ , have one side n o, and two __ -7\ ® 

/' CL angles, c n o and con, to qV —/ \ 

t S f And by Case 1 the side oc »i- , yl **4*j i. 

/' / .-'/''jfF Again, take the angle tod -"-v-Vr ^ 

from 1W; the remainder '» \ / 

/ ^,-v M will be the angle n o d, so \ y/ _ J 

s’" ,.'n >*'*.- iJsT that in the triangle dno : A . 

we have one side « o, and ^ 

the tso angles dno and 

jC • Mod, to And by Case l VL -1--hi 

Jw?'' v the side od. Finally, to 11 ItX 

the triangle c o d, we have 
_ two sides c o and o d, and 

11$?. 8. their included Bugle cod, Fiff. 0. 

to And c d, the reqd vert 
height. 

But. If ed were in a valley, or on a hill, and the observations reqd to be made from either higher 
•r lower ground, the operation would be precisely the same. 

JEx. 5. See Ex 10. 

To 11ml the dist ao, Fig 9, between two entirely Inaccessible 
objects, 

Measure asiuenm; alnmeasuretheanglesranmandonm: also atm measure the angles om», and 
own. This being done, we haveiu the trlaugle anm, oue sldo n m, Fig 9,and tho auglos onm, and 
nt»o; heuce, by Case 1, we can calculate the side an. - 

Again, in the triangle o m n we have one side n m, and /'r* 

the two augies omn, and mno; heuce, by Case 1, we can Ji 

oaloulate the side»o. This beiug done, we have in the fi ■ ** 

triangle a no, two sides an, and no; and their Included | !| C 1 

angle a n o ; heuoe, by Caso 3, we can calculate the side l|r „ 

AO, which is the reqd dist. It is plain that in this manner ||1_—-— 

we may obtain also the position or direotion of the inacces- * 

•ible line ao; for we can calculate the angle n ao ; and can 11 * 

thererrom deduce that of ao; and thus be enabled to run 
a line parallel to it, if required. Ry drawing n m on pa- r-ln- if) 

per by a scale, and laying down the four measd angles, 1 "* 

the dist a o may be measd upon the drawiug by the same scale. 

If the position of the inaccessible dist c n. Fig 10, he such that 
we can place a Btahe p in line with it,we may proceed thus Place £>jpAi 

the instrument at snv suitable point s, and take the angles p * c ^ j-A 

and csn. Also find the angle eps, and measure the diet p* Then 0. + - j f J i 

in the triangle p s c And s c by Case 1; again, the exterior angle \ „ pi ■ ( jf /" 

net, being equal to the two interior and opposite angles ept, \ d* . J I J 

and p s c, we havo in the triangle csn, oue side and two angles \ ’' t J|f/ 

to And c n by Case 1. \ v7 

Ex. 6. To find a dist aft, Fijf 11. of which \ / 

the ends only are accessible. \ f 

From a and 6, measure any two lines a e, 6 c. meeting at c ; also v 

measure the angle acb. Then in the triangle a b c we have two C 

■ides, and the included angle, to nnd the third side a 6 by Case 3. 

Ex. 7. To find the vert height o m, of a Fig. 11. 

hill, above a given point i. 


„ CiS'Sl 
\ \ e 


Plaoe the instrument at i ; measure a n. Directing 
the instrument bor, ns on, take the angle nam. Then, 
slnoe a n ns is 90° Fig 12, we have one side a m. and 
two angles, now and onfn.toflnd ntn by Case 1. 

Add no, equal to of, the height or the instrument. 

Also, if the hill is a long one, add for curvature of the 
earth, and for refraction, as explained In Example 3, 

Fig 7. Or the instrument may be plaoed at the top of 
the hill; and ao angle of depression measured; instead 
of the angle of elevation nan. 

Rim. I. It is plain, that if the height om he previously 
known, and we wish to ascertain the dist from its sum- JO 

mlt m to any point f, the same measurement a* before, *' 

of the angle nam. will enable ns to oalculate am by 

Case 1. So In Ex. 2. if the height n a be known, the angles measd In that example, will enable ut> 
to compute the dist a o; so also in Figs 8, 4, 6, and 7; in all of which the process 1b so plaiu as to 
require no further explanation. 

Km. 2. The height of a vert object by means of Its Shadow. Plant one end of 
a straight stick vert in the ground; and measure ts shadow; alio measure the length of the shadow 
at the object. Then, as the length of the shadow of the stick is to the length of the stlok a bo vs 
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ground, io li the length of the ahadow of the ottfect, to ita height. If the ohieet la Inclined, the stick 
uuit be equally inclined. 

Rem. 3. Or the height of a vert object m«, 

Fig. 12* . Fig 12}^, whose distance r m is known, may t»e found by 
*• Its reflection in a vessel of water, or in a piece of 

looking glass placed perfectly horizontal at r; for as r O is to the height 

' Fig. 12X 


m 


^ - looking glass placed perfectly horizontal at r; for 
, Vs' I a i or the eye abore the reflector r, so ia r m to ~ 
- '(m the height m n of the object above r, ,v \ 


Rem. 4. Or let 
n planted pole, or a rod held vert by an assi 

aland at a proper diat back from it, and keepiug the eye* steady, 
cn«<le at o and c. where the lines of light i n and < m atrllh ,h “ r 
tela to c e. ao is i m to m ». 


KSer. 

:ASt 12 ’4i^ 'o 

iteady, let marks be 1 Jf. 
the rod. Then aa 



Fig. 13. 


The following examples may be regarded as substitute* for strict trigonome¬ 
try • and will at times be useful, in case a Uble of slues, &c, Is not ft haud for 
making trigonometrical calculation*. 


Ex. 8. To And the dist ah, of which one end only 
is accessible. 

Drive a stake at any convenient point a , from a lay off any angle b a c. In 
the line a c, at an v convenient point c, dm e a slake. and from c lay off an angle 
acd, equal to the angle bar.. In the line cd, at any coni euleut point, a ad, 
drive a stake. Then, standing fit d, and looking at b. place a stake o in range 
with d b, and at the same time in the line «c. Measure no, oc, ended; then, 
from the principle of similar triangles, ns 

o e i c d s: a o : a b. 



y 

Fig. 14. 


Or thns: 


Fig 14, n A being the dist, place a stake at n; and lay off the angle *nm 90°. 
At any convenient dist n m, place, a stak- m Make the angle hmy — 90°; and 
place a stake at y, In range with An. Measure ny and nm; then, from tne 
principle of similar triangles, as 

n y n m i \ n m •. n h. 


Or thus. Fig 14. Lay off the angle hnm = 90°, placing a stake 

m, at any convenient dist n m. Measure n m. Also measure the angle n m A. 
Find nat taug or n m h by Table Mult this uat tang by u m. The prod 

will ben*. _ _ ., 

Or thus. Lay off angle A n m = 90°. From m measure the 
angle n m A, and lay off angle nmy equal to it, plaoing a atake at y in range 
with An. Thenisnv = «A. 



Or thus, without measuring 
any angle; 

t V being the dist. Make u o of any convenient 
length, in range with t «. Measure any c o; and 
o i equal to .t, in range Measure u o; and Oil 
equal to it in range. Place a stake * In range with 
both * y. and t o. Then will y z be both equal tfl 
t m, and parallel to It. 



Fig. 16. 


Or till!., without measuring uny angle. 

Drive T «*- < ‘■St™!': -Syf.-SV- 

: t. 1 hen, as 


tv V. v X : i x t i t 8. 

Or thus. At a lay off angle o oe - 5 ° 43 ’. Lay 
F off at richt anelea to ao. Measure oc. Then 
o — 10 or too long oniy 1 part in 935 . 6 , or 5.643 feet 
\ orS too™ fall U taeliea) in 100 feel. 



IZ.%. 
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Ex. 9. To And the dist a ft, of which the 
ends only are accessible. 

From nlay off the angle 6ac; and from h, the angle abd each 
90°. Make a c and 6 d equal to each other. Then, c d— a h Or 
a h mai be considered hr the dist across the river in Figs li, 13, or 
14; and be ascertained in the sumo wav. Or measure any diet, Fig 
17, no, and make on in line and equal to it. Also measure bo; 
and make om In line and equal to it. Then will m n be both paral. 
lei to o b, and equal to it. 


!x. 10. Sbo Ex. 4. To And the entirely 
inaccessible dint y z, and also 
its direction. 

At any two convenient points a and 6. from each of which 
and * can be seen, drive stakes. Then we have the four 
irners of a four sided figure, in which are given the directions 
' three of its sides, aud of its two diags. These data enable ua 
i lay out on the ground, the small four-sided fig a c o i, exactly 
milar to the large one. Thus, in the line a b place a stake 
: and make co parallel to 6 a:; o being at the same time in 
inge of the dlag a z. Also, from c make c i parallel to by; 
being at the same time iD range of o y Then will t o be in 
ie same dirootion as y z, or parallel to it. Measure #e, a fc, 
id to; then evidently, from the principle of similar figures, as 
a c : a b : : i o : y z. 

It y z were a \isiblc line such as a fence or road, we could 
tmi a divide it into auy requited portions Thus, if we wish 
i plaoe a stake halfway between y and z, first place one half- 
ay between i and o, thru standing at a, by means of slgnnls. 
.ace a person in rouge on y z Or, to find along a 6, a point t 
srp to y s at y, first make o»* = 90 r ‘, and measure a i. Then, 



o l: a s :: y z i a t. 


Ex. 11. To And the position of a point, n, Fig: 19, 


y means of two angles snh and b n e, taken from n to the thiee objects a b e, whose por.it non 
and diets apart are known 


The use of this prohlcm is more frequent in marine thau in land surveying. It ib chiefly employed 
>r determining the position n of a 
cat from which soundiugs are being 
iken along n coast As the boat 
loves from point to point to take 
«sh soundings, it becomes necessary 
i make a fresh observation at each 
olnt, in order to define its position 
a the chart. An observation consists 
i the measurement by a sextant of 
ie two angles anb, lin c, to the sig- 
als a be. previously arranged on the 
bore. When practicable, this method 
iouM be rejected; and the observa- 
ons taken to the bom at the same 
istant, by two observers on shore, at 
ro of the stations. The boat to show 
signal at the proper moment. The 
ost expeditious mode of fixing the 
lint n upon the map, is to draw three 
nes, forming the two angles, and ex¬ 
uded indefinitely, on a piece of trans- 
ireut paper. Place the paper upon the map, and mo’ e it about until the throe lines paHs through 
ie three stations, then prick through the (mint n wherever if happens to come. 

Instead of the transparent paper, an instrument called a station pointer may be used when there 
•e many points to be fixed. 

But the position of the point n can he found more correctly by describing two circles, as In Fig 19, 
ich of which shall pass through n and two of the station points The question is to find the centers 
and x of two such circles This is very simple. We know that the auglc a o h at the center of a circle is 
rice as great as any angle anb at the circtirof of the same circle, when both are subtended by the 
ime chord a b. Consequently, if the angle anb, observed from the boat is say, 60°, the auglc aob 
iust be 100°. And, since the three angles of every plane triangle ure equal to I hi)' 1 , the two angles 
a h and o ft a are together equal to 1H0° — 100° — 80°. And. since the two sides a o and b o are 
jnal (being radii of the same oirclel, therefore, the angles oafe and oba arc equal, aud each equal to 

— ~ 40°. Consequently, on the map we have only to lay down at a and h, two angles of 40°; the 
tint o of Intersection will be the center of the circle a bn. Proceod in the same way with the angle 
n c, to find the center *. Then the intersection of the two oiroles at n will be the point sought. 
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PARAI.LEI.OCtBAMB. 


S<m»re. Rwliaglr. Rhombus. Rhomboid. 



A PARALLELOGRAM irt RTiy flgUTO Of four Straight SiileH. (bo OOptftitO OtOA of which 
are parallel. There are hut four, tin in the above figs. The vhombus, like the rhom- 
bohedron, Fig 3, p 19,5, ie sometimes called “rhomb.” In the square and rhombue 
all the four sideB are equal; in the rectangle and ihomboid only the opposite ouee 
are equal. In any parallelogram the four angles amount to four right angles, oi 
300°; and any two diagonally opposite angles are equal*to each other; hence, having 
"lie angle given, the other three can readily he found. In a square, or a rhombus, a 
iliag divides each oi two angles into two equal parts; but in the two other parallel¬ 
ograms it does not. 


To find the area oi' any parallelogram. 

Multiply any side, as S, bv the perp height, ordist p to the opposite side. Or. multiply togeth* 
two sides and nat sme of their mcluded angle. 

The dlag a t of any square la equal to oue side mult by 1 4H.>1 , and a side is equal V 
diagonal 

Mm!’ ’ or * 10 dlag IU,llt by * 07107, 

The side of a square equal In area to a given circle. Is equal to diam X .856227. 

The side of she greatest square, 'Aar can be intent,td in 

a oio«7i txrcle, is equal to diam X .707107 

The side or a square mult by 1.51967 gives the side of an equi¬ 
lateral triangle of the same aiea All parallelograms -is A 
and 0, which have equal bases, a c, and equal perp heights n 
c, have also equal ureas, uud the urea of each is twice that of a tri¬ 
angle having the same lime. and perp height. The area of a 
square Inscribed In u circle is equal t» twice the squaie ol the 
ml 

In every parallelogram, tbc i squares drawn on its sides have a united area equal to that o 
the two squares drawn on its 2 dings. If a larger square he drawn on the diag a h of a smalle 
square its area will be twice that of said smaller squure. Either dlag of any pnrallelogran 
dlvid*-s It iuto two equal triangles, and the 2 diags div It into 4 triangles of eoual areas. The tw 
dlagsofany parallelogram divide each other into two equal parts. Any line drawn throug] 
the center of a dlag divides the parallelogram into two equal parts 

Remark 1.—The area of any fig whatever as B that Is enclosed by four stralgh 
lines, may be found thus . Mult together the two diags a m,n b; and the uat sine of the least augl 
a ob; or n om, formed by their intersection. Dlv the product by 2. This is useful in land surveyini 
when obstacles, as is often the oase, make it difficult to measure the sides of the tig or field; while : 
may be easy to measure the diags ; and after finding their j>oint of intersection o, to measure the n 
quired angle Bnt If the fig Is to be drawn, the parts o a, ob, on, o m of the diags must alb 
oe mcRFtd. 

Rem. 8.—sides of a parallelogram, triangle, and many other figs may b 
found, when only the area and angles are given, thus : Assume some particular oue of u 
sides to lie ot the ieuglh 1 ; and calculate what Us area Would be if that were the oase. Then as th 
**q rt of the area thus found is to this side 1, so is the sq rt of the actual given area, to the oorn 
spending actual side ot the fig. 




On » Riven line draw a square 

ir x it tti. 

From if and x. with rad m> x. describo the arcs zry and wn 
From their intersection r, and with rad equal to h of tvx, describ 
in. From ic aud x draw w n and in tangential to • « e, an 
ending at the other aros; join n ra. 
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TRAPEZOIDS AND TRAPEZIUMS. 


TRAPEZOIDS. 



a 8 c a * e a « c 


A trapezoid a en«, is any figure with four itralght sides, only two of wbloh, u oe and n A, art 
parallel. 

To And the area of any trapezoid. 

Add together the two parallel sides, a e and m n; mult the sura by the perp diet* t bef fen 
them; div the prod by 2. See the following rule* for trapeziums, which are all equally appl 'tie 
to trapezoids; also see Remarks after Parallelograms. 

TRAPEZIUMS. 



A trapezium a 6 c o, is any fig with four straight aides, of which no two are parallel. 

To find the area of any trapezium, having given the diag 
bo, or a c, between either pair of opposite angles; and also 
the two perps, n,n, from the other two angles. 

Add together these two perps; mult the sura by the diag; dlv the prod by 2. 

Having the fonr sides; and either pair of opposite angles, 

as abc, aoc; or bao, and boo. 

Consider the trapezium as divided into two triangles, In each of which are given two sides and the 
Inolnded angle. Find the area of each of these triangles as directed under the preceding head “ Tri¬ 
angles," and add them together. 

Having the fonr angles, and either pair of opposite sides. 

Begin with one of the sides, and the two angles at its ends. If the sum of these two angles exceeds 
ISO 0 , subtraot each of them from 1(0°. and make use of the reins instead of the angles themselves. 
Then consider this side and its two adjaoent angles (or the two reins, as the case may be) as those 
of a triangle; and And its area as direoted for that oast under the preceding head " Triangle." Dt 
the same with the other given side, and its two adjacent angles, (or their rems, as the oase may be.] 
Subtraot the least of the areas thus found, from the greatest, the rem will be the reqd area. 

Having three sides; and the two included angle*. 

Mult together the middle side, and oue of the adjaceut sides, mull the prod by the nat sine of their 
included angle; call the result a. Do the Bame with the middle side and its other adjacent side, 
and the nat Bine of the other iuoluded auglc, oall the result b. Add the two angles together; find 
the dlff between their sum and 180°, whether greater or less, tlud the nat slue of this dill'; mult 
together the two given sides which are opposite one another, mult tho prod by the nat sine jnst foand; 
call the mult e. Add together the results o and b ; then, if the sum of the two given angles is less 
than 180°, subtract r, from the sum of a and 6; half the rem will bo the area of the trapezium. But 
if the sum of the two given angles be greater than 180°, add together the three results a, l, and c; 
haIf their snm wilt be the area. 

Having the two diagonal*, and either angle formed by their 
intersection. 

See Remarks after Parallelograms. 


In railroad measurements 

Of excavation and embankment, the trapezium 
Itnno frequently ooours; as well as the two 6-sided 
figures Imnot and Imnti; in all of which mn 
represents the roadway ;ri,rc, and r t the center- 
depths or height*; l u and o u the side-depths or 
heights, as jiven bv the level; In and no the side- 
slopes. 

The same general rule for area applies to all three 
of these figs; namely, mult the extreme hor width 
lie by AaZ/the center depth ri, rc.or rl, as the 
oase may be. Also mult one fourth of the width of 
roadway m n, by the sum of the two side-depths l u 
and o v. Add the two prods together; the sum is the 
reqd area. This rule applies whether the two side- 
slopes m 1 and n o have the same angle or inclination or not. Ill railroad work, ete^ the mid 
way hor width, center depth, and side depths of a prlsmoid are respectively — Tbs half stuns si 
the corresponding end ones, and thus can be found without actual measurement. 
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To draw a hexagon, each Hide of which shall 
be equal to a given line, a b. 

Prom a nod 6, with rad a b, describe the two arcs; from their intersection, 
I, with the same rad, describe a circle; around the circumr or which, step off 
the same rad. 

Side of a hexagon = nn X .57735. 



To draw an octagon, with each aide 
equal to a given line, c e. 

Prom cand e draw two perps, cp, ep. Also prolong ce toward 
/ and g ; and from c and c, with rad equal c e, draw tho two 
quadrants; and find their centers h A; join c h, and eh; draw 
As and A (parallel to cp; and make each of them equal to ce; 
make c o, ande o, each equal to hh; join o o, o t, aud o (. 

Side of an octagon = n«X .41421354. 


P P 


0 

n 
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/ 
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t 




h 
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A 


c n e 


To draw an octagon in a given square. 

From each corner of the square, and with a rad equal to half its diag, 
describe the four arcs; and join the points at which they cut the aides of the 
Square. 

To draw any regular polygon, with each side 
equal to m n. 

Dlv 3fl0 degrees by the number of sides; take the quot from 1R0°; div the 
fern by 2. This will giro the angle cm n. ore um. At m and n lay down these 
angles by a protractor: the sides of these auglcs will meet at a point, c, from 
which describe the circle nny; and around its circumr step off dists equal to 
m n. 

In any circle, m n y, to draw any regular 
polygon. 

DiyS60°by the number of sides; thequot will bethe angle men. at the renter. 

Layoff this angle by a protractor; and its chord m-n will be oue side; which 
step Off around the circunsf. 

To reduce any polygon, as abed efa, to a triangle of tho 
same area. 




If we produce the side fa toward w; afld draw 6 g parallel toac, and join g c, we get equal trf 
mi ales a eh, and a eg. both on the same base a c; and both of the same perp height, inasmuch aa 
they are between the two parallels u c and g b. But the part a c i forms a poi lion of both these trU 
angles, or in other words, U common to both . Therefore, if It be taken away from both triangles, 
the remaining parts, i c 6 of one of thorn, aud i g a of the other, are also equal. Therefore, if the 

E ai t i cb be left offTrom the polygon, and the part i g a be taken into it, the polygon a/ti e ig will 
ave the same area aa aft d e b a ; but it will have but five sides, while the other has six. Again, 
If s s be drawn parallel to df. and d t joined, we have upon the same base e », aud between the same 
parallels t < uud df, the two equal triangles ud, and e */. with the pwt e o « common to both; and 
consequently the remaining part e o d of oue. and o »/ or the other, are equal. Therefore, if o 1 / be 
left off rroia the polygon, aud sod be taken tnto it, the new polygon gid eg, Fig 2, will have the same 
area ut g fed eg; hut it has but four sides, while the other has five. Finally, ir g $, Fig 2, he 
extended toward n; and d n drawn parallel to c s; and c n joined, we have on the same base c », and 
between the same parallels c s and d n, the two equal triangles c s n, and (id, with the part c s I 
common to both. Therefore, If we leave out c d t, and take lu.s t n, we have the triangle gne equal 
to the polygon g • d eg. Fig 7; or to a fed e b a. Fig 1. 

This simple method is applicable to polygons of uuy number of aids*. 










160 


POLYGONS. 



fo reduce a large fig, abode fg, to a smaller 
similar one. 

crom any interior point o, winch had better be near the oeutcr, draw lines 
to all the angles u. b, c, &c. Join these lines by others puiailrl to the sides 
of the fig. If it should tie reqd to enlarge a small fig, draw, from any point 
o within It, hues extending beyond its angles; and join these lines by others 
parallel to the sides of the small llg. 


To reduce a map to one on a smaller scale. 

The best method is by dividing the large map into squares by faint lines, with a very soft leaiV 
pencil, aud then drawing the reduced map upon a sheet of 
smaller squares A pair of proportional dividers will assist » 

much In fixing point* intermediate «f the sides of the squares \ a' \\\ h 

If the large map would lie injured hv drawing and rubbing \ & mi -- 

out the squares, threads may be stretched across it to form the 
squares. 


In a rectangular fig. gh s d, 

Representing an open panel, to flntf the points o o o o in Its 
sides; and at equal dists from the angles g. and *; for inserting 
a diag piece 0000,0 fa given width 11, measured at right 
angles to its length. From g and * as centers, describe several 
Couccntric ares, as in the Fig. Draw upon transparent paper, 
two parallel lines sa.i-r.nta di-tance apart equal to 11. and 
placing these, lines on top of the panel. move them about until it 
is shown hv the ares that the four dists g 0. </ 0, s o, s 0 are 
equal. Instead of the transparent paper, a strip of common 
paper, of the width I I nun Vie n«ed 
Bkm. Many problems which would otherwise bp very difficult, 
may be thus solved with an accuracy sufficient for practical 
purposes, by means of Irn impnrco i paper. 




To find the area ol any irregular poly* 
gon. a n b c w. 

Div it into triangles, as u n h, a m c, and a b c, in each o 
winch ttnd the perp dial o, between Its base u b, a c, or b c; anf 
the opposite augic n, m, or a, mult each base by its perp dish 
add all the prods togetbei , div by 2. 

To liml approx the area of a long ir¬ 
regular fig, aa <1 bed. Between its ends o 4. e« 



space off equal dists, (the shorter they are the more accurate will be the result,) through which 
draw the intermediate parallel lines 1, 2, 3, Ac, across the breadth of the tig Measure the lengths 
of these intermediate lines; add them together, to the sum add half the sum of the two end breadth! 
a b aud c d. Mult the entire sum by one of the equal spaces between the parallel llncJt. The prod 
will be the area This rule answer* as well if either one or both the ends terminate in points, aa at m 
and n. In the )a*t of these cases, both a b aud c d will be insluded In tne intermediate lines, and 
half the two end breadths will be 0, or nothing. 

To find the area of any irregular figure. 


upon it a 
20, or 100 
squares. 


Draw around it lines wbioh shall cuclose within them (as nearly as 
can be judged by the eye) as much sp»oe not belonging to the figure as 
they exclude space belonging to it The area of the simplified figure 
thus formed, being in this manner rendered equal to that of the com¬ 
plicated one, may be calculated by dividing it into trlaugles, Ac By 
using a piece of fine thread, the proper position for the new boundary 
lines may be fouud, before drawing them in. 

Areas of irregular'figures may be found from a drawing, by laying 
pieoe of transparent paper carefully ruled into small squares, each or agiveu area, say 18 
sq. ft. each ; and by first couutiug the whole squares, aud then adding the fractions of 


O 
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CIRCLES, 

A circle is the area included within a curved line, called the circum¬ 
ference, every point of which is equidistant, from a fixed point, within the 
circle, called its center. Any straight line, passing entirely across the 
circle through its center, is called a diameter of the circle. Any straight 
line, extending from the center to the circumference, is called a radiu*. 

The ratio of the circumference to the diameter, or of the 
semi-circumference to the radius, = circumf diam, is called ir (pi). 

* - 4 (1 — 1/3 + 1/3 — 1/7 + 1/9 — etc.). 

ir is incommensurable; i. e., it cannot be exactly stated arithmetically. 
It has been determined to several hundred places of decimals. 


Approximate value* of n; n =- j 


3.141 592 653 6 I — 307,738,000,000 
3.141 592 65 ■ . . + 875,085.000 

3.141 593 1 . -9.069.000 

3.141 6 . - 427,637 


x 

355 -i- 113 
377 + 120 
360 114.6 

22 - 7 


t- x/a : 


— 11,776,700 
. —42,447 
. + 13,576 
— 2,485 


Function* of w. 

Logarithm. 


ir - 3.14159265 0.497 1499 
n/2 1.57079632 0.196 1199 

ir/3 - 1.04719755 0.020 0286 
*4 2 - 4 442883 0.647 6649 

w /l 2 = 2 221442 0.3466349 

1/w ~ 0 318310 1.502 8501 


Logarithm. 
2 In - 0.636620 1.803 8801 

3/rr = 0.954930 1.979 9714 

rr 2 - 9.869604 0.994 2997 

fr» = 31.00628 1 491 4496 

Vir = 1.772454 0.248 5749 

'll'*' -« 0.504190 1.751 4251 


For innltiplc* of jt, see “Circumf,” in tables, pp. 163 to 178. 

Rad in*, ft; Diameter, J>: Circumference, C: Area, A. 
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RELATIONS OF CIRC LE TO OTHER FI4AFRES. 

t'ireiim*crihed polygon, regular or irregular. 

Area of circle _ circumference of circle 
Area of polygon circumference of polygon’ 



Equilateral triangle of equal area. D = diam of circle. 
Side u f triangle = 5|',+ l'j- 1.34677 D. 


Square of equal area. 

Side of square =» 0.88623 X diam of circle. 
Diam of circle =» 1.12838 X side of square. 
luNcribcd *quare. I) = diam of circle. 

Side of square *= D Y % = 0.7071 D. 
Area of square « 2 X radius* of circle. 
Radius of circle = % X diagonal of square 

=* X side of square = 0.7071 X side. 


C*irciim*cribcd *quarc. 

A — area of square ; 


area of circle, 
ir 




A 


.2732 o; 


4 


A - 0.7854 A. 
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CIRCLES. 



PROBLEMS IS CIRCLES. 

To And the diameter, d g, and the center, e, 
of a given circle. 

Draw any chord a b ; and from its middle, o, draw, at 
right angles to it, a diam d g ; find the center c of this 
diam. Or s?e below. 


To describe a circle through any three» ( 
points, a b d, not in a straight line; 
through the three angles of a triangle. 

Join the points by the lines ab,bd. From b, with 
any convenient rad, draw the arc m n ; and from a and a, 
d, with the same rad, draw arcs u and z ; then two lines, 
c «, c t, drawn through the intersections of these arcs, 
will bisect a b and b d perpendicularly, and will meet at 
the center, c, of the circle. 




To inscribe a circle in a triangle, draw two 
lines bisecting any two of the angles. Where these lines 
meet is the center of the circle. 


If any two chords, as a b, o c, cross each other, as 
at n ; then as o n : n b : : an : n c. Hence, nb X an 
= o n X n c. That is, the product of the two segments 
of one of the chords is = the product of the two segments 
of the other chord. 



Tangents. 

Here the “ tangents” are merely straight lines, touching 
the circle, without cutting it; not trigonometrical 
tangents. 

To draw a tangent, i e i, to a circle, through 
any given point, e, in its circumf. 

Through the center c and the given point e, draw c o ; 
make e o * e c; from c and o, with any rad greater 
than half of o c, describe the two pairs of arcs, t and i ; 
join their intersections i i. 

Or from e lay off any two equal distances e d, c t ; and 
draw i i parallel to d t. 



To draw a tang, a « b, to a circle, from a 
point, a, which is outside of the circle. 

Join o c, c being the center of the circle. On o c, 
describe a semi-circle; through the intersection, a, draw 
at b. 



To draw a tang, q h, from a circular arc. 

g a d, of which n a is the rise. With rad g a, describe 
an arc, • a o. Make t a — t a. Through t draw g h. 
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TABLE 1 OF CIRCLES. 
Diameters in units and eighths, Ac. 
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TABLE 1 OF CIRCLES. 
Diameters in units and eighths, Ac. 
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CIRCLES. 


TABLE 8 OF CIRCLES—{Continue). 
Diameter* In nnite and tenth*. 




94.24778 
94.56194 1 
94.87610 ! 
95.19026 
95.50442 I 
95.81858 
96.13274 I 


683.4928 
6881345 
692.7919 
697.4650 
702.1538 .1 

706.8583 .2 

711.5786 .8 

716.3145 .4 

721.0662 .5 

725.8336 .6 

730.6166 17 

735.4154 .8 

740.2299 .9 

745.0601 87.0 

749.9060 J 

754.7676 .2 
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CIRCLES. 



TABLE 2 OF CIRCLEB-fContinaed). 
Diameters In units and tenths. 


Area. | Dia. | Circumf. | Area. | Dia. | t'ircunif. | Ares. 


156.1872 
.8 156.4513 
.9 156 7655 
50.0 157.07% 
.1 157.3938 
.2 157.7080 
.5 158.0221 
.4 158.8363 
.5 158.6504 
.6 158.9646 
.7 159.2787 
" 159.5929 

159.9071 
61.0 160 2212 
.1 160.5854 
.2 160.8495 
.3 161.1637 
.4 161 4779 
.5 161.7920 
.6 162.1062 
.7 162.4203 
.8 162 7345 

.9 163 0487 

62.0 163.3628 
.1 163.6770 

.2 163.9911 

.8 164.3053 

.4 164.6195 
.5 164.9336 

.6 165.2478 
.7 165.5619 
.8 165.8761 
.9 166.1903 
68.0 166.5044 

.1 166 8186 
.2 167.1327 
.8 167 4469 
.4 167.7610 
.5 168.0752 
.6 168.8894 
.7 168 7035 

.8 169.0177 
.9 169.3318 
64.0 169.6460 
.1 169.9602 
2 170.2743 
.3 170.5885 
.4 170.9026 
A 171.2168 
.6 171.5310 
7 171.8451 
.8 172.1593 
.9 172.4734 
66.0 172.7876 
.1 173.1018 

.2 173.4159 

.8 173.7301 
.4 174.0442 
A 174.3584 
.6 174.6726 
J, 174.9867 
A 176.3009 



























































Dla. 

Circnmf. 

55.9 

175.6150 

50.0 

175.9292 

.1 

176.2133 

.2 

176.5575 

.3 

176.8717 

.4 

177.1858 

.5 

177.5000 

.6 

177.8141 

.7 

178.1283 

.8 

178.4425 

.9 

178.7566 

67.0 

179 0708 

.1 

179.3849 

.2 

179.0991 

.3 

180 0133 

.4 

180.3274 

.5 

180 6416 

.0 

180.9557 

.7 

181 2099 

.8 

181.5841 

9 

181.8982 

68.0 

182.2124 

.1 

182 5265 


182.8407 

.3 

183 1549 

.4 

183.4090 

5 

183.7832 

.6 

184.0973 

.7 

184 4115 

.8 

184 7256 

.9 

185 03118 

590 

185.3540 

.1 

185.6681 

.2 

185.9823 

.3 

186.2964 

.4 

186 6106 

.5 

186.9248 

.6 

187.21389 

.7 

187 5531 

.8 

187 8672 

.9 

188.1814 

&0.0 

188.4956 

.1 

188.8097 

.2 

189 1239 

.3 

189.4380 

.4 

189.7522 

.5 

190.0664 

6 

190 3805 

.7 

190.6947 

A 

191.0088 

.9 

191.3230 

81.0 

191.6372 

.1 

191.9513 

.2 

192.2655 

£ 

192.5796 

A 

192.8988 


193.2079 

.6 

193.5221 

.7 

193.8368 

A 

194.1504 

A 

194.4646 

MS) 

194.7787 


Area. 

Dta. 

(,'lrcumf. 

Area. 

2454.2200 

m 

195.0929 

3028 8173 

2463.0086 


195,1071 

3038.5798 

2471.8130 

Kl 

195.7212 

3048 3580 

2480.6330 

.4 

196 0354 

3058.1520 

2489.4687 

.6 

196.3495 

3067.9616 

2498.3201 

.6 

196.6637 

3077.7869 

2507.1873 

.7 

196.9779 

3087.6279 

2516.0701 

.8 

197.2920 

3097.4847 

2524.9687 

.9 

197.6062 

3107.3571 

2533.8830 

63.0 

197.9203 

3117.2453 

2542.8129 

.1 

198.2345 

3127 1492 

2551.7.586 

.2 

198.5487 

3137 0688 

2560.7200 

.3 

198.8G28 

3147.0040 

2569 ('.971 

.4 

199.1770 

3156.9550 

2578 6899 

.5 

199.1911 

3166.9217 

2587.6985 

.6 

199.8053 

8176.9042 

2596.7227 

.7 

200.1195 

3186.9023 

2605.7626 

.8 

200.1336 

3196.9161 

2614.8183, 

.9 

200.7478 

3206.9456 

2623.8896 

64.0 

201.0619 

3216.9909 

2632 9767 

.1 

201.3701 

3227 0518 

2642 0794 

.2 

201.6902 

3237 1285 

2651.1979 

.3 

202.0044 

3247 2209 

2660.3321 

.4 

202.3186 

3257 3289 

2669.4820 

.5 

202 6327 

3267.4527 

2678 6476 

.6 

202 9409 

3277 5922 

2687.8289 

.7 

203.2610 

3287 7474 

2697.0259 

.8 

203.5752 

3297.9183 

2706.2386 

.9 

203.8894 

3308.1049 

2715.4670 

65.0 

204 2035 

3318 3072 

272-4.7112 

.1 

204.5177 

3328.5253 

2733.9710 

.2 

204.8318 

3338.7590 

2743.2466 

.3 

205.1460 

3349.0085 

2752.5378 

.4 

205.4602 

3359 2736 

2761.8448 

.5 

205.7743 

3369 5545 

2771.1675 

.6 

206.0885 

3379.8510 

2780.5058 

.7 

206.4026 

3390.1633 

2789 8599 

.8 

206 7168 

3400.4913 

2799.2297 

.9 

207.0310 

3410.8350 

2808 6152 

66.0 

207.3451 

3421 1944 

2818.0165 

.1 

207.6593 

3431.5695 

2827.4334 

.2 

207.9734 

3441 9603 

2836.8660 

.3 

208.2876 

3452.3669 

2846 3144 

.4 

208.6018 

3462.7891 

2855.7784 

.5 

208.9159 

3473.2270 

286.5.2582 

.6 

209 . 2:101 

3483.6807 

2874 7536 

.7 

209.5442 

3494.1500 

2884.2648 

.8 

209.8584 

3504.6351 

2893.7917 

.9 

210.1725 

3515.1359 

2903.3343 

67.0 

210.4867 

3525.6524 

2912.8026 

.1 

210.8009 

3536 1845 

2922.4666 

22 

211.1150 

3546.7324 

2932 0563 

.8 

211.4292 

3557.2960 

2941.6617 

.4 

211.7438 

3567.8754 

2951.2828 

5 

212.0575 

3578.4704 

2960.9197 

6 

212.3717 

3589.0811 

2970.5722 

7 

212.6858 

3590.7075 

2980.2405 

8 

213.0000 

3610.3497 

2989.9244 

.9 

213.3141 

S621.0075 

2999.6241 

68.0 

213.6283 

3631.6811 

8009.3395 

.1 

213.9425 

3612.3704 

8019.0705 

.2 

214.2566 

3653.0754 
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Diameters in units and tenths. 
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TABLE 2 OF CIRCLES-^Coattaaed). 


Diameters In unit* and ten tbs. 


Dll. 

Clrenmf. 

Ares. 

Dli. 

Clrcumf. 

Area. 

DU. 

Circumf. 

Am. 

98.1 

292.4823 

6807.5250 

95.5 

300.0221 

7183.0276 

97.8 

307.2478 

7512.2078 

.2 

292.7964 

6822.1569 

.6 

300.3363 

7178.0366 

.9 

307.5619 

Brfiy-fLYfcTil 

.3 

293.1106 

6836.8046 

.7 

300.0504 

7193.0612 

98.0 



.4 

293.4248 

6851.4680 

.8 

300.9646 

7208.1016 

.1 

ESaEgl 

7558.3656 

.5 

293.7389 

6866.1471 

.9 

301.2787 

7223.1577 

.2 

308.5044 

7573.7830 

.6 

294.0531 

6880.8419 

96.0 

301 5929 

7238.2295 

.3 

308.8186 

7589.2161 

.7 

291.3672 

6895.5524 

.1 

301.9071 

7253.3170 

.4 

rnrrn 


.8 

294.6814 

6910.2786 

.2 

302.2212 

7268.4202 

.5 

309.4469 

7620.1293 

.y 

294.9956 

6925.0205 

.3 

302.5364 

7283.5391 

.6 



94.0 

295.3097 

6939.7782 

.4 

302.8495 

7298.6737 

.7 

310.0752 

r Yn tvtl 

.1 

295.6239 

6951.5515 

.5 

303.1687 

7318.8240 

.8 

310.3894 


.2 

295.9380 

6969.3406 

.6 

303 4779 

7328.9901 

.9 

§ YJ Wl 

7682.1444 

.3 

296.2522 

G984 1453 

.7 

303.7920 

7344.1718 

99.0 

BofKotvB 

7697.6874 

.4 

296 5663 

6998.9658 

.8 

304.1062 

7859.9693 

.1 

811.3318 

7713.2461 

.5 

296.8805 

700.8019 

.9 

301.4203 

7374.5824 

.2 

311.6460 

7728.8206 

.6 

297.1917 

7028.6538 

97 0 

304.7345 

7389.8113 

.8 



.7 

297.5088 

7043.5214 

.1 

305.0486 

7405.0559 

.4 

312.2743 

KM 

.8 

297 8230 

7058.4047 

.2 

305.3628 

7420.3162 

.5 

312.5885 

7775.6382 

.9 

298.1371 

7073.3037 

.3 

305.6770 

7435.5922 

.6 

gimKlKE 

7791.2764 

96.0 

298.4513 

7088.2184 

.4 

305.9911 

745)0.8839 

.7 

813.2168 


.1 

298.7655 

7103.1488 

.5 

806.3053 

7466.1913 

.8 

El 

7822.5971 

.2 

299.07% 

7118.0950 

.6 

306.6194 

7481.5144 

.9 

313.8451 

7838.2815 

.3 

.4 

299.3938 

299.7079 

7133.0568 

7148.0343 

.7 

306.9336 

7496.8532 

100.0 

314.1593 

7853.9816 


Circumferences when the diameter has more than one 
place of decimals. 


Diam 

Clrc. 

Diam. 

Clrc. 

Diam. 

Ctro. 

Diam. 

Circ. 

Diam. 

Cire. 

.1 

.314159 

.01 

.031416 

.001 

.003142 

.0001 

.000314 

.00001 

.000031 

.2 

.628319 

.02 

.062832 

.002 

.006283 

.0002 

.000628 

.00002 

.000063 

.3 

.942478 

.03 

.094248 

.003 

.009425 

.0003 

.000942 

.00003 

.000094 

.4 

1.256637 

.04 

.125664 

.004 

.012566 

.0004 

.001257 

.00004 

.000126 

.b 

1 570796 

.05 

.157080 

.005 

.015708 

.0005 

.001571 

.00005 

.000157 

.6 

1.884956 

.06 

.188496 

.006 

.018850 

.0006 

.001885 

.00006 

.000188 

.7 

2.199115 

.07 

.219911 

.007 

.021991 

.0007 

.002199 

.00007 

.000220 

.8 

2513274 

.08 

.251327 

.008 

.025133 

.0008 

.002513 

.00008 

.000251 

.9 

2.827433 

.09 

.282743 

.009 

.028274 

.0009 

.002827 

.00009 

.000283 


Examples. 


Diameter =» 

3.12699 



Circumfce — 

Circumference — 


Sum of 

Diameter — 

Circ for dia of 

3.1 

■at 

9.738937 

Dla for circ of 


.02 

a 

.062882 


M 

.006 

so 

.018850 

M 

u 

/WOO 

m=x 

.002827 


n 

.00000 

— 

.000283 





9.823729 



9.823729 

Sum ol 

9.7S8937 « 

3.1 

.084792 
.062832 « 

.02 

.021960 
.018850 - 

.006 

.003110 
.002827 « 

.0009 

.000283 
■000283 - 

.00009 

8.12699 















Ft.In Feot. 


Sq. ft. 


Pt.In 

Feot. 

Sq. ft. 

FUn. 

| Feot. 

Sq.ft. 

Ft In. 

Feet. ' 

Sq. ft. 




0 

0 

! 15.70796 

19.63495 

10 0 

31.41593 

78,53982 

© 1 

.261799 

.005154 


1 

1 15.96976 

20.29491 

1 

31.67773 

79.85427 

2 

.523599 

.021817 


2 

16.23156 

20.95577 

2 

31.93953 

81.17963 

8 

.785398 

.049087 


3 

16.49336 

21.64754 

3 

3220132 

8251589 

4 

1.047198 

.087266 


4 

16.75516 

22.34021 

* 4 

32.46312 

83.86307 

5 

1.308997, 

.136354 


5 

17.01696 

23.04380 

5 

32.72492 

85.22115 

6 

1.570796 

.196850 


6 

17.27876 

23.75829 

6 

82.98672 

86,59015 

7 

1.832596 , 

.267251 


7 

17.54056 

21 48370 

7 

33.24852 

87.97005 

8 

2 09439.5 

.349066 


8 

17.80236 

25.22001 

8 

83,51032 

89.36086 


2.356195 

•441786 


9 

18.06416 

25.96723 

9 

33.77212 

90.76258 

10 

2.617994 

.545415 


10 

18.32596 

26 72535 

10 

34 03392 

92.17520 

11 

2.879793 

.659953 


11 

18.58776 

27.49439 

11 

34.29572 

93,59874 

1 0 

3.14159 

.785398 

6 

0 

18.84956 

28.27433 

11 0 

34,55752 

95.03318 

1 

3.40339 

.921752 


1 

19.11136 

29.06519 

1 

3181932 

90.47853 

2 

3.66519 

1.06901 


2 

19.37315 

29 86695 

‘2 

35.08112 

97.93479 

3 

3.92699 

1.22718 


3 

19.63495 ! 

30 67962 

3 

35.34292 

99 40196 

4 

4.18879 

1.39626 


4 

19.89675 

31.50319 

4 

35.60472 

100.8800 

5 

4.45059 

1.57625 


5 > 

20.15855 

32.33768 

5 

35 86552 

102 3690 

6 

4.71239 

1.76715 


6 i 

20.42035 

33.18307 

6 

36.12832 

103,8089 

7 

4.97419 

1.96895 


7 : 

20.68215 

34.03937 

7 ' 

36.39011 

105.3797 

8 

6.23599 

2.18166 


8 , 

20.94395 

34.90559 

8 

36.55191 

106.9014 

9 

6.49779 

2.40528 


9 ! 

21.20575 

35 78470 

9 

36.91371 

108.4340 

10 

5.76959 

2.63981 


10 ! 

21.46755 

36 67373 

10 

37.17551 

109.9776 

11 

602139 

2.88525 


11 

21.72935 

37,57367 

11 

37.43731 

111,5320 

2 0 

6.28319 

314159 

7 

0 

21.99115 

38.48451 

12 0 

37 69911 

113 0973 

1 

6.54498 

3.40885 


1 

22.25295 

39.40626 

1 

37.96091 

114 6736 

2 

6.80678 

3 68701 


2 i 

22.51475 

40.33892 

2 

38 22271 

116 2007 

3 

7.06858 

3.97608 


3 

22.77655 

41.28249 

3 

3848451 

117 8588 

4 

7.33038 

4.276<k> 


4 

23.03835 

42.23697 

4 

38 71631 

119 4678 

5 

7.59218 

4.58694 


5 

23.30015 

43.20235 

5 

39 00811 

121 0877 

6 

7.85398 

4.90871 


6 

23.56194 

44.17865 

-6 

39.26991 

122.7185 

7 

8.11578 

5.24144 


7 

23.82374 

45.16585 

7 

39,53171 

124.3602 

8 

8.37758 

5.58505 


8 

24.08554 ' 

46.16396 

8 

39 79351 

126.0128 

9 

8.63938 

5.93957 


9 

24 34734 

47.17298 

9 

40.05531 

127 6763 

10 

8.90118 

6.30500 


10 

24.60914 

48.19290 

10 

40.31711 

129 3507 

11 

9.16298 

6.68134 


11 

24.87094 

49.22374 

11 

40,57891 | 

131.0360 

B 0 

9.42478 

7.068*8 

8 

0 

25.13274 

50.25548 

13 0 

40.84070 

132.73*23 

1 

9.68658 

7.46671 


1 

25.39454 

51.31813 

1 

41.10250 

134.4394 

2 

9.94838 

7.87580 


2 

25.55634 

52.38169 

2 

; 41.36430 

1361575 

3 

10.21018 

8.29577 


3 

25.91814 

534.5616 

3 

41.62610 

187.8865 

4 

10.47198 

8.72665 


4 

26.17994 

54.54154 

4 

41.88790 

139.6263 

5 

10.73377 

9.16843 


5 

26.44174 

65 63782 

5 

42.14970 

141.3771 

6 

10.99557 

9.62113 


6 

26.70354 

56.74502 

6 

4241150 

143.1388 

7 

11.25737 

10 08473 


7 

26.96534 

57.86312 

7 

42.67:130 

144.9114 

8 

11.51917 

10.55924 


8 

27.22714 

58.99213 

8 

42.93510 

146.6949 

9 

11.78097 

11.04466 


9 

27.48894 

60.13205 

9 

1 43.19690 

148.4893 

10 

12.04277 

11.54099 


10 

27.75074 

61.28287 

10 

1 43.45870 

150.2947 

11 

12.30457 

12.01823 


11 

28.01253 

62.44461 

11 

43.72550 

152.1109 

4 0 

12.56637 

12.56687 

9 

0 

28.27433 

63.61725 

M 0 

43.98230 

153.9380 

1 

12.82817 

1309542 


1 

28.53613 

64.80080 

1 

44.24410 

155.7761 

2 

13.08997 

13.68538 


2 

28.79793 

55.99526 

2 

44.50590 

157.6250 

8 

13.35177 

14.18625 


3 

2905973 

67.20063 

3 

44.76770 

159.4849 

4 

18 61357 

l 14 74803 


4 

29.32153 

58.41691 

4 

45.02946 

161.3557 

6 

18.87537 

15.32072 


5 

29,58333 

69.64409 

5 

45.29129 

163.2374 

6 

14.13717 

! 15.90431 


6 ; 

29.84513 

70.88218 

6 

45.55309 

165.1300 

7 

14.39897 

16.49882 


7 

30.10693 

72.13119 

7 

45.81489 

167.0335 

8 

14.66077 

17.10423 


8 

30.36873 

73.89110 

8 

46.07669 

168-9479 

9 

14.92257 

17.720.55 


9 

30.63053 

74.66191 

9 

46.33849 

170.8732 

10 

15.18486 

18.34777 


10 

30.80238 

75.94364 

10 

46.60029: 

172.8094 

u 

15.44616 

18.98591 


11 

31.15418 

77.23627 

11 

46.86209 1 

174.7506 
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TABLE 3 OF CIBCLES-<Continu*d). 


Biams in units and twelfths; as In feet and inches. 


DU. 

Circumf. 

Area. 

his. | Circumf. 

Area. 

IMa. 

Circumf. 

Area. 

Ft.In 

F.-et. 

Sq. ft. 

Ft.lu. 

Feet. 

Sq. ft. 

FtJn. 

Feet. 

Sq. ft. 

15 0 

47.12389 

176.7146 

20 0 

62.83185 

314.1593 

25 0 

78.53982 

EM] 

1 

47.38f>69 

178.6835 

1 

63.09365 

316.7827 

1 


494.1518 

2 

47 64749 

180.6634 

2 

63.35545 

319.4171 

2 

79.06342 

497.4407 

8 

47.90929 

182.6542 

3 

63.61725 

322.0623 

3 

79.32521 


4 

48.17109 

184.6558 

4 

63.87905 

324.7185 

4 

KOHKHIJBI 


6 

48.43289 

186.0684 

5 

64.14085 

327.3856 

5 

79.84881 

507 3727 

6 

48 69469 

188.6919 

6 

64.40265 

330.0636 

6 

CiOMKOBl 

510.7052 

7 

48 95649 

190.7263 

7 

64.66445 

332.7525 

7 

80.37241 

514.0486 

8 

49 21828 

192.7716 

8 

64.92625 

335.4523 

8 

80.63421 

517.4029 

9 

49.48<X)8 

194.8278 

9 

65.18805 

338.1630 

9 

m 

520.7681 

10 

49.74188 

196.8950 

10 

65.44985 

340.8816 

10 

81.15781 

524.1442 

11 

50.00368 

198 9730 

11 

65.71165 

343.6172 

11 

81.41961 

527.5312 

16 0 

50.26548 

201.0619 

21 0 

f».97345 

346.3606 

•26 0 

81.68141 

530.9292 

1 

4)0.52728 

203.1618 

1 

66.23525 

349 1149 

1 

81.94321 


2 

50.78908 

205.2725 

2 

66.49704 

351.8802 

2 


537.7578 

3 

51.05088 

207 3942 

3 

66.75884 

354 6564 

3 

82.46681 

541.1884 

4 

51.31268 

209.5268 

4 

67.02061 

357.4434 

4 

82.72861 


5 

51.57448 

211.6703 

5 

67.28244 

360.2414 

!> 

82.99041 


6 

51.83628 

213.8246 

6 

67.54424 

363 0503 

6 

83.25221 

551.5459 

7 

52.09808 

215.9899 

7 

67.80604 

365 8701 

V 

EgflELa 


8 

52.35988 

218.1662 

8 

68.06784 

368.7008 

8 

83.77580 


9 

52.62168 

220.3533 

9 

68.32964 

371.5424 

9 

EEMa 

El Si 

10 

62.88348 

222 5513 

10 

68.59144 

374.3919 

10 

84 29940 

fft 

11 

53.14528 

224.7602 

11 

68 85324 

377.2584 

11 


569.0264 

17 0 

63.40708 

226.9801 

22 0 

69 um 

380.1327 

3m 

rrlmVl 

572.5558 

1 

68.66887 

229.2108 

1 

69 37684 

383.0180 

1 


576.0950 

2 

53.93067 

231.4525 

2 

69 63864 ■ 385 9141 

2 

Iz'nKiWi.il 

579.6457 

8 

54.19247 

233.7050 

3 

69.90044 

388.8212 

3 

85.60840 


4 

64.45427 

235.9685 

4 

70.16224 

391.7:192 

4 

ESEwfiEll 

586.7797 

6 

54.71607 

238.2429 

6 

70.42404 

391.6680 

5 


590.3631 

6 

54.97787 

240.5282 

6 

70 68583 

397.6078 

6 

86 39380 

593.9574 

7 

55.23967 

242.8244 

7 

70.91763 

400.6585 

7 


597.5626 

8 

55.50147 

245.1315 

8 

71.20943 

403.5001 

8 

■r ! fr 

601,1787 

9 

55.76327 

247.4495 

9 

71.47123 

406 4926 

9 

B:V. !9*i 


10 

56.02507 

249.7784 

10 

71.73303 

. 409.4761 

10 

Ef : ! u5 

IMctW 

11 

56 28687 

252.1183 

11 

71.99483 

! 412.4704 

11 

Ry 'ilW! 

612.0924 

18 0 

56.54867 

254 4690 

28 0 

72 25663 

415.4756 

28 0 

87.96459 

615.7522 

1 

56.81047 

256 8307 

1 

72.51843 

418.4918 

1 

88.226,39 

619.422* 

2 

57.07227 

259.2032 

2 

72.78023 

421.5188 

2 ! 88.48819 


3 

57.33407 

261.5867 

8 

73.04203 

424.5568 

3 

88.74999 

626.796* 

4 

57.59587 

263.9810 

4 

73.30383 

427.6057 

4 i 89.01179 


6 

67.85766 

266 3863 

5 

78.56563 

430 6654 

5 ! 89.27359 

634.2145 

6 

58.11946 

268.8025 

6 

73.82743 

: 438.7361 

6 

89.5:3539 

637.9397 

7 

58.38126 

271.2296 

7 

74.08923 

: 436.8177 

7 

89.79719 

641.675* 

8 

58.64306 

273.6676 

8 

74.35103 

! 439.9102 

8 

90.05899 

645.422* 

9 

58.90486 

276.1165 

9 

74.61283 

! 443 0137 

9 

90.32079 

649.180" 

10 

59.16666 

27S.5764 

10 

74.87462 

] 446.1280 

10 

90.58259 

652.949; 

11 

59.42846 

281.0471 

11 

75.13642 

i 449.2f.32 

11 

90.84439 

656.7295 

19 0 

59.69026 

283.5287 

24 0 

75.39822 

452.3893 

EH 

mi 


1 

59.95206 

286.0213 

1 

75.66002 

1 455.5304 

1 

91.36799 

664.321' 

2 

60.21386 

288.5247 

2 

75,92182 

1 458.6M3 

2 

91.62979 

668.133? 

3 

60.47566 

291.0391 

8 

76.18362 

, 461 8632 

8 

91.89159 

671.9575 

4 

60.73746 

293.5044 

4 

76.44542 

' 465.0430 

4 

92.15338 

675.791 

6 

60.99926 

296.1006 

6 

76.70722 

1 468.2337 

b 

92 41518 

679.636 

6 

61.26106 

298.6477 

6 

76.96902 

1 471.4352 

6 

92.67698 

683.492 

7 

61.52286 

301.2056 

7 

77.23082 

474.6477 

7 

92.9387* 

687.35t 

6 

61.78466 

303.7746 

8 

77.49262 

477.8711 

* 


691.28 

9 

62.04645 

806.3544 

9 

77.75442 

481.1055 

i 

93 4623* 

695.126 

K> 

62.30825 

308.9451 

10 

78.01622 

484.3507 

1( 

93.7241* 

lanuT^ 

U 

62.5T005 

| 311.5467 

11 

78.27802 

487.6068 

11 

98.98598 

w& 
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CIRCLES. 


TABLE S OF CIRCLES-(Oontlmxri). 

Diams in units and twelfths; as in feet and inches. 
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TABLE 3 OF CIBCLES-(Continued). 

Diams in units and twelfths; as in feet and inches. 


Dia. 

Circumf. 

Area. 

Dia. 

Circumf. 

Area. 

Dia. 

Circumf. 

Area. 

Ft.In. 

Feet. 

Sq. ft. 

Ft.In. 

Feet 

Sq. ft. 

Ft.In. 

Feet. 

Sq. ft. 

45 0 

141.3717 

1590.4313 

50 0 

157.0796 

1963.4954 

55 0 

172.7876 

2375.8294 

1 

141.6335 

1596.3272 

1 

157.3414 

1970.0458 

1 

173.0494 

2383.0344 

2 

141.8953 

1602.2311 

2 

157.6032 

1976.6072 

2 

173.3112 

2390.2502 

3 

142.1571 

1608.1518 

3 

157.8650 

1983.1794 

3 

173 5730 

2397.4770 

4 

142.4189 

1614.0805 

4 

158.1268 

1989.7626 

4 

173.8348 

2404.7146 

5 

142 6807 

1620.0201 

5 

158.3886 

1996.3567 

5 

174.0966 

2411.9632 

6 

142.9425 

1625.9705 

6 

158.6504 

2002.9617 

6 

174.3584 

2419.2227 

7 

143.2043 

1631.9319 

7 

158.9122 

2009.5776 

7 

174.6202 

2426.4931 

8 

143.4661 

1637.9042 

8 

159.1740 

2016.2044 

8 

174 8820 

2433.7744 

9 

143.7279 

1643.8874 

9 

159.4358 

2022.8421 

9 

175 1438 

2441.0666 

10 

143 9897 

1649.8816 

10 

159.6976 

2029.4907 

10 

175 4056 

2448.3697 

11 

144.2515 

1655 8866 

11 

159.9594 

2036.1502 

11 

175 6674 

24,55.6837 

46 0 

144 5133 

1661.9025 

51 0 

160 2212 

2042.8206 

50 0 

175.9292 

2463 0086 

1 

141.7751 

1667 9294 

1 

160.4830 

2049.5020 

1 

176.1910 

2470.3445 

2 

145.0369 

1673.9671 

2 

160.7448 

2056.1942 

2 

176.4528 

2477.6912 

S 

145.2987 

1680.0158 

3 

161.0066 

2062.8974 

3 

176.7146 

2485.0489 

4 

145 5605 

1686.07.53 

4 

161.2684 

2069.6114 

4 

176.9764 

2492.4174 

5 

145.8223 

1692 1458 

5 

161.5302 

2076.3364 

5 

177.2382 

2499.7969 

6 

146 0841 

1698.2272 

6 

161.7920 

2083.0723 

6 

177.5000 

2507.1873 

7 

146.3459 

1704.3195 

7 

162.0538 

2089 8191 

7 

177.7618 

2514.5886 

8 

146.6077 

1710.4227 

8 

162.3156 

2096.5768 

8 

178.0236 

2522.0008 

9 

146.8695 

1716 5368 

9 

162 5774 

2103.3454 

9 

178.28,54 

2529.4239 

10 

147.1313 

1722 6618 

10 

162.8392 

2110.1249 

10 

178.5472 

2536.8579 

11 

147.3931 

1728.7977 

11 

163.1010 

2116.9153 

11 

178.8090 

2544.3028 

47 0 

147.6549 

1734.9445 

52 0 

163.3628 

2123.7166 

57 0 

179 0708 

2551.7586 

1 

147.9167 

1741.1023 

1 

163.6246 

2130.5289 

1 

179.3326 

2559.2254 

2 

148.1785 

1747.2709 

2 

163.8864 

2137.3520 

2 

179.5944 ! 

2566.7030 

3 

148.4403 

1753.4505 

3 

164.1482 

2144.1861 

3 

179.8562 

2574.1916 

4 

148.7021 

1759.6410 

4 

164.4100 

2151.0310 

4 

180.1180 

2581.6910 

5 

148.9639 

1765.8423 

5 

164.6718 

2157.8869 

5 

180.3798 

2589.2014 

6 

149.2257 

1772.0546 

6 

164.9336 

2164.7537 

6 

180.6416 

2596.7227 

7 

149 4875 

1778.2778 

7 

165.1954 

2171.6314 

7 

180.9034 

2604.2549 

8 

149.7492 

1784.5119 

8 

165.4572 

2178.5200 

8 

181.1652 

2611.7980 

9 

150.0110 

1790.7569 

9 

165.7190 

2185.4195 

9 

181.4270 

2619.3520 

10 

150.2728 

1797.0128 

10 

165.9808 

2192.3299 

10 

181 6888 

2626.9169 

11 

150.5346 

1803.2796 

11 

166.2426 

2199.2512 

11 

181.9506 

2634.4927 

48 0 

150.7964 

1809.5574 

53 0 

166.5044 

2206.1834 

58 0 

182.2124 

2642.0794 

1 

151.0582 

1815 8460 

1 

166.7662 

2213.1266 

1 

182.4742 

2649.6771 

2 

151.3200 

1822.1456 

2 

167.0280 

2220.0806 

2 

182.7360 

2657.2856 

3 

151.5818 

1828.4560 

3 

167.2898 

2227.0456 

3 

182.9978 

2664.9051 

4 

151.8436 

1834.7774 

4 

167.5516 

2234.0214 

4 

183.2596 

2672.5354 

5 

152.1054 

1841.1096 

5 

167.8134 

2241.0082 

5 

183.5214 

2680.1767 

6 

152.3672 

1847.4528 

6 

168.0752 

2248.0059 

6 

183.7832 

2687.8289 

7 

152.6290 

1853.8069 

7 

108.3370 

2255.0145 

7 

184.0450 

2695.4920 

8 

152.8908 

1860.1719 

8 

168.5988 

2262.0340 

8 

184.3068 

2703.1659 

9 

153.1526 

1866 5478 

9 

168 8606 

2269.0644 

9 

184.5686 

2710.8508 

10 

153.4144 

1872.9346 

10 

169.1224 

2276.1057 

10 

184 8304 

2718.5467 

11 

153.6762 

1879.3324 

11 

169.3842 

2283.1579 

11 

185 0922 

2726.2534 

40 0 

153 9380 

1885.7410 

54 0 

169.6460 

2290 2210 

59 0 

185.3540 

2733.9710 

1 

154.1998 

1892 1605 

1 

109.9078 

2297.2951 

1 

185.6158 

2741.6995 

2 

154.4616 

1898.5910 

2 

170.1696 

2304 3800 

2 

185.8776 

2749.4390 

3 

154.7234 

1905.0323 

3 

170.4314 

2311.4759 

3 

186.1394 

2757.1893 

4 

154.9852 

1911.4846 

4 

170.6932 

2318.5826 

4 

186.4012 

2764.9506 

6 

155 2470 

1917.9478 

5 

170.9550 

2325.7003 

5 

186.G630 

2772.7228 

6 

155.5088 

1924 4218 

6 

171.2168 

2332 8289 

6 

186.9248 

2780.5058 

7 

155.7706 

1930.9068 

7 

171.4786 

2339.9684 

7 

187.1866 

2788.2998 

8 

156.0324 

1937.4027 

8 

171.7404 

2347.1188 

8 

187.4484 

2796.1047 

9 

156.2942 

1943.9095 

9 

172.0022 

2354.2801 

9 

187.7102 

2803.9205 

10 

156.5560 

1950.4273 

10 

172.2640 

2361.4523 

10 

187.9720 

2811.7472 

11 

156.8178 

1956.9559 

11 

172.5258 

2368.6354 

11 

188.2338 

2819.5849 
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CIRCLES. 


TABLE 3 OF CIRCLES— (Continued). 


Dlams in units and twelfths; as In feet and inches. 


Dia. 

Circumf. 

Area. 

DIa. 

Circumf. 

Area. 

Dia. 

Circumf. 

Area. 

Ft.In. 

Feet. 

8q. ft. 

Ft.In. 

Feet. 

Sq. ft. 

Ft.In. 

Feet. 

Sq. ft. 

60 0 

188.4956 

2827.4334 

65 0 

204.2035 

3318.3072 

70 0 

2199115 

3848 4510 

1 

188.7574 

2835.2928 

1 

204.4653 

3326.8212 

1 

220.1733 

3857.6194 

2 

189 0192 

2843.1632 

2 

204.7271 

3335.3460 

2 

220.4351 

3866.7988 

3 

189.2810 

2851.0414 

3 

204 9889 

3343.8818 

3 

220 6969 

3875.9890 

4 

189.5428 

2858 9366 

4 

205.2507 

3352.428! 

* 4 

220.9587 

3885.1902 

b 

189.8046 

2866 8397 

5 

205,5125 

3360.9860 

5 

221.2205 

3894.4022 

6 

190.0664 

2874 7536 

6 

205.7743 

3369.5545 

6 

221.4823 

3903.6252 

7 

190.3282 

2882.6785 

7 

206.0361 

3378.1339 

7 

221 7441 

3912.8591 

8 

190.5900 

'2890.6143 

8 

206.2979 

3386.7241 

8 

222.0059 

3922.1039 

y 

190 8518 

2898,5610 

9 

206,5597 

3395.3253 

9 

222.2677 

3931.3596 

10 

191.1136 

2906,5186 

10 

206 8215 

3403.9375 

10 


3940.62(2 

u 

191.3754 

2914.4871 

11 

207.0833 

3412.5605 

11 

j 222 7913 

3949 9037 

11 0 

191.6372 

2922.4666 

66 0 

207 3451 

3421.1944 

71 0 

i 223,0531 

3959 1 921 

1 

191.8990 

2930 4569 

1 

207 6069 

8429.8392 

1 

| 223.3149 

3968 4915 

2 

192.1608 

> 2938.4581 

2 

207.8687 

34:18.4950 

2 

223 5767 

3977.8017 

3 

192.4226 

2946.4703 

3 

208.1305 

3447.1616 

3 

! 223 8385 

3987.1229 

4 

192.6843 

2954.4934 

4 

208.3923 

3155.8392 

4 

; 224.1003 

3996.4549 

5 

192.9461 

2962.5273 

6 

208.6541 

3464.5277 

5 

i 224.3621 

4005.7979 

G 

193.2079 

2970 5722 

6 

208.9159 

3478.2270 

6 

! 224.6239 

4015.1518 

7 

193.4697 

2978.6280 

7 

.209.1777 

3481.9373 

7 : 

! 224.8857 

4024.5165 

8 

193.7315 

2986.6947 

8 

209.4395 

3490.6585 

8 

! 225.1475 

4033.8922 

9 

193.9932 

2994.7723 

9 

209.7013 

8499.3906 

9 

I 225.4093 

4043.2788 

10 

194.2551 

3002.8608 

10 

209.9631 

3508.1336 

10 

225.6711 

4052.6763 

11 

194.5169 

3010.9602 

11 

210,2249 

3516.8875 

11 1 

225 9328 

4062.0848 

§2 0 

194.7787 

3019.0705 

67 0 

210.4867 

3525.6524 

12 o; 

226.1947 

4071.5041 

1 

195.0405 

3027.1918 

1 

210.7485 

3534.4281 

i 

226.4565 

4080.9343 

2 

195.3023 

3035.3239 

2 

211.0103 

,3543 2147 

2 i 

226.7183 

4090.3755 

3 

195.5641 

3043.4670 

3 

211.2721 

3552.0123 

3 

226.9801 

4099 8275 

4 

195.8259 

3051.0209 

4 

211,5339 

3560.8207 

4 

227.2419 

4109.2905 

5 

196.0877 

3059.7858 

5 

211 7957 

3569.6401 

sj 

227.5037 

4118.7648 

6 

196.3495 

3067 9616 

6 

212.0575 

3578.4704 

6 

227.7655) 

4128 2491 

7 

196.6113 

3076.1483 

7 

212 3193 

3587.3116 

7 

228 0273 

4137.7448 

8 

196.8731 

3084.3459 

8 

212,5811 

3596.1637 

8 

228.2891 

4147.2514 

9 

197.1349 

3092.5544 

9 

212.8429 

3605.0267 

9 

2285509 

417)6.7689 

10 

197.3967 

3100.7738 

10 

213.1047 

3613.9006 

10 

228 8127 

4166 2973 

11 

197.6585 

3109.0041 

11 

213.3665 

3622.7854 

11 

2290745 

4175.8366 

33 0 

197.9203 

3117.2453 

68 0 

213.6388 

3631.6811 

78 0 

229.3363 

4185.3868 

1 

198.1821 

312,5.4974 

1 

213.8901 

3640.5877 

i ! 

229.5981 

4194.9479 

2 

198.4439 

3133.7605 

2 

214.1519 

3649.5058 

2 

229 8599 

4204.5200 

3 

198.7057 

3142.0344 

8 

214.4137 

8658.4337 

8! 

230.1217 

4214 1029 

4 

198.9675 

3150.3193 

4 

214.6755 

3667 3731 

4 

230.3835 

4223.6968 

5 

199.2293 

3158.6151 

5 

214 9373 

3676.3234 

5 1 

230.6453 

4233.3016 

6 

199.4911 

3166.9217 

6 

215.1991 

3685.2845 

6 ! 

230.9071 

4242.9172 

7 

199.7529 

3175.2393 

7 

215.4609 

3694 2566 

7| 

231.1689 

4252.5438 

8 

200.0147 

3183.5678 

8 

215.7227 

8703.2396 

8 i 

231.4307 

4262.1813 

9 

200.2765 

3191.9072 

9 

215.9815 

3712.2335 

9 i 

231.6925 

4271.8297 

10 

200,5383 

3200.2575 

10 

216.2463 

3721.2383 

10 

231.9543 

4281.4890 

11 

200.8001 

3208.6188 

11 

2165081 

3730.2540 

11 

232.2161 

4291.1592 

M 0 

201.0619 

3216.9909 

69 0 

216.7699 

3739.2807 

74 Q 

232.4779 

4300.8403 

1 

201.3237 

3225.3739 

1 

217.0317 

3748 3182 

1 

232.7397 

4310.5824 

2 

201.5855 

3233.7679 

2 

217.2935 

3757.3666 

2 

233.0015 

4320.2353 

8 

201.8473 

3242.1727 

8 

217.5553 

3766.4260 

3 

233.2633 

4329.9492 

4 

202.1091 

3250,5885 

4 

217.8171 

3775.4962 

4 

233.5251 

4339.6789 

5 

202.3709 

8259.01.51 

6 

218.0789 

3784 5774 

5 

233.7869 

4349.4096 

6 

202 6327 

3267.4527 

6 

218.3407 

3793.0695 

6 

234.0487 

4359.1562 

7 

202.8945 

3275.9012 

7 

218.6025 

3802.7725 

7 

234.3105 

4368.9186 

8 

203.1563 

3284.3606 

8 

218.8643 

3811.8864 

8 

234.5723 

4378.6820 

9 

203 4181 

3292.8309 

9 

219.1261 

3821.0112 

9 

234.8341 

4388.4613 

10 

203.6799 

3301.3121 

10 

219,3879 

8830.1469 

10 

235.0959 

4398.2515 

11 

203 9417 

3309.8042 

U 

219.6497 

3839.2985 

n 

235.3576 

4408.0526 
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TABLE 3 OF CI RCLE»-(Con tinned). 

Dlams In units and twelfths; aa in feet and Inches. 



8 
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CIRCLES. 


TABLE 3 OF CIBCLES-(Continued). 

Diams In unit* and twelfths; as in feet and Inches. 


Dlt. 

Circumf. 

Area. 




Kin. 

Feet. 

MMM 

90 0 

282.7433 

6361.7251 

1 

283.0051 

6373.5116 

2 

283.2669 

6385.3089 

3 

2835287 

6397.1171 

4 

283.7905 

6108.9363 

5 

284.0523 

6420 7663 

6 

281.3141 

6432.6073 

7 

284.5759 

6444.4592 

8 

284 8377 

6456.3220 

9 

285.0995 

6468.1957 

10 

285.3613 

6180.0803 

11 

285.6231 

6491.9758 

01 0 

■285.8849 

6503.8822 

1 

286.1467 

6515.7995 

2 

280.4085 

6527.7278 

3 

286.6703 

6539.6669 

4 

286.9321 

6551.6169 

5 

287.1939 

6563.5779 

6j 

287.4557 

6575.5498 

7 

287.7175 

6587.5325 

8 

287.9793 

6599.5262 

9 

288.2411 

6611,5308 

10 

288.5029 

6623.5463 

11 

288.7647 

6635.5727 

OS 0 

289.0265 

6647.6101 

1 

289.2883 

6059.6583 

2 

289.5501 

6671.7174 

3 

289.8119 

6683.7875 

4 

290 0737 

6695.8684 

5 

290.3355 

6707.9603 

6 

290.5973 

6720 0630 

7 

290.8591 

6732.1767 

8 

291.1209 

6744.3013 

9 

291.3827 

6756.4368 

10 

291.6445 

6768.5832 

11 

291.9063 

6780.7405 

03 0 

292.1681 

6792.9087 

1 

292.4299 

6805.0878 

2 

292,6917 

6817.2779 

3 

292.9535 

6829.4788 

4 

293.2153 

6811.6907 






6 

296.8805 

7013.8019 

7 

297.1423 

7026.1774! 

8 

297.4011 

7038,5638' 

9 

297.6659 

7050.9611! 

10 

297.9277 

7063.3693; 

11 

298.1895 

7075.78841 

05 0 

298.4513 

7088.2184! 

1 

298.7131 

7100.6593 

2 

298.9749 

7113.1112 

3 

299.2367 

7125.5739 

4 

299.4985 

7138.0476 

5 

299.7603 

7150.5321 

6 

300.0221 

7163.0276 

7 

300.2839 

7175.5340 

8 

300.5457 

7188.0513 

9 

300.8075 

7200.5794 

10 

301.0693 

7213.1185 

11 

301.3311 

7225.6686 

96 0 

301.5929 

7238.2295 

1 

301.8547 

7250.8013 

2 

302.1165 

7263.3840 

8 

302.3783 

7275.9777 

4 

302.6401 

7288.5822 

5 

302.9019 

7301.1977 

6 

303.1637 

7313.8240 

7 

I 303.4255 

73264613 

8 

! 303.6873 

7339.1095 


























CIRCULAR ARCS. ITS 



Chord, n b, of whole arc, a db, 

2 X \/radius 2 — (radius — rise) 2 . Fig. 1. 

— 2 X >/ radius 2 — (rise — radius) 2 . Fig. 2. 

— 2 X rise X (2 X radius — rise). Figs. 1 and 2. 
«»2X radius \ siue of % a c l. Figs. 1 and 2. 

riH« 


■ 2 X 


Figs. 1 and 2. 


tangent of a b d.* 

2 X dbg X cosine of abd* Figs. 1 and 2. 

■ 2 X s/d V- — rise 2 . Figs. 1 and 2.g 

■ approximately 8 X - 3 X length of arc a <1 bfl. Fig. L 


Length, a db, 

„ w arc a d b in degrees ™ 

— 2 it radius X - $&} —-• F »g«- 1 ftnfl - • 

.01745 X radius X arc a d b in degrees. Figs. 1 and 2. 


■ circumference of circle — length of tmali arc subtending angle a c b. Fig. 2. 


approximately 


8 X db% — chord a b.** 


Fig. 1. 


* a b d is — of the angle a c b, subtended by the arc. In Fig. 2 the latter angle 
exceeds 180°. 


§ d b “ chord of <i i 6, or of half a d b — \/rise 2 + (% a b) 2 . Figs. 1 and 2. 


f If rise *=- 

multiply the result by 1 If rise 

multiply the resuit by 

.6 chord. 

1.036 1 .25 chord, 

1.0044 

.4 « 

1.0196 I .2 “ 

1.0021 

.333 “ 

1.0114 I .125 “ 

1.00036 

.3 “ 

1.0083 1 .1 “ 

1.00015 

••If rise - 

multiply the result by 1 If rise — 

multiply the result 

.5 chord 

1.012 I .25 chord 

1.0015 

.4 

1.0065 I .2 “ 

1.0007 

.333 “ 

1.0038 I .125 “ 

1.00012 

.3 w 

1.0028 | .1 “ 

1.00005 
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CIRCULAR ARCS. 




Continued from p. 179. 

Rules for Fig. 1 apply to all arcs equal to or less than a semi-circle. 

« “ Fig. 2 “ ** “ or gi eater than a sumi-ctrole. 


Radius, e a, e d, e i or c b, 


i'A Ob)* + iiM» . Kj gJ . j t , 
2 X ris© 

J b 'L , Figs. 1 and 2. 

2 X rise 

_ A ab _, Figs. 1 Mid 1 

sine of y % a c b 

d f _ t Fig ! 

1 — cosine' of ^ a c 6 


_, Figs. 1 and 2. 

slue ot}£bcd\ 

_rise d p t pjg. 

1 f cosine of % a c b f 


Rise, or middle ordinate, d *, 

- radius — >/ radius* — (% a I; ft, Fig. 1. 

-< radius + \/ radius 2 — (V$ u &) 2 » Fig. 2. 

- radius X (l — cosiue of ftcd||), Fig. 1. 

- radius X (1 + cosine of 6cd||),-f Fig. 2. 

. dlfl * , Figs. 1 and 2. 

2 X radius 

- M a b X tangent of a b d,* Figs. 1 and 2. 

- •PP"» 1 '“ tel F 2 >£=L ’ "* *■ 

When radius =* chord a b , the result Is 6.7 parts in 100 too auun 
** “ — 3 X ahord a b, the result is 0.7 parts in 100 too snort. 


Side ordinate, as n *, 

= •/ radius* — e n* + rise — radius, Figs. 1 and 2. 
= .pprolimately Fig- 1 .\ 


• a b d is «■ 34 of the angle acb, subtended by the arc. 

+ Strictly, this should read 1 minus cosine; but the cosines of angles between 
aid 270° must then be regarded as minus or negative. Our rule, therefore, amount* 

to the same thing. ___ 

g d b - chord of d i ft, or of half a d ft, =- V rise 2 + {% a ft) 2 Figs. 1 and 2. 
ifted — half the angle aeft subtended by the arc. In Fig. 2, the latter angl< 
exceeds 180 6 . 

* When radius = chord a 6, this makes d«6.7 parts in 100 too short. 

“ = SX chorda ft, this makes de 0.7 parts in 100 too short 
The proportionate error Is greater with the side ordinates. 
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Angle, acb, inbtended by arc, adb. 


Caution. The following sines, etc., are those of only half acb. 

«***••»- Sh -"* 1 " 41 

Tangent of % acb — — ^ - , Tig. 1; — ^ ' * Tig. X 

6 radius — rise * rise — radius 

rise 

radius * 


To describe the arc of a circle too large for the dividers. 

1st Method. Let a c be the chord, and o b the height, of the required arc, n 



laid down on the drawing. On a separate strip of paper, * e m n, dr* wa c. o 6. and a b 
also b e . parallel to the chord a c. It is well to make 6 s aud b e, each a little longer 
than a b. Then cut off the paper carefully along tne lines s b and b e, so as to leave 
remaining only the strip nabemn. Now, if the straight sides s b aud b e be applied 
to the di awing, so that any parts of them shall touch at the same time the points a 
and 6, or 6 and c, the point 6 on the strip will be in the circumference of the arc, 
and may be pricked off. Thus, any number of points in the arc may he found, and 
afterward united to form the curve. 

M Method. Draw the span a b; the rise rc; and o e, 6 c. From e with radius 



C»• describe a circle. Make each of the arcs o t and i l equal to ro or r i; and draw 
e t, Divide d, cl cr , each into half as many equal pHrta as the curve is to be divided 

Into. Draw the lines 61, 62, 63; aud o4, o5, aC, extended to meet the first ones at 
e *, k. Then e, «, k, are points in one half the curve. Then for the other half, draw 
similar lines from a to 7, 8, • ; and others from 6 to meet them, as before. Trace 
the curve by hand. 
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CIRCULAR ARCS. 


Hi mark. -It may frequently be of um to remember, that la any arc 6 o «, do! 



exceeding 29°, or in other word*, whose chord be is at lead tixteen timet its rise, the 
middle ordinate a o, will be one-hall of a c, quite near enough for many pur¬ 
pose*; b c end 8 e being tangent* to the arc.f And vice vena, if in such an arc we 
make o c equal a o. then will c be, very nearly, the point at which tangent* from the 
end* of the arc will meet. Also the middle ordinate n, of the half arc o b, or 
08 , will be approximately % of ao, the middle ordinate of the whole arc. Indeed, 
this last observation will apply near enough for many approximate one* even if the 
arc be a* great aa 45°; for if in that crso we take M of o a for the ordinate n, n will 
then be but 1 part in 1(J4 too small; and therefore the principle may often be used 
in drawing*, for finding points in a curve of too great radius to he drawn by the 
dividers; for iu the same manner, ‘4 of « will be the middle ordinate for the arc n h 
or no; and so ou to any extent Below will be found a table by which the 
rise or middle ordinate of a half arc can be obtained with greater 
accuracy when required for more exact drawings. 


CIRCULAR ARCS IN FREQUENT USE. 

The fifth column i* of use for finding points for drawing arcs too large for the 
beam-compass, on the principle given above. In even the largest office drawings it 
will not be necessary to use more than the first three decimals of the fifth column; 
and after the arc is subdivided into parts smaller than about 35° each, the first two 
decimals .25 will generally suffice. Original. 


Bln 

in 

parte 

ol 

chord. 

Degrees 
in whole 
aro. 

For rad 
mult rite 

*>y 

For 

length of 
»ro mult 
chord 

i>y 

For rise 
of half 

mult rite 
by 

Rise 

in 

perti 

of 

•hord. 

Degrees 

in whole 

fro. 

For rad 
mult Hue 

by 

1 For 
.length o 
ara mu! 
chord 
*>7 

! 

!fc r| a | 

1-50 

0 

9 

# 

9.75 

313. 

1.00107 

.2501 

Vh 

O 

66 

8 70 

8.5 

1.04110 

.2538 

1-46 

10 

10.76 

253.626 

1.00132 

.2501 

1-7 

68 

46.91 

0.625 

1.05356 

.2549 

1-40 

U 

26.91 

200.5 

1.00167 

.2502 

.155 

68 

53.6T: 

5.70291 

1.06288 

.2557 

1*35 

13 

4.92 

153.025 

1.002H 

.2502 

1-6 

73 

44 3S 

6 . 

1.07250 

.2566 

1-30 

16 

15.38 

113. 

1.00290 

.2503 

.18 

79 

11.73 


1.08428 

.2676 

1-25 

18 

17.74 

78.625 

1.00426 

.2504 

1-5 

87 

12JJ4 

3.626 

1.10347 

.2593 

1-20 

22 

50.54 

50.5 

1.00665 

.2506 

.207107 

90 


3.41422 

111072 

.2599 

1-19 

24 

2.16 

45.825 

1.00737 

.2507 

.225 

% 

54.66 

2.96914 

1.12996 

.2615 

1-18 

25 

21.65 

41. 

1.00821 

.2508 

% 

100 

15.61 

2.5 

1.15912 

.2639 

1-17 

26 

60.36 

36.626 

1.00920 

.2509 

.275 

115 

14 59 

2.15289 

1.19082 

.2665 

1-18 

28 

30.00 

32.5 

1.01038 

.2510 

.3 

123 

51.30 

1.88889 

1.22495 

.2692 

M5 

30 

22.71 

28.625 

1.01181 

.2511 

V, 

184 

45.62 

1.625 

1.27401 

.2729 

1*14 

32 

31.22 

26. 

1.01355 

2513 

.1365 

44 

31.07 

1.43826 

1.32413 

.2766 

M3 

34 

59.08 

21.625 

1.01571 

.2516 

.4 

54 

38.35 

1.28125 

1.38322 

.2808 

M2 

37 

60.96 

18.5 

1.01842 

.2517 

.425 

161 

27.49 

■KKP 

1.42764 

.2838 

1-11 

41 

13.16 

16.625 

1.02189 

.2520 

.45 

167 

56.93 

1.11728 

1.47377 

.2868 

M0 

16 

14.38 

13. 

1.02646 

.2525 

.475 

174 

7.49 

1.05401 

1.52152 

.2899 

W 

50 

6.91 

10.025 

1.03280 

.2530 

.6 

180 


1. 


.2929 


For Rectification of circular arcs, see p 184. 

If radius = 1 mile, 1° = 92.1534 ft; 

V - 1.53589 ft = 18.4307 ins, 
1 " = 0.0256 ft = 0.3072 in. 


4 


*f When arc = 29°, half o c *= 1.016450 X no, 
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TABLE OF CIRCULAR ARCS. No errors. 


Lengths of circular ares. If arc exceeds a semicircle, seep 184. 

































(b) Fig B. On a given circle, to And an arc, O <7, approximately* 
equal to a given atralght line. C E. From a point, C, on the circle, 
draw C E, tangent, of the given length. Make C // - %C E. From H, 
with radius = H E, draw arc E G. Then arc C B G » C E approxi¬ 
mately.* 

Cc). On a given circle, to lay off an arc equal in length to a 

given arc on another circle: first, by (a) find a straight line equal to 
the given arc; then, by (b) lay off the required arc equal to the line so found 

* Prof. W. J. M v Rankine, Philosophical Mag., Vol. 34, Oct. and Nov., 1867 
The error increases with the fourth power of the angle; but, in an arc of 
60 degrees, the error is only about 4 minutes. 


e>3 !i 
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LENGTHS OF CIRCULAR ARCS TO RADIUS 1 

= Arcs in radians. See p. 07, 0. 


Deg. 

Length 

Deg. 

Lengtli 

Min 

Length. 

Sec. 

Length. 

1 

.0174533 

61 

1.0646508 

1 

.0002000 

1 

.0000048 


.0349060 

62 

1.0821041 

1* 

0005818 

2 

.0000097 

3 

.0523500 

63 

1.0005574 

3 

.0008727 

3 

.0000145 

4 

.0608132 

64 

1.1170107 

4 

.0011636 

4 

.0000104 


.0872665 

65 

1.1344640 

5 

.0014544 

5 

.0000242 

6 

.1047108 

66 

1.1519173 

6 

.0017453 

6 

.0000201 

7 

.1221730 

67 

1.1603706 

7 

.0020362 

7 

.0000330 

8 

.1396263 

68 

1.1868230 

8 

.0023271 

8 

.0000388 

9 

.1570796 

60 

1.2042772 

0 

.0026180 

0 

9)000436 

10 

.1745320 

70 

1.2217305 

10 

.0020080 

10 

.0000485 

11 

.1010862 

71 

1.2301838 

11 

.0031008 

11 

.0000533 

12 

.2004305 

72 

1 2566371 

12 

.0034007 

12 

.0000582 

13 

.2268028 

73 

1.2740904 

13 

.0037815 

13 

.0000630 

14 

.2143461 

74 

1.2015436 

14 

.0040724 

14 

OUOOG79 

15 

.2617004 

75 

1.3080060 

15 

0043633 

15 

.0000727 

1G 

.2792527 

76 

1.3264502 

16 

.0046542 

16 

.0000776 

17 

.2067060 

77 

1 3439035 

17 

.0040451 

17 

.0000824 

18 

.3141503 

78 

1.3613568 

18 

.0052360 

18 

.0000873 

10 

.3316126 

70 

1.3788101 

10 

.0055260 

19 

.0000921 

20 

.3400650 

so 

1.3062634 

20 

.0058178 

20 

.0000070 

21 

.3665101 

81 

1.4137167 

21 

0061087 

21 

.0001018 


.3830724 

82 

1.4311700 

22 

.0063005 

22 

.0001067 

23 

.4014257 

83 

1.4486233 

23 

.0066004 

23 

.0001115 

24 

.4188790 

84 

1 4660766 

24 

.0060813 

24 

.0001164 

25 

.4363323 

85 

1.4835200 

25 

.0072722 

25 

.0001212 

26 

.4537856 

86 

1 5000832 

26 

.0075631 

26 

.0001261 

27 

.4712380 

87 

1.5184364 

27 

0078540 

27 

.<1001309 

28 

.4886022 

88 

1.5358807 

28 

.0081440 

28 

.0001357 

29 

5061455 

80 

1.5533430 

20 

.0084358 

20 

.0001406 

30 

.5235088 

00 

1 5707003 

30 

.0087266 

30 

.0001454 

31 

.5410521 

01 

1.5882406 

31 

.0000175 

31 

.0001503 

32 

.5585054 

02 

1.6057029 

32 

.0003084 

32 

.0001551 

33 

.5750587 

93 

1.6231562 

33 

.0005003 

33 

.0001600 

34 

.5034119 

04 

1 6406005 

34 

.0098902 

34 

.0001648 

35 

.6108652 

05 

1.6580628 

35 

.0101811 

35 

.0001697 

3G 

.6283185 

06 

1.6755161 

36 

.0104720 

36 

.0001745 

37 

.6457718 

07 

1.6020604 

37 

0107620 

37 

.0001794 

38 

.6632251 

08 

1.7104227 

38 

.0110538 

38 

.0001 842 

39 

.6806784 

00 

1.7278760 

30 

.0113446 

3!) 

.0001801 

40 

.6081317 

100 

1.7453203 

40 

.0116355 

40 

0001030 

41 

.7155850 

10] 

1 7627825 

41 

.0110264 

41 

.0001088 

42 

.7330383 

102 

1.7802358 

42 

.0122173 

42 

.0002036 

43 

.7504016 

103 

1 7076801 

43 

0125082 

43 

.0002085 

44 

.7670440 

104 

1.8151424 

44 

.0127901 

44 

.0002133 

45 

.7853082 

105 

1.8325057 

45 

.0130900 

45 

.0002182 

46 

.8028515 

106 

1.8500400 

46 

.0133800 

46 

.0002230 

47 

.8203047 

107 

1 8675023 

47 

.0136717 

47 

.0002270 

48 

.8377580 

108 

1.8840556 

48 

.0139626 

48 

.0002327 

49 

.8552113 

100 

1.9024089 

49 

.0142535 

40 

.0002376 

50 

.8726646 

no 

1.0108622 

50 

0145444 

50 

.0002424 

51 

.8001170 

m 

1 0373155 

51 

.0148353 

51 

.0002473 

52 

.0075712 

112 

1.0547688 

52 

.0151262 

52 

.0002521 

r,3 

.0250245 

113 

1 0722221 

53 

.0154171 

53 

.0002570 

54 

.0424778 

114 

1.0896753 

54 

.0157080 

54 

.0002618 

55 

.0500311 

115 

2.0071286 

55 

.0150080 

55 

.0002666 

56 

.9773844 

116 

2.0245810 

56 

.0162807 

56 

.<1002715 

57 

.0048377 

117 

2.0420352 

57 

.0165806 

57 

.0002703 

58 

1 0122010 

118 

2.0504885 

58 

.0168715 

58 

.0002812 

59 

1.0207443 

119 

2 0760418 

50 

.0171624 

50 

.0002860 

GO 

1.0471076 

120 

2.0043951 

60 

.0174533 

60 

.0002909 
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cmc tolar sectors, rings, segments, etc. 

Area, of a circular lector, adbe t Fig. i, 

are a d b 



X radius e a. 
— area of entire circle X 


arc a d 6 in degrees. 
360 


Fir. B. 



Area of a circular ring, Fig. B, 

— area of larger circle, o d, — area of smaller one, a b. 

— .7854 X (sum of diams. cd + a b) X (diff. of diaras. td~ab.\ 

— 1.5708 X tliicknoss c a X sum of diameters c d and a b. 


Vo find the radius of a circle which shall hare the same area 
as a given circular ring e s dab, Fig. B, 


Thaw any radius n r of the outer circle; and from where said radius cuts Ih* 
inner circle at t, draw It at right angles to it. Then will 1 1 be the required radius. 


Breadth, eo-6d,ofa circular ring, Fig. B, 


** \£ difference of diameters c d and a ft. 
w ^ (diameter c d — y/ 1.2732 area of circle a 6.) 

Area of a circular zone abed, 

«• area of circle m n—areas of segments a mb and cad, 

(for areas of tegmenta, see below.) 

A circular lune is a crescent-shaped 
figure, comprised between two arcs a b c 
and a o c of circles of different radii, a <f 
and an. 


Area of a circular lune abco 

= area of segment a b c—area of segment a o c, 
(for areas of segments see below.) 




Circular Segments. 



Fig. D. 



Area of Segment ad bn, Fig. A (at top of page) 

=* Area of Sector a db c— Area of Triangle a b r. 

■= % (Arc adb X radius a c — c n X chord a b). 

Table of Circular Segments, p 187. I) - dlam of circle. 

Ri(|e of seg = RD. Area of seg =* D 2 A. If the seg exceeds a 
semicircle, 

Area *» area of oircle r- area of seg whose rise = (D — rise of given Beg.) 
For chord, etc. see pp 179-180. 
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Table of Area* of Circular Segments, Figs C, D, p 186. 


If = dium of circle; R = Rise / D; A = Area / I) 2 . 


R 

A 

R 

A 

R 

A 

R 

A 

R 

A 

.001 

.000042 

.064 

.021168 

.127 

.057991 

.190 

.103900 

.253 

.166149 

.002 

.000119 

.065 

.021660 

.128 

.058^58 

.191 

.104086 

.254 

.157019 

.00.°. 

000219 

.066 

.022155 

.129 

.059328 

.192 

.105472 

.255 

.157891 

.004 

.000337 

067 

.022653 

.130 

.059999 

.193 

.100261 

.256 

.158763 

.oor> 

.000471 

.068 

.023156 

.131 

.060673 

.194 

.107051 

.257 

.159660 

.00h 

.000619 

.069 

.023660 

.132 

.061349 

.195 

.107843 

.258 

.160611 

.007 

.000779 

.070 

.024168 

.133 

.062027 

.196 

.108636 

.259 

.161386 

.008 

.000952 

.071 

.024680 

.134 

.062707 

.197 

.109431 

.260 

.162263 

.009 

.00113. 

.072 

025196 

.135 

.06:1389 

.198 

.110227 

.261 

.163141 

.010 

.001329 

.073 

.025711 

.136 

.064074 

.199 

.111025 

.202 

.161020 

.011 

.001533 

.074 

.026230 

.137 

.064761 

.200 

.111824 

.263 

.164900 

.012 

.001746 

075 

.026761 

.138 

.065449 

.201 

.112625 

.264 

.165781 

.013 

.001969 

076 

.027290 

.139 

.066140 

.202 

.113427 

.265 

.166663 

.014 

.002199 

.077 

.027821 

.140 

.066833 

.203 

.114231 

.266 

.167546 

.016 

,002438 

078 

.028356 

.141 

.067528 

.204 

.116036 

.267 

.168431 

.016 

.002685 

079 

.028894 

.142 

.068225 

.205 

.115842 

.268 

.169316 

.017 

.002940 

.080 

.029435 

.143 

.068924 

.206 

.116651 

.269 

.170202 

.018 

.003202 

.081 

.029979 

.144 

.069626 

.207 

.117460 

.270 

.171090 

.019 

.003472 

082 

.030526 

.145 

.070329 

.208 

.118271 

.271 

.171978 

020 

.003749 

.083 

031077 

.146 

.07K>34 

.209 

.119084 

272 

.172868 

.021 

.004032 

.084 

.0316 50 

.147 

.071741 

.210 

.119898 

.273 

.173758 

.022 

.004322 

.085 

032186 

.148 

.072450 

.211 

.120713 

.274 

.174650 

.023 

.004619 

.086 

.032746 

.149 

.073162 

.212 

.121530 

.275 

.176542 

.024 

.004922 

.(>87 

.033.108 

.150 

.073875 

.213 

.122348 

.276 

.176436 

.026 

.005231 

.088 

.033873 

.161 

.074590 

.214 

.123167 

.277 

.177330 

026 

.005546 

.089 

.034441 

.152 

.075307 

.215 

.123988 

.278 

.178226 

027 

.005867 

.090 

.035012 

.153 

.076026 

.216 

.124811 

.279 

.179122 

.028 

.006194 

.091 

.035586 

.154 

.076747 

.217 

.125634 

.280 

.180020 

.029 

.006527 

.092 

.036162 

155 

.077470 

.218 

.12t)459 

.281 

.180918 

.030 

.006866 

.093 

.036742 

.156 

.078194 

.219 

.127286 

.282 

.181818 

■031 

007209 

.094 

,0373a* 

.157, 

.078921 

.220 

.128114 

.283 

.182718 

.032 

.007569 

.095 

.037909 

.158 

.079650 

.221 

.128943 

.284 

.183019 

D33 

.007913 

.096 

.038497 

.159 

.080380 

.712 

.129773 

.285 

.184522 

.034 

.008273 

.097 

.039087 

.160 

.081112 

.223 

.130605 

.286 

.185426 

.035 

.008638 

.098 

.039681 

.161 

.081847 

.224 

.131438 

.287 

.186329 

.036 

.009008 

.099 

.040277 

162 

I .082582 

.225 

.132273 

.288 

.187235 

.037 

.009383 

.100 

.040875 

1(53 

.083320 

.226 

.133109 

.289 

.188141 

.038 

.009764 

.101 

.041477 

.164 

.084060 

.227 

.133946 

.290 

.189048 

039 

.010148 

.102 

.042081 

.165 

.084801 

.228 

.134784 

.291 

.189966 

.040 

.010538 

.103 

.042687 

.166 

.085545 

.229 

.135624 

.292 

.190865 

041 

.010932 

.104 

.043290 

.167 

.086290 

.230 

.13(465 

.293 

.191774 

.042 

.011:131 

.105 

.043908 

.168 

.087037 

.231 

.137307 

.294 

.192685 

.043 

.011734 

.106 

.044523 

.169 

.087785 

.232 

.138)51 

.295 

.193597 

.044 | 

.012142 

.107 i 

.045140 

.170 

.088536 

.233 

.138996 

.296 

.194609 

.045 ! 

.012555 

.108 1 

.045759 

.171 

.0892X8 

.234 

.139842 

.297 

.196423 

.046 

.012971 

.109 

.040381 

.172 

.090042 

.235 

J40689 

.298 

.196337 

.047 

.013393 

.110 

.047006 

.173 

.090797 

.236 

.141538 

.299 

.197252 

.048 

.013818 

.111 

.047033 

.174 

.091555 

.237 

1 .142388 

.300 

.198168 

.049 

.014248 

.112 

.048262 

.175 

.092314 

.2:18 

! .143239 

.301 

■199085 

.050 

.0146811 

.113 

.048894, 

.176 | 

.093074 

.239 

1 .144091 

.302 

.200003 

.051 

.0151191 

.114 

.049629 

.177 

■093837 

.240 

.144945 

.303 

.200922 

.062 

.015561 

.115 

.050165 

.178 

.094601 

241 

.145800 

.304 

.201841 

.053 

.016008 

.116 

.050805 

.179 

.095367 

.242 

.146656 

.1105 

.202762 

.054 

.016458 

.117 

.051446 

.180 

.096135 

.243 

.147513 

.306 

203688 

.055 

.016912 

.118 

.052090 

.181 

.096904 

.244 

.148371 

.307 

.204605 

.056 

.017369 

.119 

.052737 

.182 

.097675 

.246 

.149231 

.308 

.205628 

.067 

.017831 

.120 

.053:186 

.183 

.098447 

.246 

.160091 

.309 

.206462 

.068 

.018297 

.121 

.054037 

.184 

.099221 

.247 

.160953 

.310 

2207376 

.059 

.018766 

.122 

.054G90 

.185 

.099997 

.248 

.151816 

.311 

.208302 

.060 

.019239 

.123 

.055346 

.186 

.100774 

.249 

.152681 

.312 

.209228 

.061 

.019716 

.124 

.056004 

.187 

.101553 

.250 

.153546 

.313 

.210165 

.062 

.020197 

.125 

.056664 

.188 

.102:134 

.251 

.154413 

.314 

.211083 

■063 

.020681 

.126 

.067327 

.189 

.103116 

4252 

.155281 

.315 

212011 


Continued on next page. 
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Table of Areas of Circular Segments, Figs C, D, p 108. 

Continued. 


D = diam of circle; R =» Rise / 1); A = Area / D 2 . 


R 


R 

A | 

B 

A 1 

■ 1 

A 

R 

A 

.310 

.212941 

.353 

.247845 

•390 

.2835931 

.427 

.819959 

.464 

.366730' 

.317 

.213871 

.364 

.248801 

•391 

.284569 ! 

.428 

.320949 

.465 

.357728 

.318 

.214802 

.365 

.249758 

•392 

.285545 1 

.429 

.321938 

.466 

.358725 

.319 

.216734 

.356 

.250715 

4193 

.286521 

.430 

.3*22926 

.467 

.3597*23 

.320 

.210666 

.357 

2251673 

•394 

.287499 

.431 

.323919 


.3(0721 

.321 

.217600 

.358 

.26263.- 

•395 

.288476 

.432 

.3241109 

.469 

.361719 

.322 

.218534 

.359 

•253591 

•396 

.289454 

.433 

.3259(H) 

.470, 

362717 

.323 

.219469 

.360 

.254551 

■397 

.290432 

.434 

.326891 

.471 

.363716 

.324 

.220404 

.361 

.255511 

•398 

.291411 

.485 

.327883 

.472 

.364714 

2526 

.221341 

.362 

2256472 

•399 

.292390 

436 

.328874 

.473 : 

.366712 

.326 

.222278 

.363 i 

.267433 

400 

.293370 

.437 

.329866 

.474 

.366711 

.327 

.223216 

.364 

; .258396 

•401 

.294350 

.438 

.330858 

.475 

' .367710 

2128 

.224164 

.365 

! .259358 

402 

.295330 

.439 

.331861 

.476 

.368708 

*329 

.225094 

.366 

.260321 

•403 

.296311 

.440 

.332843 

.477 

.369707 

.330 

.226034 

367 

.261285 

404 

.297292 

441 

.333836 

.478 

.370706 

2531 

.226974 

.368 

.262249 

•405 

.298274 

.442 

.334829 

.479 

.371705 

*832 

.227916 

.369 

.263214 

406 

.299266 

443 

.336823 

.480 

.372704 

.333 

.228858 

.370 

.264179 

407 

.300238 

444 

.336816 

.481 

.373704 

.334 

.229801 

371 | 

.265145 

4o8 

.301221 

.445 

.337810 

.48*2 

.374703 

.336 

.230745 

.372 1 

.266111 

•409 

.302204 

.446 

.338804 

.483 ! 

.375702 

*336 

.231689 

.373 ] 

.267078 

410 

.303187 

447 

.339799 

.484 

.376702 

.337 

.232634 

.374 

.26Hl4t 

411 

.304171 

448 

.340793 

.486 

377701 

2538 

.233580 

.375 

.269014 

412 

•305156 

.449 

.341788 

.486 ■ 

.378701 

2539 

.234526 

.376 

.269982 

413 

.30614(1 

.450 

.342783 

.487 

.379701 

*340 

.235473 

.377 

2270951 

•414 

.307125 

.451 

.343778 

.48K 

.380700 

2541 

.236421 

.378 

.271921 

415 

.308110 

.452 

.344773 

.480 

.381700 

2542 

.237369 

.379 

.272891 

416 : 

.30909" 

.453 

.345768 

.490 

.382700 

2543 

.238319 

.380 

.273861 

417 1 

•310082 

.464 

.346764 

.491 

.383700 

.344 

.239268 

.381 

.274832 

•418 ! 

.311068 

.465 

.347760 

.492 

384699 

2545 

.240219 

.382 

.275804 

•419 j 

.312055 

456 

.348756 

.493 

.385699 

.346 

.241170 

383 , 

2276776 

420 

.313042 

.457 

.34975*2 

.494 

.386699 

.347 

.242122 

.384 1 

.277748 

.421 

.314029 

458 

.350749 

.495 

387699 

2548 

.243074 

.385 

.278721 

.422 

316017 

.459 

.351745 

.496 

.388699 

.349 

.244027 

.386 

.279695 

.423 

.316005 

.460 

352742 

.497 

.389699 

.360 

.244980 

.387 , 

.280669 

.4'24 

.316993 

.461 

.353739 

,49s 

l .390699 

.361 

.245935 

.388 | 

.281643 

.425 

.317981 

.462 

.354736 

.499 

1 .391699 

2562 

.246890 

.389 | 

.282618 

.426 

.318970 

.463 

.355733 

.500 

! .392699 


THE ELLIPSE 



The ellipse, Fig !, ABA' B', is the curve formed by the inter- 
:tion of a plane with the curved surface of a cone or cylinder 
m which it pusses completely and without cutting its base. The 
me, “ellipse”, is applied also to the plane fit/nrr enclosed by said 
rve, which curve is then called the circumference or periphery of 
i ellipse. When the cutting plane is perpendicular to the axis 
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of the solid (e = 0), the ellipse is a circle. When the plane touches 
the side of the solid (e = 1), the ellipse is a straight line. 

A diameter. Figs 2 and 3, is any chord passing thru the center, 
O. Each diam is bisected at the center. An axis, A A' or BB', 1b 
a dinm dividing the figure symmetrically. The major axis passes 
thru the foci, F,F t , Fig 3. The vertices, A, A/, B,B', are the ex¬ 
tremities of the axes. 


Figs 2-4. 0 = 

a — 

b = 

Fig 2. y.y' = 

T — 

x’ — 

Fig 3. F, F’ = 

2 c = 

V = 

P = 

L — 

Fig 4 r, t* = 

ft, 6’ = 

8 = 


the center of the ellipse; 

0 A = 0 4' = the major or transverse 

semi-axis; 

OB = 0 B’ — the minor or conjugate 

semi-axis; 

V U, V V ‘ = the ordinate over a point, 

I’, V', in an axis : 

0 V = the distance of y from the center, 0 ; 
A' Y = a — x = dist of y from the ver¬ 
tex, A'; 

the foci of the ellipse; 

OF = 0 F' =? a e 

dist from center, O, to either focus: 

F F’ — the focal dis tance; 

c/a — >/(a 2 — h 2 )/a- — the eccentricity; 

F'U — the ordinate over either focus: 

V IJ' = 2 Y = parameter or latus rectum ; 

A B A'li'A — the circumference or periphery: 
focal radii or radius vectors = dists, F O, 
F'G ; or F K, F'K : 

the angles, G F A', G F'A ; or K F A', KF'A ; 
the area of the ellipse; 


Equations. Fig 2 

(a) Origin of co-ordinates at con, O : x = 0 V; y — V V. 
(j-'-'/n 2 ) -f (y-/b 2 ) = 1 ; whence 

x = ± ( a/b) V b- — y-: y — ± {b/a )\a- — x- .< 1) 

y 2 = in + x) (a — x) b 2 /a 2 .(2) 

(b) Origin taken at a vertex, .4', of major axis, .4 A'; x' = .4'F. 
Here, in Eq 1, x — a — x'; y — ± {b/ a) ^2a x' — x' s 

x’ — a — x = a -+ (a/b) Mb 2 — y- . (3) 

Ordinates. Vf’ 2 : AV.V.t' — b- • a 2 : 

VV 2 : V'V' s = AY. TM' : AY’ . V’A ' .(4) 


Foci. Fig 4. The normal. P X. to a tangent, T T, thru any 
point, K, in an ellipse, bisects the angle. FKF', bctw the focal radii, 
KF and KF', of the point K. Hence, a ray (as of light), emitted 
from either focus, is reflected back to the other. The bisectors, PX, 
give the positions of the joints In an elliptic arch, and enable us 
to draw a tangent, TT, (at right-angles to the bisector) at any 
point in the ellipse. 

Fig 3 Let K and B be any two points In the ellipse. Then 
KF + KF' = BF -f- BF' = major axis, .1.1' := 2a ..(5) 

Or, the ellipse is the locus of a point, the sum of whose distances 
from two fixt points is constant and equal to the major axis. 

Hence, to locnte the foci; from either end, as It, of the minor 
axis, lay off BF und BF', each = a, to the major axis, AA'. 

To draw un ellipse, Fig 4. having AA' and BB’; (a) Place a 

pin In each focus, located as above. Prepare a string, FKF' or FGF', 
with a loop at each end (length of string, from end to end of loops, 
= 2«), and place a loop over each pin v Then a pencil, beginning 
as at A\ and keeping the string constantly and equally stretched, 
will describe the ellipse, K G B A B'A'K. But the string may stretch 
cneonnilv. Hence:— 
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Fig. 7 


(b) On a graduated straight-edge, M-a, take M-a = a, and M-b 
= b. Then, in whatever position the straight-edge is placed, keep¬ 
ing b on AA', and a on BB § , M will be in the ellipse. 

The ellipsograph (elliptic compasses) employs this principle. 

(c) From F and from F’, with any radius, K, less than AF‘, 
describe four short arcs, q q q q; and, with rad — 2 a — B, four 
other arcs, iiii. The intersections of these pairs of arcs are points 
in the ellipse. Find other such points by choosing other radii. 


Kecentricity, e = c/a = V(o J — b‘)/a- . (6> 

a (1 - (?) a (1 — c 2 ) 

Polar equation:— r rr--— ; r' r - .(7) 

1 — c cos 6 1 — c cos V 

The directrix, F.C, is a line such that, for any point, C. in the 
ellipse, dlstaut p from EC, and with focal radius r' ~ F'O, we 

have F/p = r.(8) 

Parameter. Fig 3. For the ordinate, V = F'lJ, over a focus, 
F', we have ** = OF' 2 = F'Ii s — OIF = a 2 — b -; and (eq 1) 

V ~ lf-/a .(9) 

Parameter, TJJJ' = 2 3= 2 b-/a = 2 tic — 2<i(l —c 2 ) ..(10) 
where d — distance from focus to directrix. 


Periphery or Circumference. I^et (c 2 >/4 — “II"; 

(Z r?/ 16) X II = “III*’; (15f*/3«> X III = “IV"; 

(35 e 2 /64) X IV = “V". etc. Then — 

L = 2 it a (unity — II — III — IV — V — etc).(11) 

where (— II>/unity = (- c-y4)/(-f 1) = ( — W ) e*: 

( — HI>/( — III = ( -f */m) r ‘ l \ etc. 

Note that, in any given ellipse, is constant, and that, in the 
fractions, ( — i / i ), 3 /i«. ls /m> * s /w. etc, we have:— 

Numerators, (35-15) - (15- 3) = (15- 3) - (3 — 1) = 8 

Denominators, (04 - 36) - (36-10) = (30-10) - (10 - 4) 

= (10- 4) - (4 - 0) = 8 

Denom-Num, (64-35) - (30-15) = (30-15) - (16- 3) 

= (10- 3) - (4- -1) =8 


Or, eq (11) may be written thus:— 

L = 2 ir a (1 — A e 1 — Be* — c e 1 — D e* — etc) .(12) 


1 

/1\* 

1 

1 , 

/I X 3 X 5\ 2 5 

Where A = - 


- ; 

C' = - 1 

--) -- . 

1 

w 

4 

5 1 

\2 X 4 X 6/ 256 

B= i, 

/I X3’ 

)' = i. 

1 

D — - 

/I X 3 X 5 X 7 \» 175 

3 1 

U X 4, 

' 64 

7 

\2 X4X6X8/ 16384 
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Fig. 5 Fig. 6 


L 


(»q 

<>q 


Approximately:—(from Sir Thomas Muir. F R. S.) 
r ( a -f b _ 6 a b \ 

= - 21 --r ?J VT&-). 

b \ - « + b} 

For an ellipse where a — 10 and b = 5, 

(11) gives L = 48.4422 after deducting term “XXIV”: 
(13) gives L = 48.4420 = 1.000008 X 48.4422 


(13) 


Aren of ellipse, 

8 = V 7r a 2 . 7r b 2 — v a b 

= ra*(b/a) — (area of circle of rad a) X (ft/a) ..(14) 


Radiu s, R , of circle whose area = area, S, of ellipse, 

R = Vaii .(15) 


Aren, 8s, of an elliptic segment whose base is parallel to either 
axis Divide height of segment by that axis of which said height 
is a part. Find the quotient under It, in the table of circular seg¬ 
ments, pp 187-8, and take out the corresponding A. Then 

88 = 2 a X 2b X 1 = 4 ah A .(16) 

The area of an elliptic segment included between two 
chord*, each parallel to either axis, is the diff betw the areas of 
two segments, each found as above. 

To draw an oval, or false ellipse. Fig When only the long 
diain, ah, is given, and when span must not exceed about 3 X co. 
On (ib, with any radius, It, describe two equal intersecting circles. 
Thru their Intersections, 8 and v, draw <*//. Make sy = ve = 2 R. 
Thru the cens of the circles draw cy, ch, yd and yt. From c, 
describe arc hiy; and, from y, describe dot. „ 

Fig C. When the span, m», and the rise, at, are given. Lay off 
any iir and mr, equal and each less than at. Draw and bisect rie, 
and, thru its cen, o, draw the perpendicular, yoi. Draw yrz. Make 
nx — mr, and draw yxh. From x and from r, describe the arcs, 
nc and ma; and from -y describe the arc ate. Making 8d = sy, 
we find the cen, d, for the other half of the oval. The shape of 
the curve depends upon what portion of si is taken for mr and tu\ 
Very flat ovals require more than four cons: and the finding of these 
cens is quite as troublesome as drawing a true ellipse. 

Fig 7. On a given line, as or df, to draw a “cymn” or “ogee”, 
ac8 or def. The eyma recta, acs, is concave above; the cyma 
reversa, def, Is concave below. 

Bisect as in c. From a, c and a, with radius = (aa )/2 = ac 
= cs, draw the four small arcs at o and o. The intersections, o 
and o, are the cens for drawing the cyma, with the same radius. 
For def, rad = (df )/2 = de — cf. 
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THE PARABOLA. 

b 


o a c 

Fig. 1. Fig. 2. 

The common or conic parabola, 

> b c, Fig 1, li a curve formed by cutting a cone la a direction b a, parallel to its aide. Tb* 
mrved line o b c Itself is called tlieperimeter of the parabola; the hue o c is called its bane ; b a Its 
might or axil ; 6 Its apex or vertex; any line e i, or o a, Fig a, drawu from the curve, to, and at right 
ingles to, the axis, Is an ordinate; aud the part • 6, or a b, of the axis, between the ordinate and the 
ipex b, is an abiclna. The /ocui of a parabola is that point in the axis, where the abscissa b », it 
equal to one-half of the ord e e. The diet front apex to focus, called the focal diet, is found thus 
iquare any oid, as o a; div this square bt the abscissa 6 a of that ord; div the quot by 4. The 
mure of the parabola is such that its abscissas, as 6 », b a, &c, are to each other as, or in proportion 
io, the squares of their respect!veords e >,o a, &o; that is, as 6* : b a :: ei* : o a*; or 6« : es* 6a: 

> a 1 . if the square of any ord be divided by its abscissa, tbe quot will be a constant quantity; that 
a, it will be equal to the square of any other ord divided by ita abscissa. This quot or constant quan¬ 
tity is also equal to a certain quantity called tbe parameter of the parabola. Therefore the parameter 
siay be found by squariug e *, or o a, (on e-half of the base,) and dividing said square by the height 
k «. or b a, as the case may be If the square of auy ord be divided by the parameter, the quot wllP 
be tbe abscissa of that ord 




To find the length of n parabolic curve. 

The approximate rule given by various pocket-books, is as follows • 

Length = 2 X V(14 base)* + l'A times the (Height*) 

Where the heightdocs not exceed I -10th of the base, this rule may, for practice 
purposes, be called exact. With ht= % base, it gives about per cent to* 
much; ht = % base, anoui 3H percent; ht= base, about St* per cent; bt = 
twice the base, about percent; ht = 10 X base, or more, about 15t$ percent 
The following by the writer It correct 
within perhaps I part in «U0 iu all oases; and will 
therefoie answer for many purposes. 

Let ad b. Fig 3, or n a d, Fig 4, be the parabola, 
in which are given the base a 6 or n d; and the 
height cdorca. Imagine the complete fig a d b «, 
or n a d b, to be drawn ; and in either ease, assume 
its long dtam a 6 to be tbe chord or base, and one- 
half the short diarn. or c d. to be the height, of a 
circular arc Find the length of this circular arc, 
by means of the rule aud table given Tor tbat pur¬ 
pose. Theu div the chord or bate a 6, or n d of 
tbe parabola, by its height e d or c u Look for 
the quot In the column or bases in tbe following 
table, aud take from the table the corresponding 
multiplier. Mult the length of tbe ciroular arc by 
this; the prod will be the length of arc a d b, or 
n a d, as the oase may be For bases of parabolae 
less than 05 of the height, or grvnter than lOtlmee 
the height, the multiplier is 1, ami is very approx¬ 
imate; or in other words, the parabola will be 
of almost exactly the same length as the circular 
* arc. 

To And the area of a parabola m a n ft. 

Mult its base mn, Fig 5, hy its height a 6; and take J$ds of the pro* 
The area of any segment, as u 6 v, whose base u r is parallel tomn,ll 
found in the same way, usiug w v and * b, Instead of m n and a b. 

To find the area of a parabolic cone, or frna* 
turn, tv* in n u r. 

But* 1. First And by the preceding rule the area of the whole parabell 
mbn; then that of the segment tide; and subtract tbe last from the 
first. 

Bulk 2. From the cube of t» *, take the cube of u v: call the dlflf e. 
From the sqnare of nt n, take the square of si 1 ; sail tbe diffe. Div c bj 
«. Mult the quot by of the height a 




Fig. 6. 
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Fig. 5 Fig. 6 


L 


(»q 

<>q 


Approximately:—(from Sir Thomas Muir. F R. S.) 
r ( a -f b _ 6 a b \ 

= - 21 --r ?J VT&-). 

b \ - « + b} 

For an ellipse where a — 10 and b = 5, 

(11) gives L = 48.4422 after deducting term “XXIV”: 
(13) gives L = 48.4420 = 1.000008 X 48.4422 


(13) 


Aren of ellipse, 

8 = V 7r a 2 . 7r b 2 — v a b 

= ra*(b/a) — (area of circle of rad a) X (ft/a) ..(14) 


Radiu s, R , of circle whose area = area, S, of ellipse, 

R = Vaii .(15) 


Aren, 8s, of an elliptic segment whose base is parallel to either 
axis Divide height of segment by that axis of which said height 
is a part. Find the quotient under It, in the table of circular seg¬ 
ments, pp 187-8, and take out the corresponding A. Then 

88 = 2 a X 2b X 1 = 4 ah A .(16) 

The area of an elliptic segment included between two 
chord*, each parallel to either axis, is the diff betw the areas of 
two segments, each found as above. 

To draw an oval, or false ellipse. Fig When only the long 
diain, ah, is given, and when span must not exceed about 3 X co. 
On (ib, with any radius, It, describe two equal intersecting circles. 
Thru their Intersections, 8 and v, draw <*//. Make sy = ve = 2 R. 
Thru the cens of the circles draw cy, ch, yd and yt. From c, 
describe arc hiy; and, from y, describe dot. „ 

Fig C. When the span, m», and the rise, at, are given. Lay off 
any iir and mr, equal and each less than at. Draw and bisect rie, 
and, thru its cen, o, draw the perpendicular, yoi. Draw yrz. Make 
nx — mr, and draw yxh. From x and from r, describe the arcs, 
nc and ma; and from -y describe the arc ate. Making 8d = sy, 
we find the cen, d, for the other half of the oval. The shape of 
the curve depends upon what portion of si is taken for mr and tu\ 
Very flat ovals require more than four cons: and the finding of these 
cens is quite as troublesome as drawing a true ellipse. 

Fig 7. On a given line, as or df, to draw a “cymn” or “ogee”, 
ac8 or def. The eyma recta, acs, is concave above; the cyma 
reversa, def, Is concave below. 

Bisect as in c. From a, c and a, with radius = (aa )/2 = ac 
= cs, draw the four small arcs at o and o. The intersections, o 
and o, are the cens for drawing the cyma, with the same radius. 
For def, rad = (df )/2 = de — cf. 
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MENSURATION. 


an, 


The Cycloid, 

cb, is the curve described by a point a in the circumference of a circle, 
during one complete revolution of the circle, rolled along a straight line 
ab\ which is called the base of the 
a jL b cycloid. 

The vertex of the cycloid is at c. 
Bane, a fc, = circumference of geuei at- 
ing circle a it 

— diameter, cd, of generat¬ 
ing circle X w = -t.HlGcd. 

Axis, or height, cd — an. 
Length, acb, = 4cd. 



Area, acbd-lix area of generating circle, a n 
= s'-'jp = c.P X J* = r<P X 2.S562. 

Center of gravity of sui/acf. at g. c g — c d. Center of gravity ol 
cycloid (curved line acb) in axis c d at a point (as a) distant ^ c d from c. 

To draw a tangent, eo, from any point « in a cycloid ; draw e. s at right 
angles to the axis c d ; on cd describe the generating circle d ct ; join tc\ from 
e draw e o parallel to l c. The cycloid is the curve of quickest descent; 
so that a body would fall from’ ft to r along the curve bm c, in less time than 
along the inclined plane 6 i c, or any other line. 


SOLIDS. 

THE REGULAR BODIES. 


A regular body, or regular polyhedron, is one which has all its 

sides, and its solid angles, respectively similar and equal to each other. There 
are but five such bodies, as follows: 


Name. 

Bounded by 

Surface 

(=sum of surfaces 
of all the faces). 

Multiply the square 
of the length of 
one edge by 

Volume. 

Mul tipi v the 
cube of the 
length of one 
edge by 

Tetrahedron. 

4 equilateial triangles. 

1.7320 

.1178 

Hexahedron or cube 

6 squaies. 

6. 

1 . 

Octahedron. 

8 equilateral triangles. 

3.4641 

.4714 

Dodecahedron. 

12 “ pentagons. 

20.6458 

7.6631 

Icosahedron....... 

20 “ triangles. 

8.6602 

2.1817 


Goldinas’ Theorem. To find 
Fig. A. Fig. B. 



the volume of any body (as the 

irregular mass a hem. Fie A, or the ring 
abem, Fig B), generated by a complete 
or partial revolution of any figure (as 
abca) around one of its sides (as ac, 
Pig A), or around any other axis (as 
ey. Fig B). 

volume — surface abcnX length 
of arc described by iis center of grav¬ 
ity G. 

If the revolution is complete, the arc 
described is = circumference = radius 
o G* X 2jt = radius o (J* X 6.283186; and 

Volume - surface nbcaX radius 
«G*X 6.283186. 


If the revolution is incomplete, 

complete . incomplete .. circumference . arc 
revolution * revolution ' ‘ found as above ' described 


• Measured perpendicularly to the axis of revolution. 
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PARALLELOPIPEDS. 



Fig. I. Fig. 2. Fig. 3. Fig 4. 

A parallelopiped is any solid contained within six sides, all of which are 
parallelograms; and those <>f each opposite pair, parallel to each other. We 
show but four of them ; corresponding to the four parallt lograins; namely, the 


sometimes called “ rhomb ’’; the Rhombic prism, Fig 4 ; its faces, rhombuses, or 
rhomboids, em-h pair of opposite faces equal, but not all its faces equal. All 
narallelopipeds are prisms. 

Volume of any _ aieaof any face, v perpendicular distance, p, 
parallelepiped “ «“ - A 1,1 fhA fnn«. 


Volume of u cube 


as a, ' x to the opposite face. 

= cube of length of one edge, 

= 1.909859 X volume of inscribed sphere, 
= 1.27324.X “ “ cylinder, 

3.81972 X “ “ cone. 


cube. 


Diagonal of a cube = diameter of circumscribing sphere, 
— 1.7320508 X length of one edge of 


PRISMS. 

A prism is any solid whose 
two ends are parallel, similar, 
and equal; and whose sides 
are /mralleloqrams , hs Figs 5 
to 10. Consequently the fore- 
i p going |iarallelopiiicds are 
r prisms A j iqht prism is one 
! whose sides are perpendic¬ 
ular to its ends as 5, 6, 7; 
when not so, the prism is 
oblique, as 8, 9,10. When all 
the sides of the figures which 
form the ends are equal, and the angles included between those sides are also 
equal, the prism is said to be regular: otherwise, irregular. 

Volume of any prism (whether regular or irregular, right or oblique) 
«= area of one end X per/iendicular distance, /», to the other end, 

-* area of cross section perpendicular to the sides X actual length, a b, FigB 
5 to 10, 

— 3 X volume of pyramid whose base and height are ■= those of the prism- 


[XI 





To find the volume of any frustum 
of any prison. 

Whose cross section, perpendicular to its sides, 
is either any triangle^ any parallelogram; a 
square, (as in Fig 104) or a regular polygon of 
any number of sides; no matter how the two 
ends of the frustum may be inclined with regard 
to each other : or whether one, or neither of 
them, is parallel to the base of the original 
prism. 



Volume 
of frustum 


sum of lengths of parallel edges, 
1 1 -f 0 + 3 3 +44 
number of suoh edges 
(4 in Fig 104) 


Figs. 104. 

area of cross section 
X perpendicular 
to such edges. 
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MENSURATION. 


This rule may be used for ascertaining beforehand, the ouantity of earth to 
be removed from a “borrow pit.” The irregular surface or the ground is first 
itaked oat in squares; (the tape-line being stretched horizontally, when meas¬ 
uring off their sides). These squares should lie of such 
_5 a size that without material error each of them may be 

Cr —\ considered to be a plane surface, either horizontal or in- 

/ • \ dined. The depth of the horizontal bottom of the pit 

• \ being determined on, and the levels being taken at every 

« J>b corner of the squares, we are thereby furnished witli the 

o 1 -£ lengths of the four parallel verticafedges of each of the 

resulting frustums of earth. In Figs \0 l / 4 , y uiaj be su - 
Fig. 10%. posed to represent one of these frustums. 

If the frustum is that of an irregular 4-sided, or polyg¬ 
onal prism, first divide its cross section pernendicular to its sides, into tri¬ 
angles, by lines drawn from any one of its angles, as a, Fig mb'. Calculate tV 
ar--a of each of these tiiangles separate!} , then consider the entire frustum to 
os. be made up of so many triangular ones; <aleulatc the volume 

VcX of each of these by the preceding rule for triangular miniums; 

ysA and add them together, for the volume of the entire trustum. 

y Ik Volume of any frustum of any prUm, 

\ m 0r of a cylinder. Consider either end to lie i he base; and find its 
_■ _ area. Also find .he nter of gravity <• of tiie other end. and the 

n jxrjiendicvlai disianee n c, from . he base to said center ot gravity. 

Fig. 10%. Then Volume of frustum - aiea of base \n c, Fig fl)%. 
The slant end, e, is an ellipse. Its area is greater than that ol the circular en I 
Surface of any prism, Figs 5 to 10, whether right or oblique, regular 
!>r irregular 

- t circumference measured . actual Inurth nh\ . "f the areas 
Vperpeudicular to the sides ncinai tengtn, at>) <)f lh(> jWf> 

CYLnilEKK. 

D b _ A cylindei is any sol’d whose ends are 

/ C paralfel, similar, mid equal cm ml figures; 
/ A and whoso sections jiarallei to the ends 
/ / \ are everywhere the same as the ends. 

7 •... / D I/ene.* there are circular oylind rs, eliip- 
“ tic cylinders 'or cvl ndrnids) and many 
/ '■ /o others; hut w hen not otherwise ex pressed, 

/ / the circular one is understood A nqht 

a/ / cylinder is one wlv se ends are perpen- 

,, -dicular to its sides,as Fig 1 1 ; when other- 

11 • Fig.12. wise, it is oblique, as Fig 12. If the ends 

, .. ... ... „ of a right circular cylinder be cut so as to 

make it oblique, it becomes an elliptic one; because then l«»th its ends, and all 
seel ions parallel to them, are ellipses An oblique circular cylinder seldom 
occurs: it may b»* conceived of by imagining the two ends of Fig 12 to be circles, 
united by straight lines forming its curved sides ’ 

A cylinder is a prism having an infinite number of sides. 

Volume of any cylinder! whether circular or elliptic, Ac, right or oblique 
— area of one end X perpendicular distance, p, to the other end, 

_/ area of cross section . ,, .. . 

I measured perp to the sides * ac lia a h, Figs 11 and 12, 

3 X volume of a cone whose base and height are «• those of the cylinder, 
snrracc of any cylinder (whether circular or elliptic, &c, right or obliouei 

( circumference \ 

measured jverpendicularly X actual length, a b I + 8u J n .i . nreas 
to the sides, as at c o, Fig 12, / of the tw0 ends. 


Rig;ht circular cylinder whose height = diameter. 

Volume =1JY volume of inscribed sphere. 

Curved surface = surface of inscribed sphere. 

Area of one end — | surface <>f inscribed sphere -= $ curved surface. 

Entire surface ** 1J X surface of inscribed sphere = 1J x curved surface. 
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Contents for one foot tnrfenirth, in Cub Ft, and in U. S. Gallons ol 

*31 ouh Ins, or 7 4805 flails to a Cub Ft. A cub ftof water welsh* about 6JH lb*; and a galloi 
about SX lbs D lit mu S, 8, Or 10 tinea m create give 4, 9, or 100 times the oontent. 


Ins 


ForHt. in 
length. 



For 1 ft In 
length. 

Diam. 

In 

Ini. 


For 1 ft. In 
length. 

In dec! j 
malsof i 
a foot. 

|« . 

JS 3 9 

gji 

°a 

in 

Ins. 

1 

in deci¬ 
mals of 
a foot. 

« a 

lie 

iU 

“3 

t~ si 
o a 

g.d 

5" 

in deci¬ 
mals of 
a foot. 

Isc 

si* 

“3 

eg 

g JS 
1* 

H 

0208 

.0003 

.0025 

X 

.5625 

.2485 

1 859 

19. 

1.583 

1.969 

14.72 

5-1# 

.0-260 

.0005 

0010 


.5833 

.2673 

1 999 

V, 

1.025 

2.074 

15.51 


1131.1 

.0008 

.0057 ! 

y\ 

6042 

.2867 

2.145 

20 

1.667 

2.182 

16-32 

7-16 

.0365 

0010 

.0078 

i 

.6250 

.3068 

2.295 

A 

1.708 

2 292 

17.1fi 

V 

0117 

.0011 

010-2 

j .6458 

.3276 

2.450 

21. 

1.750 

2 405 

17.92 

y ifl 

.0469 

0017 

0129 

8 

1 .6667 

.3491 

2.611 

A 

1.792 

2.521 

18.8C 

\ 

.0521 

, 0021 

; .0159 

'4 

.6875 

.3712 

2.777 

22 

1.833 

2.640 

19 75 


.0573 

i 002i. 

1 0193 

'/>■ 

1 .7083 

.3941 

2.948 

A 

1.876 

2.761 

20.66 


0625 

; .oo". i 

: 0230 , 

% 

1 .7292 

.4176 

3 125 

23. 

1.917 i 

2.885 

21.58 

i -iA 

.0677 

. .0636 

0269 

9 

.7500 ! 

.4418 

3.305 

A 

1.958 

3 012 

22.52 

7 i 

.0729 

.(814-2 

0312 

v t 

7708 

1 .4B67 

8 491 

24. 

2.000 

3.142 

23.51 

15-16 

.0781 

.0018 

.0359 


.791" 

.4922 

3.682 

25. 

2.083 

3.409 

25.5C 

1 

0831 

.0055 

| .0408 

y t 

1 .8125 

.5185 

3.879 

26. 

2.167 

3.687 

27.58 

H 

.1042 

.0085 

i .0638 

10 

1 .8333 

.5454 ' 

4 08} 

27. 

2.250 

3.976 

29.74 

4 

.1250 

.01-23 

, .0918 

V A 

! 8542 

.5730 

4 286 

28. 

2.333 

4 276 

31.95 

% 

; 14.8 

.0167 

! .1249 

v 

.8750 

.6013 

4.49S 

29. 

2.417 

4.587 

34 31 


.1667 

.0218 

! 1632 

% 

i 8958 

.630.3 

4.715 

:$o 

2.500 

4.909 

3672 

'l 

.1875 

0 ;76 

.2066 

ii. 

i .9167 

.6600 

4 937 

31 

2 583 

5.241 

39 21 

V 

2083 

| .0341 

2550 

y 

.9375 

.690:$ 

5 164 

32. 

2.667 

6585 

41.76 

4 

2292 

: 0412 

.3085 

4 

9583 

.7213 

5 39b 

33. 

2.750 

5.940 

44 42 

3. 

.2500 

1 .0491 

.3672 

4 

.9792 

7580 

5.633 

34. 

2 833 

6.305 

47.11 

»4 

2708 

1 0576 

.4309 

12. 

1 Foot. 

7854 

5.875 

35 

2.917 

6.681 

49.96 

K 

.2917 

| 0668 

.4998 

Vo 1.042 

.81*22 

6.375 

$6. 

3 000 

7.069 

52.86 

il 

j 3125 

; 0767 

.5738 

13. 

1 083 

9218 

6.895 

.37. 

3.083 

7.467 

55.86 

4. 

1 .ms 

0873 

.6528 

V, 1.125 

.9940 

7.4-36 

38. 

3.167 

7.876 

58 92 

V t \ 

1 3542 , 

O'<85 

.7369 

14. 

1 167 i 

1.069 j 

7.997 

39. 

3 250 

8 296 

62.06 

A 

3750 

1104 

.8263 

V, 1 208 1 

1.147 1 

8 578 

40. 

3.333 

8.727 

65.28 

% 

.3958 

1231 

.9206 

15. 

1 250 

1.227 ' 

9.180 

41. 

3.417 

9.168 

68.58 

5. \ 

.4167 

.1364 

1.020 

^l.*>2 

1.310 

9 801 

42 

3.500 

9.621 

71.97 


.4375 

.1503 

1.126 

16. 1.333 

1.396 

10.44 

43. 

.3 583 

10.085 

75.44 

y% 

.458.3 

.1650 

1234 

U 1.375 

1485 

11 11 

44. 

3.607 

10.559 

78.95 

% 

.4792 

.1803 

1.349 

17. 

1.417 1 

1 576 i 

11.79 

45 

3.750 

11.045 

82.62 

6. 

.5000 

.196.3 

1.469 

j Vo 1.458 j 

1670 

12 49 

46. 

3 833 

11.541 

86.32 

K 

.5208 

.2131 

1.594 

18. 

1.500 | 

1767 

13 22 

47 

3 917 

12.048 

90.12 

A 

.5417 

.2304 

1724 

’<1.542 ] 
I 1 

1867 

! 

13.96 

48. 

4.000 

12.566 

94.0( 


Table continued, but with the diams in feet. 


Diam 

Feel. 

Cub 

Feet. 

u. s. 

(lulls. 

Diam. 

Feet. 

Cub. 

Feet. 

u. a. 

Calls. 

Diu 

Feet 

Cub. 

Feet. 

u a. 

Calls. 

Dm. 

Feet 

Cub. 

Feet. 

U. S 
Gall 

4 

12 57 

94.0 

7 

38.48 

287.9 

12 

113.1 

846.0 

24 

452.4 

33* 

% 

14.19 

106.1 

A 

41.28 

308.8 

13 

132.7 

992.9 

26 

490.9 

36i 


15.90 

119.0 

A 

44.18 

330.5 

14 

153.9 

1152. 

26 

530.9 

39: 

V, 

17.72 

132.6 

% 

47.17 

352.9 

15 

176.7 

1322. 

27 

572.6 

421 

5 

19.63 

146.9 

8 

50.27 

376.0 

16 

201.1 

1504. 

28 

615.8 

46( 

V 

21.65 

161.9 

A 

56.75 

424.5 

17 

227.0 

1698. 

29 

660.5 

49* 

h 

23.76 

177.7 

9 

63.02 

475.9 

18 

254.5 

1904. 

30 

706.9 

521 

f: 

25.97 

194.2 

A 

70.88 

530.2 

19 

283.5 

2121. 

31 

754.8 

56* 

6 

28.27 

211.5 

10 

78,54 

587.5 

20 

314.2 

2350. 

32 

804,2 

60: 

A 

30.68 

229.5 


8t..59 

647.7 

21 

346.4 

2591. 

33 

855.3 

6:ti 

u 

33.18 

248.2 

11 

95.03 

710.9 

22 

380.1 

2844. 

34 

907.9 

67! 


35.78 

267.7 

A 

103.87 

777.0 

23 

415.5 

3108. 

35 

962.1 

71! 
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CONTENTS AND DININGS OF WELDS. 


CONTENTS AND UNfNfiS OF WEEDS. 

For dlams twice as great as those in the table, for the cub yds of digging, talcs out those, opposite 
one half of the greater diam; and mult them by 4. Thus, foi the cub yds in each foot of depth or a 
well 81 feet in diam, tirst take out from the table those opposite the diam or 15^ feet; namely, 6.989. 
Then 6.989 956 cub yds reqd for the 31 ft diam. But for the stoue lining or walling, bricks 

or plastering, mult the tabular quantity opposite half the greater diam. by 2. Thus, the percheB of 
stoue walling for each foot of depth of a well of 31 ft diam, will be 2.073 X 2 = 4.146. Ir tbe wall is 
more or Ibhs than one foot thick, within usual moderate limits. It will generally lie near enough for 
practice to assume that the number of perches, or of brioks, will increase oi decrease ill the same pro¬ 
portion. 

The size of the bricks 1 b taken at X 4 X 2 inches; apd to be laid dry, or without mortar. Ic 

K raotice an addition of about 5 per cent should be made for waste. The brick lining is supposed to 
1 1 brick thick, or 8>£ ins. 

CAUTION. — Be careful to olaerve that the diams to be used for the digging, 
are greater than those for the walling, bricks, or plastering. No errors. 


Diam. 

in 

Feet. 

j For each foot of dep 

th. 

s use the 
e lining. 


For each foot of depth. 

| For this 
col use the 

For these three col 
diam in clear of tli 

For this ■ 
col use the 

For these three cols use the 
dmui in clear of the lining. 

of the 
Digging. 

Stone 
Liuing 
1ft thick. 
Perches of 
25 Cub Ft.! 

No. of 
Bricks Id 
a Dining 

1 Brick 
thick. 

Square 

in 

Feet. 

of the 
Dittoing- 

Stone : 
Lining l 
1ft thick 
Perches of 
26 Cub Ft 

j No. of 
Bricks in 
a Lining 
; 1 Brick 

1 thick. 

Squsrs 
Yards 
of Plan- 
tenng. 


Cob Yds. 
of 

Digging. 

Yards of 
Plaster- 
lug 

Cub Yds. 
or 

Digging. 

1. 

.0291 

.2513 

57 

.3491 

H 

5 107 

1 791 

750 

4 625 


.0455 

.2827 

71 

.4364 

X 

5 301 

1 822 

764 

4 713 

X 

.0654 

.3142 

85 

.6236 

X 

5.500 

] .854 

778 

4 300 

X 

.0891 

.3456 

99 

.6109 

14. 

5.701 

1 885 : 

792 

4 837 

2. 

.1104 

.3770 

11* 

.6984 

y* 

5 907 

1.916 1 

306 

4 974 

H ' 


.4084 

128 

.7855 

X 

6 116 

1 943 


5 062 

X 

.1818 

.4398 

142 

.8727 

X 

6.329 

1 979 

334 

5 149 




156 

,9i-00 

15. 

6 5*5 

2 on 

349 

5.236 



.5027 

170 

1 047 

v< 

6.765 

2.042 

363 

5.323 



.53*1 

184 

1 135 

X 

6.989 

2 073 


5 411 



.5655 

198 

1.222 i 

H 

7.218 

2105 

891 

5 493 



.5969 

212 

1.309 

16. 

7.447 

2 136 


5 585 



.6283 

227 

1.396 

y* 

7 681 

2.168 

919 

6 673 



.6597 

241 

1.484 

X 

7.919 

2.199 


5.760 




255 

1.571 

X 

8 161 

2.231 

948 

5.847 



.7226 

269 

1.658 

17. 

8.407 

2.282 ' 

962 

5 934 



.7540 

283 

1.745 


8 656 

2 293 

976 

6 022 



.7854 

297 

1.838 

X 

8 908 

2 3-25 

990 

6 109 

X 


.8168 

Sll 

1.920 

X 

9.165 

2.356 


6.196 

H 


.8482 

326 

2 007 

18. 

9 425 

2.388 

1018 

6.283 




340 

2 095 

y* 

9 688 

2 419 

1032 

6 871 




854 

2.182 

X 

9 956 

2.450 

1046 

6 458 

X 



368 

2.269 

X 

10.23 

2 482 

1061 

6 545 



.9739 

382 

2.856 

19. 

10.50 

2.513 

1075 

6 633 

t 



396 

2.444 

y* 

10.78 

2 545 


6 720 



1.037 

410 

2.531 

X 

11 06 

2 576 

1103 

6 807 

X 


1.068 

425 

2.618 

X 

11.35 

2 608 

1117 

6 894 




439 

2.705 

20. 

11.64 

‘2.639 


6 982 




458 

2.798 

Vi 

11.93 

2.670 

1145 

7 069 




467 

2.880 

X 

12.22 

2 702 


7.156 




481 

2 967 

X 

12 52 

2 733 

1174 

7 243 




495 

3.054 

21. 

12 83 

2 765 

1 1188 

7 331 




609 

3.142 

y* 

18.14 

2 796 

1202 

7 418 




523 

3.229 

X 

13 45 

2 827 

1216 

7.505 



1.319 

5b8 

3.316 

h 

13.76 

2.859 

1230 

7.593 




552 

8.404 

22. 

14.08 

2 H90 


7 680 



1.382 

566 

3.491 

H 

14 40 

2 9'22 

1259 

7.767 




580 

3.578 

X 

14.73 



7 354 

X 



594 

8 665 

X 

15 06 

2 935 


7 942 




608 

3.753 

23. 

15 39 



8.029 

11. 



622 

3 840 

V* 

15 72 

3.047 

1315 

8.116 




637 

3.927 

X 

16 06 

3.079 


8.-203 




Ml 

4.014 

X 

16 41 

3 110 


8.291 




665 

4.102 

24. 

16.76 

3.142 






079 

4.189 

y* 


3 173 






693 

4.276 

X 

17.46 

3 -204 






707 

4.364 

X 

17.82 

8.236 


8.640 

• H 

4.729 

1.728 

721 

4.451 

25. 

18.18 

3.267 



IS. 

4.916 

1.759 

736 


A 

!*ib yd 

ft 

c 

M I 

II i 

J. S. galls. 
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CIRCULAR CYLINDRIC UNGULAS. 

I. When the cutting: plane does not cnt the base. Figs 13,14 



Fig. 13. Fig. 14. 

Volume] = area of base o g X ^suraof greatest A least perp heights, on, cm, 
of V_ f area of cross see measd y % sura of greatest and least lengths, 
ungula j \ perp to sides, as x, A ^m,o^,measd along the sides. 

^JI 1 * ) _ ( circmnf measd perp .. half sura of greatest and least lengths, 
surface j t t0 sides, as at x, A gm t o l, measd along the sides. 

Add areas of ends if required. 

For areas of weetions perpendicular to the sides, Bee Circles. 

For area* of sections oblique to the sides, see The Ellipse. 


II. When the cutting: plane touches the base. Figs A to D. 
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PYRAMIDS AND CONES. 


PYRAMIDS AND CONES. 



1 2 :i 4 5 


A pyramid, Figs. 1, 2, 3, is any solid which has, foi its base, a plane figure 
jf any number of sides, and, for its sides, plane triangles all terminating at one 
point d, called its apex, or top. When the base is a regular figure, the pyramid 
is regular; otherwise irregular. 

A cone, Figs. 4 and 5, is a solid, of which the base is a curved figure; and 
which may be considered as made or generated by a line, ot which one end is 
tationary at a certain point (/, called the apex or top, while the line is being 
jarried around the circumference of the base, which may be a circle, ellipse, 
or other curve. A cone may also be regarded as a pyramid with an infinite 
number of sides. 

The axis of a pyramid or cone, is a straight line d o in Figs. 1 , 2,4; and d i in 
Figs. 8 and 5, from the apex d, to the center of gravity of the base. When the 
axis is perpendicular to the base, as in Figs. 1, 2, 4, the solid is said to be a right 
one; when otherwise, as Figs 3,5, an oblique one. When the word cone is used 
alone, the right circular cone, rig. 4, is understood. If such a cone be cut, as at 
11, obliquely to its base, the new base 11 will be an ellipse; and the cone dti 
becomes an oblique elliptic one. Fig. 5 will represent either an oblique circular 
cone, or an oblique elliptic one, according as its base is a circle or an ellipse. 


Volume of pyramid or cone, regular or irregular, light or oblique. 
Volijme «= 34 area of base X perpendicular neight d o, or k. Figs 1 to 5. 

= 34 volume of prism or cylinder having same aiea of base and 
same perpendicular height. 

«= 34 volume of hemisphere of same base and same height. 

Or, a cone, hemisphere and cylinder, of the same base and same height, have 
volumes as 1, 2 and 3. * 

Area of (surface of sides of rigid regular pyramid or right circular cone. 

Area *=* % circumference of base X slant height.* J 

In the cone, this becomes I A(1(1 nrea of b;ise 

Area — —- x slant height. j d icquired. 

radius of base ° I 

Area of surface of oblique elliptic cone, d 1 1 

Fig. cut from a rqjht circular cone, dss. From the jaunt 
c w here t be a xis d o ot the right circu lar cone cuts t he ellipt ic 
base 11 , measure a perpendicular, »•, in any direction, to the 
curved surface of the cone, lajt v - - the volume of oblique 
elliptic cone, dtt\ let a = the area of its ellipt ic base 1 /, aud 
let A = the height d u measured jierpeudicuhuiy to said base. 
Then 

Curved surface =» 

r r 

Add area of base if required 

No measurement has been devised for the surface of an 

oblique circular cone. 

In an irregular pyramid, right or oblique, Miirface area *» sura ol 
areas of sides, each calculated as a triangle, (p 148). Add area of base, if reqd. 


* In the pyramid, this slant height must be measd along the middle of one of ttf 
sides, not along one of the edges. 
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FRUSTUMS OF PYRAMIDS AID OF CONES. 



Fig. 6. Fig. 7. 

In Figs. 6 and 7. 

a — area of top; c = circumference of top; 

.1 = “ 11 base; ('= “ “ base; 

M = “ “ section parallel to, atul midway lielween, base and top; 
h =* height, per]> to top and base; .v = slant height.* 

In Fig. 7, 

r = radius ol top; It = radius of base. 

VoInmoM. 

Frustum nF pyramiil (Fig. fi) or of cone (Fig. 7), regular or irreg¬ 
ular, ngbt or oblique, with base and top patailcl. 

To 1 nine = * (« + .1 + \' / <t 11 = * (« + A + AM). 

Frustum oF right or oblique circular cone. Fig. 7. 

Volume — & v (r a + A* 2 + r II) \ n = 3 1416. 

Surface area of sides. (Add toj> and base, if requned.) 

FniMtnm of right regnlar pyramid or cone, 

top and base parallel, Figs. 6 and 7. 

Area ^ * (c + (').* 

In the right circular conic frustum, this becomes: 

Area — n s (r + R) ;* * = 3.1416. 

Frustum of irregular or oblique pyramid; 

Area — sum of surfaces of sides. 

Each side must be treated as a quadrilateral. 

Add areas of top and base, if required. 


* In the pyramidal frust um, Fig. 6, s must be measd along the middle of ona 
of the tidet, as shown, not along one of the edoej. 





202 


PBJSMOTM. 


PRISHOIDS. 



A prtamold is sometimes defined aaaaolid having for its ends two partita 
plane figures, connected l>y other plane figures oh which, aud through every point 
at which, a straight line may be drawn from one of the two parallel ends to the 
other. These connecting planes may be parallelograms or not, and parallel to each 
other or not. 

Tills definition would include the cube and all other parallelopipeds; 
the prism; the cylinder (considered as a prism having an infinite number of sides)} 
the pyramid and cone (in which one of the two parallel ends, i e the one forming the 
apex, is considered to be infinitely Bmall), and their frustums with top and base 
parallel; and the wedge. 

But the use of the term prlsmoid is frequently restricted to six-sided solids, 
in which the two parallel ends are unequal quadrangles; aud the connecting planes 
trapezoids; as in Figs. 1 and 2; and, by some writers, to caseB where the parallel 
quadrangular ends are rectangles. 

The following “ prismolds! formula” applies to all the foregoing solids, 
and to others, as noted below. 


Let A — the area of one of the two parallel ends 

a — “ “ the other of the two parallel ends. 

M — * “a cross section midway between, and parallel to, ths tut 
parallel ends. 

L — the perpendicular distance between the two parallel ends. 

Own 

Volume -LX 

0 

"LX mean area of cross section. 


The following six figures represents few ot the Irregular solids which fell under tbs 
above broad definition of ,4 prismoid,” and to which the prlsmoidal formula applied 
They may be regarded as one-chain lengths of railroad cuttings; a o being the length, 
« perpendicular (horizontal) distance between tbe two parallel (vertical) ends. 


WEDGES. 
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The prUmoldel formal* Applies also to tbe sphere, hemisphere, and 
other spherical segments; also to any sections such as a bed, and onidbe, of the 



cone, in which the sides ad, ae, or od, ie, are straight; as they are only when the 
•utting plane adc passes through the apex or top a. Also to the cylinder 
When a plane parallel to the tides passes through both ends; but not if the plane 
ws is oblique, as hi the fig., though never erring more than 1 in 142. In this last 
case we must imagine the plane to be extended until it cuts the side of the cylinder 
likewise extended; and then by page 199 find the solidity of the ungula thus formed. 
Then find the solidity of the small uugula above to, also thus formed, and subtract 
It from the large one. 

This very extended applicability of the prismoidal formula was first discorered, 
tod made known, by Ellwood Morris, C. E., of Philadelphia, in 1840. 


WEDGES. 



n m n m n rn n m 


Fig:. 8. Fig. 9. Fig. 10. Fig. II. 


A wedge 

Is usually defined to be a solid, Figs. 8 and 9, generated by a plane triangle, anfl^ 
moving parallel to itself, in a straight lino. This definition requires that the two 
triangular ends of the wedge should be parullel; but a wedge may be shaped as in 
Fig. 10 or 11. We would therefore propose the following definition, which embraces 
all the figs.; besides various modifications of them. A solid of five plane faces; one 
Of which is a parallelogram abed, two opposite sides of which, as a c and 6 d, are 
united by means of two triangular faces new, and bdtn, to an edge or line am, 
parallel to the other opposite sides ab and cd. The parallelogram abed may be 
either rectangular, or not; the two triangular faces may be similar, or not; and the 
same with regard to the other two faces. The following rule applies equally to all: 


Volume 
of wedge 


a x 


Bum of lengths 
of the 3 ed'^es X 

eb + cd 4 am 


perp ht p from 
edge to beck 


width of 

X back (abed) 

mees’d D*rp to ah 
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MENSURATION. 


SPHERES OR GLOBES. 

A Sphere 

Is a solid generated by the revolution of a semicircle around its diameter. Etstj 
point iu the surface of a sphere is equidistant from a certain point called the center. 
Any line passing entirely through a sphere, and through its center, is called its axis, 
or diameter. Any circle described on the surface of a sphere, from the center at 
the sphere as the center of the circle, is called a yrtal circle of that sphere, in other 
words any entire circumference of a sphere is a great circle. A sphere has a greater 
content or solidity than any other solid with the same amount of surface: so that U 
the shape of a sphere be any way changed, its content will be reduced. The inter 
section of a sphere with any plane is a circle. * 

Volume of Bphere 

= | 7r radius 8 — 4.1888 radius 8 

— % rr diameter 8 — 0.5236 diameter 8 

..circumference 8 , 

«, y --- — 0.01689 circumference 8 

— diameter X area of surface 

--- % diameter X area of great circle 
-* % volume of circumscribing cylinder 

— 0.5236 volume of circumscribing cube. 


Area of surface of sphere 


=• 4 IT radius* — 

— JT diameter* *=* 

circumference* 

7T 

— diameter X circumference 


12.5664 radius* 

3.1416 diameter* 

0.3183 circumference* 


— 4 X area of great circle 

— area of circle whose diameter Is equal to twice diameter of spl #•> 

— curved surface of ci'-cumscribiug cylinder 
6 X volume 

diameter. 


Radius of sphere 

* . volume 

= v J * 

__ / Area of surface 

V 4 TT 

Circumference of sphere 

ssc S \/6 jr * Volume 
s»e \/TT urea of surface 
area of surface 


— 0.62035 'y/ volume 
= . 07958 x area of surfccv 

=r * v A9.2i76 volume 
ss y/3.1416 area of surface 


diameter. 





















H)6 


MENSURATION. 


SPHERES—(Continued.) 





PHE R 



1 

3 


£ 


14795 1 <19218 
14849 170115 
14903 171074 


74 174:17 

h 17496 
H 17554 
74 17613 

75. 17672 

H 17731 
74 17790 

74 17849 

74 17908 

74 17968 

9 4 180*27 

U 18087 

76. 18146 

74 18*206 
V« 18206 
74 18126 
% IHJiHfi 
% 18446 

% 18506 

74 18566 

77 186*26 
K 1 18687 

V 18718 

V 1880*1 

Jill 18869 
%\ 18910 

J8992 
741 19053 

78 19111 

V 19175 

V 19217 

4, 19*298 

75 19. UiO 

74 19422 

44 1948.4 

J4 19545 
79. 19607 

74 19669 

74 197.12 

% 19794 

74 19856 

74 19919 

& 4 19981 

>» *20044 

80 20106 

74 *20170 

7 4 20*232 

?g *20296 


16628 ! 201604 
16685 202645 


216505 74 

217597 J4 

218693 H 

*219792 74 

220894 74 

222001 H 

223111 >4 

*2*24*224 84. 
225341 74 

220463 74 

227588 *s 

228716 h 

*229648 % 

*230984 \ 

23*2124 ?4 

23.3267 85. 
*234414 74 

235566 h 

*216719 7s 

*237879 76 

219011 74 i 

2 10201* ?* 

*241.176 74 

*242551 86 . 
243728 74 

244908 74 

*216093 7» 

247*283 ’5 

*248175 74 

24967*2 ?4 

250873 >4 

*252077 87. 
253284 74 

*254196 7* 

255713 7* 

256932 h 

2,>8155 741 

259383 ?s. 

*260613 741 

21.1848 88 . I 

263088 74: 

264380 741 

265577 7s I 

•266829 Tli 

268083 74 

*269312 %\ 

270601 74 

271871 89. I 

*273141 74 

*27-1416 74 i 

2756**4 7» : 

276977 hi 

278263 74! 

2717*53 J4 j 

*280817 74 1 

*28*2145 90. j 

2H3447 74: 

284754 7-4 

286064 7sj 

287378 74| 

2886**6 74! 

290019 * 4 1 

*291315 74; 

29*2674 91. 

294010 74! 

29534T Is 

*296691 7b 

298036 h 

•21*9888 74 


74. 20*46 

74 *26518 

20690 
74 26663 

7s 26735 
7* 26808 

hi *26880 
741 26953 
741 27026 
74 27099 

27172 
741 27*245 
74 ! 27318 
74: 27391 
Till 27464 
74. *27538 
74 27612 

74; *27686 *33 

I 27759 4341 

741 27833 436 

7»: 27907 438 

% 27981 440 

h *28055 441: 

74 28130 443. 

\ 28204 

74 28*278 

i 28353 
74 28428 

Ti 28503 
74 28577 

h 28652 

74 28727 

74 28802 

74 *28878 

28953 
74 29028 

74 29104 

7 * 1 ‘29180 

h *29*255 

74 29331 

H 29407 

h 29483 
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SPHERES, ETC. 


Sphrro. S: cone. C: and eylindcr, Y: 

of equal diameters, d, and of equal heights, A 

(d = A). 

Volume**. Y = ^ & “ 3 C. 

2 C 

Curved Surfaces*. Y «= .S’ -> --- 

1 1.25 

Hcmisphorc, II: cone.C: and cylinder,Y: 

»f equal diameters, d, and of equal heights, A. 

{d =■= 2 A). 

Volumes*. Y - // = 3 C. 

Curved Surfaces. Y = II = C \ /< Z. 



Spherical zone** and McginentH. 

Let R ■= radius of sphere; A = height of zone or segment . 

r — radius of base of segment eireninferenee 

= radius of either end of zone; n -■ =3.14159. 

r, = radius of other end of zoue; diameter 

See p. 161. 



Zone Zone Segment Shell 

Then 


Volume of zone = * + r, 2 + ^ j A 

Volume of segment - ' (> + h - . (fi _ * \ h-. 

Curved surface A A w , 

of zone or segment ** 2 R ^ surface of sphere = ^ ^ X 4n R =* 2* R h 

_2 

In the segment, 2 R =* , + A. 

A 


Spherical shell. 

Volume = volume of sphere a 5 — volume of sphere cd 


Circular Spindle. Fig, p 209. 

The circular spindle is the solid abn u a, generated by the revolution of 
a circular segment, o b n e a, about its chord, an, as an axis. Let 


C •* ae - 
A = eb ■ 
R = o b ■■ 


% chord of segment; x = 

1 height of segment; 
radius of circle j . 

C* + A* L 

' ~nr~’ s- 

R — A ■=* distance from cen, 


VC 2 + A* 

chord of half the segment; 
length of arc, abn; 

are. abe- 1 ^ — — 1 ; 

4 2 

’, of circle, to cen, e, of chord. 
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Then, Volume = 4x — tSA|j> 
Surface =* 2v(2C R — Lh \) 

Middle Zone, qdkp ; (Ci => m e.) 
Volume = 2 jt j^C 2 — C x —A x 5i 



, where -Sj — 


( ircnlar King 1 , of Circular or Rootangular Cross-section. 


Let 


Then, 


a 

c 


d 




area of cross-section of bar of which ring is made; 
circumference or periphery of cross-section of bar; 
half-sum (or average) of inner and outer diameters. 


Volume = Trad; Surface — n c d. 


Klliptioid. 

The ellipsoid is the solid generated by the revolution of an ellipse about 
either axis The generating ellipse inav be a variable It rcvolvs on a con¬ 
stant axis, and its vertices describe either another ellipse or a circle, whoso 
center, m either case, coincides with the center of the generating ellipse, and 
whose plane is perpendicular to the axis of revolution. See “Sphenoid, below. 

Spheroid. 

The spheroid is an ellipsoid in which the generating ellipse is 
constant and in which its vertices describe a circle. When (he generating 
ellipse rcvolvs about its longer or transverse axis, the prolate spheroid results; 
when about its shorter or conjugal* axis, the oblate spheroid. 

In cither ca*»e, let / = the firt diam; let m = the moving or revolving 
diarn, of the ellipse Then: Volume = x m 2 //G Surface (apnrox) 
= ir m V (»t 8 + / 2 )/2 

The term “ellipsoid" is frequently defined as is "spheroid” above. 

Paraboloid. 

The paraboloid is the solid generated by the 
revolution of a parabola, acb, about its axis, c d. 
r = radius, d b, of base ; h — height, d c 

_ r , n r 2 h h X area of base 

Volume -== - — 9 -; 

Curved surface — ( ~^X) [(r 2 + 4A 2 )$ — r 3 ! 

' 12 h J L J l-nrabeloid 



Frustum of paraboloid. 

Ends, g k and o 6, perpendicular to axis, d c. r* — radius, e k, of base, g k. 
hi — height, d c, of frustum. 

Volume — paraboloid, acb — paraboloid, gck, -> (r* + r|*). 

Curved surface — surface acb — surface gc k. 
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SPECIFIC GRAVITY. 


SPECIFIC GRAVITY. 

1. The specific gravity, or relative density, D*, of a substance. 

is the raiio between the weight, W, of any given volume of that substance ana 
the weight, A, of an equal volume of some substauce adopted as a Hlaudard ol 

comparison. Or: P = —. 

2. For gaseous substances, the .standard substance is air, at n temper- 
atur* of 0° Cent. = 32° J-'ahr., with barometer at 760 millimeters — 20 022 inches. 

3. For solids and liquids, the standard substance is distilled water, at it* 
temperature (4° Cent. — 30.2° Fahr.) of maximum density. 

4. For all ordinary put poses of civil engineering, any dear fresh 
water, at any ordinary temperature, may be used, liven with water at 
>0° Cent., — 86^ Fahr., the result is only 4 parts in 1000 too great. 

5 . When a body is immersed iu water, the upward force, or “ buoyancy,** 
exerted upon it by the water, or the “loss of weight” of the body, due to its 
immersion, is equal to the weight of the walei displaced by the immersion of 
the body or, if 

\V — the weight of tbo body in air, 
w — its weight in water, 

P ■= its relative density or specific gravity, 

A — the weight of water displaced; 

IV W 

then A =* W — u ; and P = ‘ - u . —. 

AW— «■ 

6. Since the volume, V, of a body, of given weight, W, is inversely as in 
density, or specific gravity, 1>; the specific giavity is equal also to the raiio 
between the volume V, of an equal weight of the standaid substance, to the 

volume, Y, of the body in question; or P — 

7. The specific gravities of substances heavier than water are ordi¬ 
narily determined by weighing a mass of the substance, lirst in atr (obtain¬ 
ing its weight, W), and then when the mass is completely submerged hi water 

(obtaining its diminished weight, «•). Then I) — as in 5. 

8. If the body is lighter than water, it must be entirely immersed, 
and held down against its tendency to rise. Its weight, w, in water, or tta 
upward tendency, is then a negative quantity, and means must lie provided for 
measuring it, as by making it act upward agaiust the scale pan. We then have, 
A — W — (— w) — W -f to; or 

Loss due to immersion — weight of body in air, plus its buoyancy. 

9. Or, first allow the body to float upon the water, and note the resulting dis¬ 
placement, v, of water, as by the rise of its surface level in a prismatic vessel. 
Then umnene the body completely, and again note the displacement, V. Now 
r, the volume displaced by the body when floating, and V, the volume displaced 
by the body when completely immersed, are proportional respectively to the 
weight, W, of the body, and to the weight, W — of a mass of water of equal 

volume with the body. Uence D = w ---- — 

10. Or, attach to the light body, 6, a heavier body, or sinker, S, of such den¬ 
sity and mass that both bodies together will sink in water. I.et W be the 
weight of the light body, b, in air; Q the weight of both bodies in air, and q 
their combined weight in water. Then Q — q - the weight of a mass of water 
of equal volume with the two bodies, and Q — W = the weight, S, of the sinker 
in air. By immersing the sinker alone, find the weight, fc, of water equal In 
volume to the sinker alone, = loss of weight in sinker, due to immersion. 
Then, for the weight, A, of water of equal volume with the light body, b, or for 


♦Strictly speaking, “specific gravity” refers to weight, and “relative density " 
to matt (see Mechanics, Art. 14 a); but, as specific gravity and density an 
numerically equal, they are often treated as identical. 

♦ See Hydrostatics, Art. 18. 
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the loss of weight of 6, due to immersion, we have A — Q — k ; and^for 
the specific gravity, I), of the light body, /», we have 1) =* q _ ~ ~ZTj c ~ ~ _1 w 

where «• -- the (unknown) buoyancy ol />. 

11. A granular body, as a mass of saw-dust, gravel, sand, cement, etc. 
or a pot on* liociy, as a uia-.s of wood, cindei, cmeieU, .sandstone, etc., is a com¬ 
posite body, consisting partly ol solid matter and paiilyot air. Thus, a cubic 
t.M»t o( ipiait/ .sand weighs about, loo Mis., while a cubit, loot ol quailz weighs 
about IB.) ltis. 

12. The specific gravity of porous substances is usually taken 
as that ol the composite mass of solid and an. 1 lm.s, a wood, weighing (with 
Us contained air) (52.5 lbs. pei cubic loot, ui the same as walci, is said to have a 
specific gravity ot 1. The absoiption ol watci, when such laid tea are immersed 
loi the piupnsft ol dcteruuumg their specitic gravities, may bo prevented by a 
thin coat ol varnish. 


13. The specific gravity of granular substances is sometimes taken 
as that ol the solid pint alone. Thus, Portland cements ordinarily weigh (in 
air) funn 75 io9o lbs per cubic foot, which would cm respond to specific gravities 
ol from 1 20 to I 44, but the specific gravity of the solid portion laugea from 
.1.00 to .{.25; and the latter figuics aie usually taken as repicseu ting the specific 
giavitics. 


14. In determining the specific gravities of substances (such as cement) 
winch are soluble, in water or otherwise atfecied by it, the substances are 
weighed ill some liquid (such as benzine, luipciiliiie or alcohol) which will not 
afloct them, instead of in water. The result, so obtained, must then be multi¬ 
plied by tlie tauo between the density of the liquid and that of water. 

15. The specific gravity of a liquid is most directly determined by 
weighing equal volumes of the liquid and of water. 

16. <>r weigh, in the liquid, some body, whose weight, W, in air, and whose 
specific giavity, d, are known. Let i r' - its weight in the liquid. Then, for 
the specific gravity, I), of the liquid, we have 


W : W — tc' = rf : T); or P 


djW — 
W 


17. Or, let the body, in 16 (weighing W in air), weigh w in water, and (as 
betore) w' in the liquid in question. Then, since specific gravity of water = 1, 
we have 

W - w : W — w' -- 1 : II; or 1) = 

VV — w 

18. The snecific gravities of liquids are commonly obtained by observing the 
depth to which some standard instrument (called a hydrometer) sinks when 
allowed to (font upon the surface of the liquid. The greater the depth, the less 
the specific gravity of the liquid. In Ileaum^’s hydrometer the depth 
ol immersion is shown by a scale upon the instrument. The graduations of the 
scale are aibitrarv. For liquids heavier than water, (1° corresponds to a specific 
gravity of 1, and 76° to a specific gravitv of 2 For liquids lighter than water, 

correspond to a specific gravity of 1, and <50° to a specific gravity of 0.745. 

19. In Twaddell’s hydrometer, used for liquids heavier than water, 


specific giavity 
Thus, if the leading be 90°, 

specific gravity -- 


5 X No. of degrees l 1,000 

1,000 

5_X 90 + 1,000 1,450 

1,000 “ 1,000 ‘ *' 4 


20. In Nicholson’s hydrometer, largely used also for solids, fhes]>eriftc 
gravity is deduced from the weights required' to produce a standmd depth ol 
immersion. It consists of a hollow metal float, from which rises a thin hut stifl 
"'bo eariving a shallow dish, which always icimiins above water. From tin 
•lout i s suspended a loaded dish, which, like the float, is always submerged. On 
the wire supporting the uppei lish is a standard mark, which, in observations, 
is always brought to the surface of the water. The specific gravity is then deter¬ 
mined bv means of the weights carried in tin* two dishes respectively. 

21. The determination of the specific gravities of gaseous sub¬ 
stances requires the skill of expert chemists. 
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SPECIFIC GRAVITY. 


Table of specific gravities, and weights. 

In this table, the sp gr of air, and gases also, are compared with that of water, 
Instead of that of air; which last is usual. 


The specific gravity of auy substance is ■» its weight 
in grains per cubic centimetre. 


Average 
Wt of a 
Cub Kt 


Air, atmospheric; at 60° Fah, and under the pressure of one atmosphere or 

14.7 lbs per sq inch, weighs ^ | j part as much as water at 60°.. 

Alcohol, pure.A...... 

“ of commerce. 

“ proof spirit...... 

Ash, perfectly dry. .average. 

1000 ft board measure weighs 1.748 tons. 

Ash, American white, dry. " . 

JU00 ft board measure weighs 1.414 tons. 

Alabaster, falsely so called; but really Marbles... 

•* real, a compact white plaster of Paris. average 

Aluminium. 

Antimony, cast, 0.86 to 6.74. average 

“ native ..... 

Anthracite. See Coal, below. 

Asphaltum, 1 to 1.8. “ 

Basalt. See Limestones, quarried. " 

Bath Stone, Oolite. " 

Bismuth, oast. Also native. “ 

Bitumen, solid. See Asphaltum 

Brass. (Copper and Zinc,) cast. 7 8 to 8.4. “ 

•• rolled. '* 

Bronte. Copper K parts; Tin 1 (Gun metal ) 8 4 to 8 6. *' 

Brick, best pressed . 

“ common hard . 

“ soft. Inferior . 

Brickwork See Masonry. 

Boxwood, dry. *' 

Caicite. transparent.. “ 

Carbonic A> id Un« Is 1 % times as heavy as air. " 

Cement. (Hee r ll) 

•* Portland, 8 MO to 8.25... 

•* Natural, 2 7jtn8.HH. 

Chalk, 2.2 Vo V 8 Sec Limestoues, quarried.. 

Charcoal, of pines and oaka.. 

Cherty. perfectly dry .. . 

Chestnut, p< rfeetlv dry. 

Coal. See aKo page 215. 

Anthracite, l.« to 1.7. 

•• piled loose. . 

Bituminous, 1 2 to 1.4. 

“ piled louse.-. 



•* piled loose.... 

lu coking, coala swell from 25 to 50 per cent. 

Copper, caat. h 6 ton 8. 

•• rolled.8.8 to 8.0. 

Crystal, pure Quarts. See Quant. 

Cork . 

Diamond, 3.44 to:« 53; usually 3.51 to 3..>5 . 

Karlb; common loam, perfectly dry. loose . 

•• •• •• •• •• nbakeu.. 

•• •• •• •* •• moderately rammed. 

•• •* •* slightly moist, loose. 

•• •• •• more moist, " ... 

•» " •• “ shaken.• •• 

•« •• •• “ moderately packed. 

•• “ ** as a soft flowing mud. 

•• •» •• as a soft mud. well pressed Into a box. 

Bther.. 

Kim. perfectly dry. ..average.. 

1000 ft board measure weigha 1.302 tons. n 

Kbouy. dry... 

Emerald, 2.63 to .. 

Fat. 

Flint... 

Feldspar, 2.5 to .. 

Garnet, 3.5 to 4.3; Preoious, 4.1 to 4.3. 

Glass, 2.5 to 3 45..... 

“ common window..... . . 

•• Millville, New Jeraey. Thiok flooring glass. 

Granite, 2.56 to 2.88. Bee Limestone, 160 to .. ' 
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Table of specific gravities, and weights — (Continued.) 


The epeciflc gravity of any substance is = Its weight 
in grams per cubic centimetre. 


Gueiss, common, 2 82 to 2.76. 

" lo loose pile*. 

" Horublcudic. 

" quarried, lo loose pile-* .. 

GypsJ:n. Plaster or Kurts, 2 24 to 2.30. 

•* lo irregular lumps. 

“ grouud. loose, per struck bushel. *0. 

“ ** well shaken. •• “ 80. 

*• “ Calcined. loose, per struck bush, to to 76. 

Greenstone, trap, 2.8 to 3 2. 

'• “ quarried, lu loose piles . 

Gravel, about the same as sand, which see. 

Gold, cast, pure, or 24 carat. 

“ native, pure, 19.3 to 19 34 . 

“ “ frequently containing silver, 15 6 to 19 3 .... 

“ pure, hammered, 19.4 to 19 6. 

Gutta Percha. 

Horn blende, black, 3.1 to 3 4. 

Hydrogeu Gas, is 1*14 times lighter than air; and 16 times lighter than 

oxygen . 

Hemlock, perfectly dry . 

1000 feet board measure weighs 930 I 

Hickory, peifectly drv . 

llMMl feet board measure weighs 1 971 

Iron, and -I* el. 

“ Pig aud ca^t iron and cast steel 


..a vet age., 


•• Wrought Iron an-Uu-e , and wire, 7.bto7.9. 

Ivory . 

Ice. .917 to .922. 

li.dia rubber. n 

I.igniiui vit<f>. dry . •« 

Lard..............1 M 

Lead, of commerce, 11.30 toll 47; either rolled or cast.*• )) 

•dinestones and Marbles, 2.4 to 2 H6. 150 to 178.8. 

'* “ *• ordinarily about. 

" “ " quarried in irregular fragments. 1 cub yard solid. 

makes about 1 9 cub yds perfectly loose, or about 
1 >d« piled lu tins last case 571 of the pile 

is solid, and the remaining 429 part of it iB 

.. voids.piled.. 

Lime, quick, ground, loose, per struck bushel 62 to 70 lbs. 

** " ** well shaken, ** “ ....80 “ . 

‘ “ “ thoroughly shaken, •* _»3*f “ .’’ 

Mahogany, Rpaniah, dry*.average.! 

Honduras, dry. .. 

Maple, dry*. «< 

Marbles, see Limestones 

Masonry, of granite or limestones, well dressed throughout. 

“ u " woll-scabhled mortar rubble, About £ of the mass 

will lie mortar. 

> w a well-soabbled drv rubble. 

" * “ roughly scabbled mortar rubble. About’vi to part 

will be mortar. 

M M “ roughly scabbled dry rubble . . 

A 1 I wn bS P ° r CUb ft ' 1 C “ b yard weiKhs 1 - 868 «<>na; and 14.45 cub ft) 
Masonry of sandstone; about % part less than the foregoing. 

‘ “ briokwork, pressed brick, fine joints.average.. 

“ ** medium quality... •• 

“ " *' coarse, inferior soft bricks.“ 

ft^fton* PCr ° Ub ft - »<•-“*>yard weighs 1 507 tons; and 17.92 cub 

Mercury, at 32° Fah.. 

“ 60° •• .■)'*■'. 

“ 212» .. . . 

Mica. 2 75 t« 3 1 .. 

Mortar, bardened, 1.4 to 1.9.....* 

Mud, dry. close .)..). .).!)))!)!)!. 

■* wet, inndcrately pressed.. . ” 

“ wet. fluid.)!!)!)))!)))’)!. 


19 5 
.98 
3.25 


13.62 
13.58 
13 38 


A verage 
M t of a 
Cub Ft. 
Lbs. 


62 ton 
187. 

107. 


59.3 

709.fi 

164.4 

168. 


1 * 0 , 

125. 

100 . 


846. 

836. 

183. 

103. 

80 to ne 
no to no 
104 to 121 


* Green timbers usually weigh from one-iU'lh to nearly one-half more than 

dry; aud ordinary buildlug timbers when tolerably seasoned about one-sixth more than perfectly dry 
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8PECIFI0 GRAVITY. 


Table of specific gravities, and weights — (Continued.) 


The specific grarity of auy Rulmtance is => its weight 
in grams per eubic centimetre. 



I 65 


Naphtha. . 

Nitrogen (las is about ^ part lighter than air. 

Oak, live. perfectly dry, .S8 to 1.02 *. average.. 

“ white, " •• .06 to 88. “ 

•• red, black. Ao». “ 

Oils, whale, olive. “ 

•• of tui iHMjtme. 4' 

Oolites, or Roestones. 1 9 to 2 5... " 

Oxygen Gas, a little more than ^ part heawer tliuu air . 

Petroleum. 

Peat, drv. impressed. 

Pine, white, perfectly dry, .35 to .45* . 

1000 ft boar.l measure weighs 1W0 urn.* 

*• yellow, Northern, .48 to .62. 

1000 ft board measure weighs 1.276 tons » 

“ “ Southern, .61 to »i . 

1000 ft board measure weighs 1 674 lou» * 
pine, heart of long lealed Southern yellow, unseas. ... 

1000 It board measure weighs 2.418 tans. 

Pitch... 

Plaster of Pam, see llypxuiu. 

Powder, slightly shaken ... 

Porphyry. -'.66to.. 

Platinum.21 to 22. 

•• native, tn grains. 16 to 18 . . 

•Quartz, common, pure.2 64 to 2-67.... 

•• •• tinely pulverized. loose. 

« •• •• •• well shaken. 

•• •• •• '• well packed. 

*• quarried, loose. Oue measure solid. mak*-s full broken aud ; 

piled. 

Roby ntid Snpphirc, 8.8 to 4.(6.... 

Ro'in.••••... 

6*U..-. 

Band, pure qu«rx, pert'-clly dry, loose.. 

» •• •• •* •• slightly slisS- .. 

•• •• nramed.drv... 

Natural aau I consists of grainsofilillereni size. and weighs more, per 
unit of volume, than a Solid slft. d from it and Laving grama of 
uniform site. 8hurp eand with very large and very small grains 

may weigh as much as . •• ••••••■ ... 

Sand is very retentive of moisture, and, when in large bulk, iu natural 
moisture may diminish He wt ight from 5 to 10 per cent. 

“ perfectly wet, void* full of water............. 

Sandstones. fit Tor building, dry, 2 1 to 2.73.131 to 171 

<• quarried, and piled. 1 measure eolid, makes about \% piled. 

Berpcntiops, good.2.o U) .... 

Bnow, fresh fallen..... 

“ moistened, and compacted by rain. 

Sycamore, perfectly dry, . 

1000 ft board measure weighs 1.376 too*. 

8bales, red or Mack .2.4 to 2 .average.. 

“ quarried. In piles. * 

..2.7 to 2.9. .. 

Silver. „ •• 

8oap«tone, or Steatite.2.65 to 2 8 .. .. 

Steel, 7.7 to 7 **. The heaviest continue least carbon... 

Steel l« not heavier than the iron from which it is wade; unless the 
iron had Impurities which were expelled during its conversion into 
steel. 

Sulphur.......................average.. 

8pruoe. perfectly dry. ... 

1000 ft board roeasore weigh* .940 Ion. 

Spelter, or Zlno.6.8 to 7.2. * •• 

Sapphire; and Ruby, 3.8 to .. 

Tallow. .. •• 

Tar..... •• 

Trap, compact. 2 8 l<> 3 2... 

*• quarried: In pile*. 

Topaz. 3.45 to .... •• 

♦Green timbers usually weigh froro <»ne-fifth to nearly ono-hf»lf more ihau 

Ary: aud ordiuarv building timbers when tolerably seasoned about one-sixth more than perlectly dry 
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Table of specific gravities, and weights —'.Continued.) 

The specific gravity of any substance is = its weight | Average 
in grains per eubic centimetre. ' s »' 4,r - 

rin. 0.181, 7 . 

Turf, or IV it, ilry, impressed. 

W aler. See |>Hge .US. 

\» i\ Ik-i-n 

Wines, *W11 to ! 04 . .. 

Walnut, black, |terteclly dry 

1000 ft board measure 
Zlno. or Spelter, fi.H to 7.2 
Zircon, 4.0 to 4.8. 

Space occupied by coal. In cubic feet per ton of 2240 pounds. 

Pennsylvania Anthracite. 



Hard white ash*. 

hree-butiling white ash *. ... 

Shauiokiu * . 

Schuylkill white ledi * . 

“ red “ *. 

l.ykens Valley*. 

Wyoming frec-burningf— 

lelngli t.. 

lehigh ; Readiug C. A I. Co. 
l«ehigh:f Lump, 40.5; cupola, 40 3; dust, HD. 1, 


Bro¬ 

ken. 

Err. 

Stove. 

\ut. 

l’ea 

Buck¬ 

wheat. 

Aver. 

age 

f 

38 6 

39 2 

39 8 

. 

40.5 

41.1 

39.8 

139.4 

39.6 

39 6 

39 6 

39.8 

39.8 

39 6 

i 

39.0 

39 6 

40.2 

40.* 

41.5 

40.2 

139.6 

39 6 

39.6 

41.2 

41 9 

42.4 

40.7 

\ 

39.3 

39.9 

40.5 

41 2 

41.9 

40.6 

(39.0 

89.9 

42 6 

45 7 

46 5 

47.7 

43.6 


39.6 

40.3 

40.9 

41 6 

42.3 

40.9 


40.0 

40.5 

41.1 

41 7 

42.3 

41.1 

/ 

44.8 

45.2 

45 7 

46.2 

46.7 

45.7 

(44.2 

44.3 

44.3 

45.0 

46.1 

46.5 

45.1 


40 0 

39.8 

89.4 



39.7 

39.4 

38.8 

38.5 

38.4 

42 1 

41.4 

40.0 

38.5 

38.8 

40.1 

40 3 

40.3 

40.5 

39.7 


Bituminous. 


From Coxe Bios. & Co t j 


Jr rum Jour. U. S. Ass’n Chat coal Iron Workers. 
Vol. Ill, 1882.{< 


Pittsburg.. 

Erie.. 

Hocking Valley, 

Ohio CanucI. 

Indiana Block... 
Illinois. 


.48 2 ! Pittsburg.47 1 Clover Hill, Va.49 0 

.Mi f. 1 Cumbei land, max. ..423 Richmond, Vu. 

.45 4 “ in in.41 2 j (Midlothian).41.0 

45 5 ; Blossburg, Pa. 42 2 ! Cannelton, Inu.47.0 

.51 1 j ; Pictou, N. 8.45.0 

47.4 j Sydney, Caj»e Bret mi. 47.0 


Logarithm. 

1 cubic foot per ton of 2240 pounds — 

(l 89286 cubic foot per ton of 2000 pounds.1.950 7820 

2240 (exact) pounds per cubic foot.3 350 2480 

1 cubic foot per ton of 2000 pounds -- 

l.i2 (exact) cubic met per ton of 2240 pounds......0 049 2180 

2000 (exact) pounds per cubic foot..’..5 301 0300 

1 pound per cubic foot — 

2240 (exact) cubic feet per ton of 2240 pounds.3 350 2480 

2000 “ “ 2000 “ .3.801 0300 


♦From Edwin F. Smith, Sup’t & Eng’r, Canal Div., Phila. and Reading R. R 
f From very careful weighings in the Chicago yards of Coxe Bros. & Co 
Note the irregular variation with size of anthracite in Coxe Bros.’ figures. 

§ Quoted from The Mining R>rord. On the authority of “ many years’ experi¬ 
ence” of “a prominent retail dealer in Philadelphia,” the Journal gives als< 
figures requiring from 4 to 13 per cent, less volume per ton than those heri 
quoted from the Journal and from other authorities. 

18 
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WEIGHTS AND MEASURES. 


WEIGHTS AND MEASURES. 

United States and British measures of length and weight, 

of the same denomination, may, for all ordinary purposes, be considered as equal; 
hut the liquid and dry measures ol the same denomination differ widely 
in the two countries. The standard measure of length of both coun¬ 
tries is theoretically that of a peudulum vibrating seconds at the level ot the 
sea, in the latitude of Londou, in a vacuum, with Fahrenheit’s thermometer at 
62°. The length of such a pendulum is supposed to be divided into 39.1393 
equal parts, called inches; and 30 of these inches were adopted as the standard 
yard of both countries. But the Parliamentary standard having been destroyed 
i»y fire, in 1834, it was found to be impossible to restore it by measurement of a 
pendulum. The present British Imperial yard, as determined, at a temperature 
of 62° Fahrenheit, by the standard preserved in the Houses oi Parliament, is 
the standard ot the United Mates Coast and Geodetic Survey, and is recognized 
as standard throughout the country and by the Departuten 3 ol the Govern- 
ment, although not so declared by Act of Congress The yard between the 27th 
and 63d inches of a scale made for the II S ('oast Survey by Trough ton, of Lon¬ 
don, in 1814, is found to be of this standard length when at a temperature of 
59°.62 Fahrenheit; but at 62° is too long by 0.00083 inch,or about 1 part in 43373, 
or 1 46 inch per mile, or 0.0277 inch in 100 feet. 

The Coast Survey now uses, for purposes of comparison, two measures pre¬ 
sented by the British Government in 1855, as copies of the Imperial standard, 
namely: 


“ Bronze standard, No 11of standard length at 62° 25 Fahr. 

“ Alalleab^ iron standard, No. 57,” “ “ “ 62°. 10 “ 

See Appendix No. 12, Report of U. S. Coast and Geodetic Survey for 1877. 

The legal standard of weight of the United States is the Troy 

pound of the Mint at Philadelphia. This standard, containing 5760 
grains, is an exact copy of the Imperial Troy pound of Ureat 
Britain. The avoirdupois or commercial pound of the United States, con¬ 
taining 7000 grains, and derived from the standard Troy pound of the Mint, is 
found to agree withiii one thousandth ol a giaiu with the British avuirdupo's 
pound. 'J he U. b. Coast Survey therefore declares the weights oi the two coun¬ 
tries identical. 

The Ton. In Revised Statutes of the United States, 2d Edition, 1878, Title 
XXXIV, Collection oi Duties upon Imports, Chapter Six. Appraisal, says: 

“Sec 2951. Wherever the word ‘ton ’ is used in ibis chapter, in reference to 
weight, it shall he construed as meaning twenty-hundredweight, each hundred¬ 
weight being one hundred and twelve pounds avoirdupois.” 

This appears to lie the only U. S. Government regulation on the subject. 

The ton of 2240 lbs (often called a gross ton or long ton) is commonly 
used in buying and selling iron ore. pig iron, steel rails and other manufactured 
iron and steel. Coke and many other articles are bought and sold by the net 
ton or short ton of 2000 tbs. The bloom ton had 2464 tbs, -- 2240 lbs -f 2 
hundredweight of 112 lbs each ; and the pig non ton had 2268 lbs, -- 2240 lbs + a 
“Bandage” of 28 lbs, or one “quarter,” to allow for sand adhering to the pigs, 
but some furnace men allowed only 14 lbs. lu electric traction work the ton 
means 2000 lbs. 

As a measure, the ton, or tun, is defined as 252 gallons, as 40 cubic feet of 
round or rough timber or iu ship measurement,or as 50 feet of hewn t miher. 252 
U. S. gallons of water weigh about 2100 lbs; 252 Imperial gallons about 2500 tbs;, 
60 cub ft yellow pine about 2500 lbs. 

The metric system* WW» legalized in the United Ntates In 

* The metric i. -‘in, as compared with the English, has much the same advantages 
and disadvantages that our American decimal coinage hue in eomi«uiBou with the 
English mouetary system of pounds, shillings and pence, it will enormously facili¬ 
tate all calculations, hut, like all other improvements, it will necessarily cause some 
inconvenience while the change is being made. The metric system has also this fur- 
ther and very great, advantage, that it bids fair to become universal among civilized 
nations. 
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1866, but has not been made obligatory. The government has since furnished 
very exact metric standards to the several States. The use of the metric system 
has been permitted in Great Britain, beginning with August 6, 1807. and in 
Russia, beginning with 1900. Its use is now at least permissive in most civil¬ 
ized nations. 

Tlie metric nnit of length is the metre, or meter, which was 
intended to be one ten-millionth ^ - ( J (> — ^ of the earth’s quadrant, i.e., of 

that portion ol a meridian embraced bet ween either pole and the equator This 
length was measured, and a set ol metrical standards of weight and measure 
were prepared in accordance with the result, and deposited among the archives 
of !• raucc at Funs (Metre des Archives. Kilogiamine des A 1 chives, etc.) It has 
since been discovered that errors occurred in the calculations for ascertaining 
the length ol the quadrant; but the standards nevertheless remain as originally 
prepared 

The met ric* measures of surface and of capacity are the squares 
and cubes ol' the meter and of its (decimal) fractions and multiples. 

The metric unit of weight is the gramme or gram, which is 
the weight of a milliliter oi cubic centimeter* of pure water at its temperature 
of maximum density, about 4° Centigrade or 89 2° Fahrenheit. 

By the concurrent action of the principal governments ol the world, an In¬ 
ternal iounl Bureau of Weights and Measures has been estab¬ 
lished, with its seat near Faris Ii lias prepared two ingots of pure platinum- 
iridium, from one of which a number or standard kilograms (1000 grams) have 
been made, and fioin the other a number of standaid meter bars, both derived 
from the standards of the Archives of France. Of these copies, certain ones 
were selected as international standaids, and the others were distributed to the 
different governments. Those sent to the United States are in the keeping of 
the U. S. (.’oast Survey. 

The determination of the equivalent of the meter In English 
measure is a verj dilhcult matter. The standard meter is measured fiom end 
to end of a platinum bar and at the freezing point; whereas the standard yard is 
measured between two lines drawn on a silver scale inlaid in a bronze liar, and ai 
62° Fahrenheit The United States Count Survey f adopts, as the 
length of the meter at 62° Fahrenheit, the value determined by ('apt. A. R 
('larke and (.’ol. Sir Henry James, at the office of the British Ordnance Survey. 
In I860, viz.: 39.370432 inches(- 32808666-4- feet = 1.0936222 + yards); but the 
lawful equivalent, established by Congress, is 39 37 inches (— 3.28083 feet 
= 1.098611 yard>>. This value is as accurate as any that can be deduced from 
existing data. 

The grans weighs, by Prof W. H. Miller’s determination,t 15.43234874 
grains An examination made at the International Bureau of Weights anc 
Measures in 1884 makes it 15.43235639 grains. The legal value in the Unitec 
States is 15.432 grains. 


* 1 centimeter = T foj meter = 0.3937 inch. 1 milliliter ( IB ^ B liter) or cubic cent* 
meter = (>.061 cubic inches, 
t Appendix No. 22 to report of 1876, page 6. 
j Philosophical Transactions, 1856, pp. 883, etc. 
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FOREIGN COINS. 


Foreign Monetary Unite* and CoinM. TalueH in (!. S. Money. 

From Report of Director of Mint, 1901, and Treasury Dept Circular, Jan. 1, 
1011. 

\fnca. See Egypt, Liberia. 

Vrgentine Republic. Peso = 100 centavos — $0,905. Argentine = $4.82. 
Vsia. See China, India, Japan, Persia, Siam, Straits Settlements. 
Austria-Hungary.' Crown = 100 hellers = $0,203. Ducat -- $2.29. 

Havana. Seo German Empire. 

Helgium.* Franc — 100 centimes = $0,193. 

Bolivia. Boliviano = 100 centavos = $0.3S9. 10 centimos = $0.0904. 

Brazil. Milrois = 1000 reis = $0,546. 

Bntish Honduras Dollar = $1.00. . 

Canada. Dollar = 100 cents = $1.00. 

Central America. Sec British Honduras, Costa Rica, Cuba, Haiti, Honduras. 

Guatemala, Nicaragua, Panama, Salvador, Santo Domingo. 

Chile. Peso = 100 centavos = 0.05 condor = 0.1 doubloon = 0.2 escudo — 
$0,365. 

China. Tael = 10 mace or tsien = 100 candarecim oi fun - 1000 cash or li • 
$0,604 to $0,673. 

Colombia. Dollar = $1.00. 

Costa Rica. Colon =100 centimos = $0,465. 

Cuba. Spanish quadruple (onzu) =$15.74; doubloon Isabella =$5 02, 
Alphonse — 25 pesetas = $4.82. 

Denmark.f Crown = 100 ore = $0,268. 

Ecuador. Sucre — 100 cents = 5 pesetas - 10 reals = 20 medioreals - 
$0,487. 

Egypt. Pound = 100 piasters = $-1,913. 

England. See Great Britain. 

Eaperantists. (From Am. Esperantist Co ) Spesmilo = 10 spcscentoj - 1< M > 
spesdekoj = 1000 spesoj = $0.4875. 

Finland. Mark = $0,193. 

France.* Franc = 100 centimes = $0,193. 

Gorman Empire. Mark = 100 pfennigs = $0,238; Crown = $2,382. 

Great Britain. Pound sterling or sovereign = 20 shillings = 240 pence = 960 
farthings = $4.8665. Guinea = 21 shillings, Crown = 5 shillings. Florin 
= 2 shillings. 

Greece.* Drachma = 100 lepta = $0,193. 

Guatemala. Peso = 10 dunes = $0,403. Onza or doubloon = $15.7'.. 

Haiti. Gourde = 100 centimes = $0,905. 

Honduras. Peso = 10 dimes = $0,403. Onza or doubloon = $15.74 
India, British—. Rupee = $0,324 1/3 , anna = 4 pice = $0.02. 

Italy.* Lira = 100 centesimi = $0,193. 

Japan. Yen = 100 sen = $0,498. 

Latin Union.* See France, Belgium, Italy, Switzerland, Greece. 

Liberia. Dollar = $1.00. 

Mexico. Peso = 100 centavos = $0,498. 

Netherlands. Florin = 100 cents = $0,402. Rixdaler = 2.5 florins. 
Newfoundland. Dollar = $1,014. 

Nicaragua. Peso = 10 dimes = $0,403. Onza or doubloon = $15.71 
North America. See Canada, Mexico, Newfoundland. 

Norway .f Crown = 100 ore = $0,268. 

Oceanica. See Philippine Islands. 

Panama. Balboa = $1.00. 

Persia. Kran = $0.1704; toman = 10 krans. 

Peru. Libra = $4.8665. 1 sol =2 British shilling-. 

Philippine Islands. Peso = $0.50. 

Portugal. Milreis = 0.1 crown = 1000 reis = $1.08. 

Prussia. See German Empire. 

Roumania. Leu = $0,193. 

Russia. Ruble = 100 copecks = $0,515. 

Salvador. Peso = 10 dimes = $0,403. Onza or doubloon = $15.74 
Santo Domingo. Dollar = $1.00. 

Scandinavian Union.f See Denmark, Norway, Sweden. 

Servia. Dinar = $0,193. 

Siam. Tical = $0.3708. 


*. t; See foot-notes, next page. 
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Foreign Monetary Units and Coin**. Continued. 

South America. See Argentine Republic, Bolivia, Brazil, Chile, Colombia, 
Ecuador, Peru, Uruguay, Venezuela. 

Spain. Peseta — 100 centimes — $0,193. 

Straits Settlements. Dollar = $0.421. 

Sweden.! Crown = 100 ore = $0,208. 

Switzerland.* Franc — $0,193. 

Turkey. Piaster = 0.01 lira = $0,044. 

Uruguay Peso = $1,034. 

Venezuela. Bolivar = $0,193. 


Standard Diameter** and Weight** of United State** Coins. 



\ nine 

Dun 


Weu. lit. 

Gold, 10 per cent, alloy : 

* 

IllfllCi!. 

Milium lor. 


Gram*. 

Double Eagle .... 

20 

1 350 

34 29 

516.00 

33.436 

Kagle. 

10 

1 060 

26 92 

258 00 

16.718 

Half Eagle . . 


(1 848 

21.54 

129.00 

8.359 

Quarter Eagle. 

Silver. 10 per cent alley: 

2 50 

0.700 

17.78 

64.50 

4.180 

Stamlaid Dollar . . 

1.00 

1.500 

:w.io 

412 60 

20 729 

Half Dollar . 

0.50 

1.205 

30.61 

192 90 

12.50 

Quarter Dollar 

0.25 

0.955 

2126 

96.45 

6 25 

Dime. 

Minor 

Five Cents, 754 copper, 25, 

0.10 

0.705 

17 91 

38.58 

2.50 

nickel . 

One Cent, 95£ copper, 54 tin 

0.05 

0.835 

21.20 

77.16 

5 00 

and zinc . 

0 01 

0.7,10 

19.09 

48.00 

3.11 


Perfectly pnre gold is worth $1 per 23.22 grs — $20.67183 per troy oz = 
$18 81151 per avoir oz. Standard (U S coin) i9 worth $18 60465 per troy oz = 
$16.95736 per fl'oir oz It consists of 9 parts by weight of pure gold, to 1 par 
alloy Its value is that of the pure gold only; the cost of the alloy and of tb 
coinage being borne by Government A cubic foot of pare gold weigh: 
about 1204 avoir ibs; and is worth $362963. A cubic inch weighs about 11.14 
avoir oz: and is worth $210,04. 

Pure gold is callo*. one, or 24 carat gold; and when alloyed, the alloy is sup 
posed to he divided into 24 parts by weight, and according as 10,15, or 20, Ac o 
these parts are pure gold, the alloy is said to be 10,13, or 20, &c, carat. 

The average Oneness of California native gold, by some thou 
sands of assays at the U. S. Mint in Philada., is 88.5 parts gold, 11 5 silver. Som 
from < icorgia, 99 per cent goid. 

Pure nilver fluctuates in value- thus, during 1878-1879 it ranged betwee 
Si 05 and $1 18 per troy oz, or $.957 and $1,076 per avoir, oz. A cubic inch weigh 
about 5.528 troy, or 6.0i>5 avoir ounces 


* Latin Union (Fiance, Belgium, Italy, Switzerland, Greece). Fineness, golc 
aud 5 franc silver, 0.9; minor silver coins, 0.835. 

Gold Silver 

Francs. 100 50 20 10 5 5 2 1 0.5 0. 

Diameters, in millimeters .... 35 28 21 19 17 37 27 23 18 16 

Weights, in grams. 0.32258 per franc 25 10 5 2.5 1 

t Scandinavian Union (Sweden, Norway, Denmark). 
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Troy Weight. U. S. and British. 


24 grains.1 pennyweight, dwt. 

20 pennyweights. 1 ounce -- 480 grains. 

12 ounces . 1 pound = 240dwts. = 57G0 grains. 


Troy weight is used for gold and silver. 

A earut of the jewellers, for precious stones is, in the U. S. =- 3 2 grs.; in 
London, 3.17 grs , in Paris, 3 18 grains, divided into 4 jewellers’ grs In troy, 
apothecaries' and avoirdupois, the grain is the same. 

Apothecaries* W eight. U. S. and British. 


20 grains. 1 scruple. 

3 scruples . 1 drain — f>0 grains. 

8 drams. 1 ounce -- 24 scruples — 480 grains 

12 ounces. 1 pound — 96 drains -- 288 scruples — f»7f*0 grains. 

In troy and apothecaries’ weights, the gram, ounce and pound arc the same. 

Avoirdupois or Commercial Weight. U. S. and British. 

27.3437.1 grains... 1 diani 

16 drains... 1 ounce — 437V, grains. 

16 ounces. 1 pound — 256 drains — 7000 grains. 

28 pounds. 1 quarter — 448 ounces. 

4 quarters . 1 hundredweight — 112 lbs. 


20 hundredweights. 1 ton — 80 quarters — 2240 lbs. 

A stone — 14 pounds. A quintal = 100 pounds avoir. 

The standard of the avoirdupois pound, which is the one in 

common commercial use, is the weight of 27.7015 cub ins of pure distilled water, 
at its maximum density at about J'ahr, in latitude of Loudon, at the level 
of the sea; barometer at 30 ins But this invuhes an error of about I part in 
1362, for the lib oi water = 27.68122 cub ms 
A troy lb = .82286 avoir lb. An avoir lb — 1 21528 troy lb, or apoth, 

A troy ok. = 1.09714 avoir oz An avoir oz -= .911458 troy oz , or apoth. 

Long Measure. II. S. and British. 


12 inches.1 fool — .3047973 metre 

3 feet.1 yard = 36 ins ~ .9143919 metre 

5% yards. 1 rod, pole, or perch — WA feet — 198 ins. 

40 rods. 1 furlong - 220 yards - 660 feet 

8 furlongs. 1 statute, or land mile -- 320 rods — 1760 yds =[,5280 ft = 63300 ins. 

3 miles. 1 league - 24 furlongs — 960 rods — 5280 yds = 1.5840 ft 


A point 7 ' 5 inch. A line - 6 points - ,’ 3 inch A palm -= 3 ins. A 
hand — 4 ins. 'A span = 9 ins A fathom - li feet. A cable's length 
= 120 fathoms — 720 feet. A Gunter's surveying chain is 66 feet, or 4 
rods long. It has 100 links, 7.92 inches long. 80 Gunter’s chains - 1 mile. 

A nautical mile, geographical mile, sea mile, or knot, is 

variously defined as being -- the length of 

metres feet statute miles 

1 min of longitude at tho equator — 1855 34.5 0087 15 1 152S7 

1 « Latitude “ “ 1842 787 0045.95 1 14507 

] “ “ “ pole - 1801.055 0107 8.5 1.15079 

1 “ “ at lat 45° « 1852 181 0070.70 1 1.5090 

1 “a great circle of a trvA ( value adopted by IT. S. toast 
tmhere whose surface area is l — and Geodetic Survey 
equal to that of the earthJ (1853.248 0080 27 1.15157 

British Admiralty knot == 1853.109 0080.00 1.15152 

Navigators use “knot" to mean a upped of 1 knot per hour. 
Minutes, in meters aud in ft, as above, calculated from Clarke's 
spheroid. TJ. S. Coast & Geod Survey, Kept for 1881, App. 12. 
Radius Arc of 1 Deg Arc of 1 Min Arc of 1 Sec 

100 ft 1.74533 ft 0.02000 ft 0.000485 fl 

1 mile 02.1554 ft 2.5350 ft 0.0250 ft 

Earth’* great circle. Radfu«, equatorial, = 3063.27 miles; 
polar = 3940.83 miles. Arc of I s = chord of 1° + 4.6356 feet. 

Length of degree of latitude, in miles. At equator, 68.70; at 
lat 20°, 68.78; 40°, 60.00 ; 60°, 60.23; 80°, 60.30; 00°, 60.41. 
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Lengths of n Degree of Longitude in different Latitudes, 

and at the level of the Sea. These lengths are In common land or statute miles, 
Of 5280 ft. Siuoe the figure of the earth hns never been preciady ascertained, these are but close ap 
proximatlou8. Intermediate ones maybe found oorrectly by simple proportion. l°of longitude 
BorrespondR to 4 mint of olvll or clock time; 1 min of longitude to 4 secs of time. 


Deg of 
Lat. 

Miles. 

l Lat° r j 

Miles. | 

Dcgofl 
Lat. ! 

Miles. 

Deg of | 
Lat. ! 

Miles. 

Deg of! 
Lat. 

Miles. 

Deg of 
Lat. 

Milos. 

0 

m lb 

U 

67 U 1 

28 1 

01.11 

42 

51.47 

56 

38 76 

70 

23.72 



16 

66 ;>o 

:«) 1 

511 94 

44 , 

40 88 

58 

86 74 

72 

21.43 



18 

or. ho 

.82 

58 10 

46 

48 12 

60 

84 67 

74 

19 12 

6 

68 78 

20 

65 02 

84 

57.30 

4H 

46 86 

62 

32.5(1 

76 

16 78 




bl 15 

,1b 

5b 01 

50 i 

44 54 

64 

80 40 

78 , 

14 42 

10 


24 

6'1 21 

38 

54 56 


4>67 

66 

28 21 

80 1 

12.05 

12 

87.66 

26 

61.20 . 

40 

58 05 

54 J 

40.74 

68 

25.08 

82 

0.66 


Inches reduced to Decimals of a Foot. No errors. 


Ins. 

Foot. 

lD8. 

Foot. 

Ins. 

Foot. 

Ins. 

Foot 

InR. 

Foot 

1U8 

Foot. 

O 

■ 00(H) 

2 

.1667 

4 

.3731 

6 

.5000 

H 

.6607 

10 

.8333 


3812b 


.1693 




.5026 


.4(69.7 


.8359 

1-16 

.0052 


1719 


.3.185 




.6719 


.8385 

3-32 

0078 


.1745 


3111 


.(6)78 


.6745 


.8411 

4 

3)104 

4 

1771 

X 

.1438 

x 

.5104 

4 

.6771 

4 

.8438 

5-32 

.0130 


1797 


.3464 


.513(1 


.6797 


.8464 

3-16 

0156 


.1823 


.3490 


.5156 


.6823 


.8490 

7-32 

.0182 


1849 


.3516 


.5182 


.6849 


.8616 

X 

0208 

X 

1875 


.3542 

X 

5208 

X 

.6875 

X 

.8542 

9-32 

0231 


1901 


.3566 


.5214 


.6901 


.8668 

5-16 

0260 


.1927 


.3594 


.5260 


.6927 


.8594 

11-32 

.028b 


1953 


3C20 


.5286 


.6953 


.8620 

X 

0313 

X 

1979 

X 

..4li 46 

X 

.5313 

X 

.0979 

X 

.8646 

13-32 

03.19 


2005 


.3672 


.5339 


.7005 


.8672 

7-16 

.0365 


2031 


3698 


.5365 


.7031 


.8698 

15-32 

0391 




.3721 


.5.191 


.7057 


.8724 

4 

.0417 

4 

20.83 

4 

..1750 

4 

.5417 

4 

.70Ki 

4 

.8750 

17-32 

0443 


.2109 


.3776 


.541.1 


.71(83 


.8776 

9-16 

.0469 


.21.45 


.3802 


.5469 


.7135 


.8802 

19-32 



.2161 


.3828 


.5195 


.7161 


.8828 

X 

.0521 

4 

2188 

4 

.3854 

% 

.5521 

% 

.7188 

X 

.8864 

21-32 

.0547 


2214 


.3880 


.5547 


.7214 


.8880 

11-16 

0573 


2240 


.3906 


.5573 


.7240 


.8906 

23-32 

.0599 


2266 


.3912 


55*M 


.7266 


.8932 

X 

0625 

X 

2292 

X 

3958 


.5025 

X 

.7292 

X 

.8958 

25-32 

.0651 


2118 


.3984 


.5651 


.7318 


.8984 

18-16 

.0677 


2344 


.4010 


.5677 


.7344 


.9010 

27-32 

0703 • 


2.470 


.4036 


.570.1 


.7370 


.9036 

X 

0729 

X 

.2396 

X 

.401 hi 

X 

.5729 

X 

7396 

X 

.9063 

29 32 

0755 


2422 


.4089 


.57.>5 


.7422 


.9089 

15-16 

.0781 


.2440 


.4115 


.5761 


.7448 


.9116 

31-32 

.0807 


2474 


.4141 


.5807 


.7474 


.9141 

■ 

.0833 

3 

2.500 

5 

.4167 

7 

.5833 

9 

.7500 

11 

.9167 

1-32 

.0859 


.2526 


.4191 


.5859 


.752(i 


.9198 

1-16 

.0H85 


2552 


.4219 


.5885 


.7552 


.9219 

3-32 

.0911 


.2.578 


.4245 


.5911 




.9245 

4 

.0938 

X 

2604 

4 

.4271 

4 

.5*4.18 


.7604 

4 

.9271 

5-32 

.0964 


26.10 


.4297 


.5904 


.74.30 


.9*297 

3-16 

.0940 


.2656 


.4323 


.5990 


.7656 


.9323 

7-32 

.1016 


2682 


.4319 


.6016 


.7G82 


.9349 

X 

.1042 

X 

2708 

X 

.4.375 

X 

.6042 

X 

.7708 

X 

.8375 

9-32 

.1068 


2734 


.4 401 


.6068 


.7734 


.9401 

5 16 

109 4 


2760 


.4427 


.60414 


.7760 


.9427 

11-32 

.11") 


.2786 


4453 


.61*20 


.7786 


.9458 


.1146 

% 

.2813 

% 

.4479 

X 

.6146 

X 

.7813 

X 

.9479 

13-32 

.1172 


2839 


.4505 


.6172 


.7839 


.9505 


.1198 


.2865 


.4531 


.6198 


.7865 


.9531 


.1224 


.2891 


.4357 


.6224 


.7891 


.9557 

Y 

.1250 

4 

.•2917 

4 

.458.3 

4 

.6250 

4 

.7917 

4 

.9583 

17-32 

.1270 


.2943 


.46(8) 


6 *76 


.7943 


.9609 


.1302 


.29^19 


4635 


.0102 


.7969 


.9635 


.1328 


.2995 


.4661 


.6328 


.7905 


.9661 


.1.354 

% 

.3021 

X 

4688 

% 

.6354 

X 

.8021 

X 

.9688 

21-32 

.1380 


.3047 


.47U 


6380 


.8047 


.9714 


.1406 


.3073 


.4740 


.6406 


.8073 


.9740 


.14.32 


.3099 


.4766 


.6432 


.8099 


.9766 


.1158 

X 

.8125 

X 

.4792 

X 

.6458 

X 

.8125 

X 

.9792 


.1484 


.3151 


.4818 


.6484 


.8151 


.9818 


.1510 


.3177 


.4844 


.6510 


.8177 


.9844 


.1536 


.3203 


.4870 


.6536 


.8203 


.9870 


.1563 

X 

.3229 

X 

.4696 

X 

.6563 

X 

.8229 

X 

.9896 


.1589 


.3255 


.4922 


.6589 


.8255 


.9922 


.1615 


.8281 


4948 


.6615 


.8281 


.9948 

31-32 

.1641 


.3307 


.4974 


.6641 


.8307 


.9974 
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Square or Land Measure. U. S. and British. 

144 square inches = 1 square foot. (100 sq ft *=> I sqnare); 

9 square feet = 1 square yard = 1296 square inches; 

30.25 square yards = 1 square rod = 272.25 square feet; 

40 square iods => 1 rood = 1210 square yards; 

4 roods *= 1 acre *= 160 rods = 4840 sq yds = 43,560 sq ft; 

640 acres = 1 square mile. 

IJ. 8. Public Land** are divided into townships, sections and quarter- 
sections. bounded by meridians and parallels. Nominally a township is 
6 miles square and contains 36 sections, each 1 mile square and contain¬ 
ing 4 quarter-sections, 0.5 mile square. By law, errors, including those 
due to convergence of the meridians, arS shifted to the northern 
and western quarter-sections of the township. 

1 Circular Inch = circle, 1 inch in diameter, = Logarithm. 

0.785398.sauare inch .n 1.895 0899 

1 Square Inch =* 

1.27324.circular inches...0.104 9101 


See also “ Surface,*’ pp 233. 234. 

Cubic or Solid Measure. C. S. and British. 

1728 cubic inches = 1 cubic foot. 27 cubic feet = 1 cubic yard. 
1 British Rod of Bricklaying = 16.5 ft. sq. of 14 inch wall. 

1 British Rod, engineering. = 306 cubic feet. 

1 Toisc — 261.5 cubic feet; 1 Chaldron — 58.64 cubic feet. 


Sec also “ Volume,” pp 231. 235. 


1 Cubic Foot => 

3300.24.spherical inches. 

1.90986.spherical feet. 

0.803564 .U. S. bushel. 

0 267855.flour bbl. of 3 struck bushels.. 

0.237477.U. 8. hq. bbl. of 31* gallous... 

1 Cubic Inch = 

1.90986.spherical inches.. 

I Cubic Yard =* 

201.974 .U. S. gallons . 

7.23207 . flour bbls. of 3 struck bushels. 

21.6962.U. S. struck bushels. 


Logarithm. 
. .3.518 5451 
... 0.281 0014 
n 1.905 0204 
n 1.427 8991 
u 1.375 6211 


.0.281 0014 


2.305 2955 
..O.H59r2629 
. 1.336 3842 


1 Spherical Foot = sphere, 1 foot in diamUer, = 

0.523599 .cubic foot.n 1.718 9980 

904.779...cubic inches.2.956 5423 

14.8268.liters.1.171 0461 


I Spherical Inch = sphere, 1 inch in diameter, = 

0.523599.cubic inch.n 1.718 9986 

8.58030.cubic centimeters.0.933 5024 


1 Cylinder, 1 foot diameter, 1 foot long *• 

0.0290888.cubic yard. 2.463 7261 

0.786398.cubic foot .n 1.895 0899 

1357.17.cubic inches.3.132 6336 

5.87519 .U. S. liquid gallons.0.769 0216 

4.89468 .British imperial gallons.0.689 7244 

22.2401.liters.1.347 1374 

I Cylinder, I inch diameter, 1 loot long - 

9.42478.cubic inches.0.974 2711 

0.326399.U. S. liquid pint.n 1.513 7491 

0.271927.British imperial pint.n 1.434 4519 

0.164445.liter.n 1.188 7749 


n Negative characteristic. 
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liquid Moasnro. IT. 8. only. 

See also - Volume," pp 234-5. 
llHNod upon the old British wine gallon of 231 cubic inches. A cylinder 
7 ins diameter. 6 ins high, contains 230.907 cubic inches. A cube, of 6.1358 
ins, 231.0008 cub ins. 

4 gills 1 pint ,63 gallons — 1 hogshead 

2 pints =* 1 quart -= 8 gills , 2 hogslieads =- 1 pipe or butt 

4 quarts ■- 1 gallon = 8 pints — 32 gills | 2 pipes — 1 tun. 

In the U S. and Great Britain, a barrel of wine or brandy => 31.5 

gallons — 4.211 cub ft — cube of 1.6149 ft. -» cube of 19.3789 ins; in 
Pennsylvania, a half-barrel = 16 gallons; a double barrel — 64 gals. .4 
pitnclicon •=• 84 gals. A tierce == 42 gals. 


Content's of cylinders. 

Pint, 3.5 ins diam, 3 001 ins high I 2 gallons, 7 ins diam. 12.005 ins high 

Quart, 3 5 “ ,l 6 002 “ “ ! 8 •• 14 “ “ 12.005 “ “ 

Gallon, 7.0 “ “ 6.002 “ “ ,10 “ 14 “ “ 15.006 “ “ 


Apothecaries’ or Wine Measure. 


Meamire. 

Symbol. 

Pints 

Fluid 

Fluid 

Minims. 

Cubic 

Weight of wmter4 

ounces 

drachma. 

inches. 

Pound*, bv. 

Grains. 



8 

128 

102* 

61440 

231 

8 345 

68415 

1 Pint. 

o * 

* 

18 

128 

7W0 

28.875 

Ounces, bv. 


1 Fluid ounce ... 

f% 


1 

8 

480 

1.8047 

1.043 

456 4 

1 Huirt diachlil.. 




1 

60 

0 2250 


57 05 

1 Mum.. ... . 

ni 




1 

0 0038 


o.vt 


Dry Measure. U. S. only. 

Baaed upon the old British Winchester struck bushel of 2150.42 cubic 
inches. Dimensions, 18.5 ins inner diam ; 19.5 ms outer diam ; 8 ins deep. 
When heaped, cone not less than 6 ins high. 

2 pints = 1 quart 12 gallons = 1 peck = 8 qts ■= 16 pints 

4 quarts = 1 gallon = 8 pints | 4 pecks -=» 1 bushel = 8 gals *= 32 qts 

— 64 pints 

Cement barrels, approximate dimensions, etc. 

Portland. Height, between heads, 2 to 2.2 ft. Capacity, between heads, 
3.1 to 3.5 cu ft. Cement in barrel, net 370 to 387 lbs; packed, 3 to 3.5 cu ft; 
loose, 3.7 to 4.2 cu ft. Weight per cu ft: packed, 114 to 123 lbs; loose,89 
to 100 lbs. § 

Natural. Capacity, 3.4 to 3.8 cu ft. Net weight, Western states, 265 
lbs; Eastern states, 300 lbs; making weight per cu ft, packed, 78 to 79 lbs. 

Cement ba#M. Am Soc for Testing Materials specifies, Nov 14.1904, 
that a bag shall contain 94 lb*' net. Portland, 4 bags to a barrel; natural, 

3 bags. 


* Abbreviation of Latin, Congius. t Abbreviation of Latin, Octanus. 

$ At its maximum density, 62.425 lbs per cub ft, corresponding to a 
temp of 4° C — 39.2° F. 

|Sanford K. Thompson, Fng. News, Oct. 4, 1900- 
T,' Proceedings, 1904, Vol IV, p. 107. 
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Bushel** ami Barrel*. 

A struck bushel = 1.24446 cubic feet; 

A cubic foot = 0 80356 struck bushel; 

A flour barrel = 3.75 cubic feet = 3 struck bushels. 

In ordering by the barrel, specify its contents, as in pounds or in cubic inches. 

British Imperial Measure. 

Act of Parliament of 1897. Order of Council issued 1898, May 19. 


Logarithm 

1 Imperial gallon * 4.545 963 1 liters.0 657 6259 

* 277 420 . cubic inches. 2 413 1378 

= 1.200 952 . . V S gallons >.0 079 5258 


To obtain the size** of commercial measures by means of the 
weight of water 

See Conversion Tables (14) Weights of Volumes of Water, p 241. 

(15) Volumes of Weights of Water, p 242. 
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Metric Measures of Length. 


By U. 8. and Brltlnh Standard. 



Ins. I 

Ft. 

Yds. 

Miles. 











3.9370428 1 

.32808(59 

.1093623 





1.093623 




39:5.70428 

32.808(59 

10 93(523 


Hectometre.: 


Road 

328.08(59 

109 3623 

.0621375 

Kiloinelre.. 


measures. 

3280.809 

1093.623 1 

.6218750 

Myrlaunetre.%... 1 



32808.(59 

10936.23 1 

6.218750 


• Nearly the ,} r purl of au tuoh. t Full 'h°h. 

} Very nearly”? ft, 3** ins, which is too long by only 1 pint In 8610. 


Metric Square Measure. 


By E. 8. and Brltlnh Standard. 



Sq. Ins. 

Sq i'eet. 

Sq. Yds. 

Acres. 














.0119601 


Sq Metre, or Centiarc. 

1550.03 

10 764101 

1.19601 

.000247 

Sq Decametre, or Are. 

155003 

1076.4101 

119.6011 

.024711 



10764.101 

1196.011 

.247110 



107641.01 

11960.11 

2.47110 

Sq Kilometre. 

3861090 sq miles. 

10764101 

1196011. 

247.110 

Sq Myriametre. 

38.(51090 “ 



24711.0 


Metric Cubic or Solid Measure. 


According to C. 8. Standard. 

Only those marked Bnt" are British. 


Millilitre, or cub 
Centimetre 

Cub Ins. 

.0610254 

(Liquid. .0084537 gill. 

^ “ .0070428 Brit gill. 

(Dry. .0018162 dry pint. 

Centilitre . 

.610254 

( Liquid. .084537 gill. 

“ .070428 Brit gill. 

(Dry. .018162 dry pint. 


6.10254 

(Liquid. .84537 gill = .21134 pint. 

■1 “ .70428 Brit gill — .17607 Brit pint. 

(Dry. .18162 diy pint. 


Litre, or cubic 
Decimetre. 

61 0254 

(Liquid. 1.05671 quart = 2.1134 pint9. 

< “ .88036 Brit quart = 1.7607 Brit pints. 

(Dry. .11351 peck = .9081 dry qt = 1.8162 dry pt. 

Decalitre, or 

Centistere. 

610.254 

Cub Ft. 

.353156 

< Liquid. 2.64179 U. S. liquid gal. 

< “ 2.20090 Brit gal. 

(Dry. .283783 bush = 11351 peck ■* 9.081 dry qts. 

Hectolitre, or 
Decistere. 

3.53156 

(Liquid. 26.4179 U. S. liquid gal. 

J. “ 22.0090 Brit gal. 

(Dry. 2.83783 bush. 

Kilolitre, or 

Cubic Metre, 

35.3156 | 

1 Liquid. 264.179 U. S. liquid gal.) 

< “ 220.090 Brit gal. yds, 1.8080. 

(Dry. 28.3783 bush. j 

Myriolitre, or 
Decastere. 

353.156 
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Metric Weights, reduced to common Commercial or Avoif 
Weight, of 1 poumi = 16 ounces, or 7000 grains. 


Grains. 

Milligramme. 015432 

Centigramme. .15432 

Decigramme. 1.5132 

Gramme. 15 122 

t’ouods ar. 

Decagramme. 022046 

Hectogramme.. 4 .. 22046 

Kilogram no. 2 2046 

Mynogramme . 22.046 

Quintal*.. 220 46 

Tonneau; Millier; or Tonne . 2204 0 


The gramme is the* basis of French weights: and la the weight of a cub centimetre of distilled 
water at its max density, at aeakid, in lat of Paiis; baroni 29.922 ins. 


French Measures of the “Nysteme Lsuel.*" 

This system was in use from atiout 1812 to 1840. when it was forbidden by law to nae even Its nam<« 
This was done in order to expedite the general use or the tables which web ate before given. But at 
the Systems Usuel appears in books published during the above interval, we add a table of some of its 
values. 

Measures of Length. 


Llgne usuel, or line.. 
Pouoe usuel, or inch, 
Pied tuuel, or foot, = 
Aune usuel, or ell ... 
Tolao usuel,=Cpieds 



Yards. 

Feet. 

Inches. 



.06113 

1.09362 

13.12344 

47.245 

78.74172 



.09113 

1 09.162 

3 93708 
6.66181 

12 pouces.. 

.36454 

1 SI 236 

2 18727 




Weights, Usuel. 

Cubic, or Solid, UaueL 

■train usuel. 

8375 grains. 

60 297 “ 

1 10258 avoir oz. 

Litrou usuel, or 1 litre 

= 1.7608 British pint. 

Gros usuel. 

Once usuel. 


2.7512 British gals. 

Livre usuel, j 
or pouud, J. 

1.10258 avoir lb. 



Before 1812, or before the "Systerae usuel," the Old System, “ Hj steme Auden," was in use. 


French Measures of the “Nysteme Auden."* 


Lineal. 

Square. 

J Cubic. 

Point anclen, .0148 ins. 

SlJ IIIS. 

1 .1)0789 

Sq ft. 

|sq. yds 

r ins 

c. rt. 

C. yds. 






Pied anoien, 12 7892 ins “1.06577 ft.; 

Anne aucien, 46.8939 ins =8.90782ft=1.302«J yds 


1 13 >9 

40 8808 

42)434 . 


1.2106 

261 482 

9.684! 








i 




There is, however, much confusion about these old measures. Different measures had Uic same 

name in different provinces. 


• Tin wnirdufris quintal Is 100 avoirdupois pounds. 
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Russian. 

Foot; same as U. 8. or British foot. Machine = 7 feet. Verst«* 50C 
sachine = 3500 feet = 1166% yards = .6629 mile. Pood =■ 36.114 lbs avoirdupois 


Spanish. 

The castellano of Spaiu and New Granada, for weighing gold, is variously 
estimated, from 71.07 to 71.04 grains. At 71.055 grains, (the mean between the 
two,) an avoirdupois, or common commercial ounce contains 6.1572 castellano: 
and a ft) avoirdupois contains 98.515. Also a troy ounce = 6.7553 castellano; ana 
a troy lb = 81.064 castellano. ThreeU.8. gold dollars weigh about 1.1 castellano. 

Tlic Spanish mark, or raarco, for precious metals, in South America, 
may be talten in practice, as .5065 of a th avoirdupois. In Spain, .5076 ft. In 
other parts of Europe, it has a great number of values; most of them, however, 
heing between .5 and .54 of a pound avoirdupois. The .5065 of a ft = 3545% 
grains; and .5076 1b = 3553.2 grains. 1 marco = 50 castellano* = 400 tomine = 
4800 Spanish jwW-grains. 

The arroba has various values in different parts of Spain. That of Cas- 
til‘* O- Madrid, is 25 4025 lbs avoirdupois; the tonelada of Castile = 2032.2 
tbs avoirdu|KMs; the quintal = 101.61 fts avoirdupois; the libra = 1.0161 
tbs avoirdupois; the cantara of wine, Ac. of Castile = 4.263 U. 8. gallons; 
that of Havana = 41 gallons. 

The vara of Castile = 32.8748 inches, or almost precisely 32% inches; or 2 
feet 8% inches. The fanejpada of land since 1801 = 1.5871 acres = 69134.08 
square feet. The fanega of corn, Ac =» 1.59914 U. S. struck bushes. In 
California, the.vara by law - 83.372 U. 8. inches; and the lejrua » SOOC 
varas; or 2.6335 U. 8. milee. 
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• At maximum density, = 4° Centigrade, = 39.2° Fahr. 
f See page 217. 
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decimals: thus. 0.0*1616 - 0.0151616.. . t Kxact values, n. Negative characteristic. 
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W) VALUE PER VOLUME. ■ (2J) VaJX'E PER VOLUME.—(Continued.) 

1 Dollar per Cu Foot — Logarithm. 1 Penny per Gallon Imp — Logarithm. 

111-1.shillings per cu yard.2.046 1 686 .cents per gal US.0.227 

13.36. cents per U S gal.1.126 2 308.centimes per liter.0 363 

0.183.franc per liter. . . .n 1 262 .1.87.pfennigs per liter.0.272 
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WEIGHTS AHD MEASURES. 


TABLE OF ACRES REQUIRED per mile, and per 100 reel, 
tor different widths. 


Width 

Keet. 

Acres 

per 

Mile. 

|R-r 
100 Ft. 

Width. 

Feet. 

Acres 

per 

Mile. 

ItWKt. 

Width. 

Feet. 

Acres 

per 

Mile. 

Acres 
per 
100 Ft 

Width. 

Feet. 

Anree 

per 

Mile. 

Acres 
per 
100 Ft. 

1 

.121 

.002 

26 

3.15 

.060 

52 

6.30 

.119 

78 

9.45 

.179 

2 

.242 

.005 

27 

3.27 

.062 

53 

6.42 

.122 

79 

9.5S 

.181 

3 

.364 

EEl 

28 

3.39 

.004 

54 

6.55 

.124 

80 

9.76 

.184 

4 

.485 

.009 

29 

3.52 

.067 

55 

6.67 

.126 

81 

9.82 

.186 

5 

.606 

.011 

30 

3.64 

.069 

56 

6 79 

.129 

82 

9.94 

.188 

6 

.727 

.014 

31 

3.78 

.071 

67 

6.91 

.131 

]4 

10. 

.189 

7 

.848 

.016 

32 

3.88 

.073 

% 

7. 

.133 

83 

10.1 

.190 

8 

.970 

.018 

33 

4.00 

■Hi 

68 

7.03 

.133 

84 

10.2 

.193 

'4 

1. 

.019 

34 

4.12 

■S3 

59 

7.15 

.135 

86 

10.3 

.195 

9 

1.09 

021 

35 

4.24 

flail 

60 

7.27 

.138 

86 

10.4 

.197 

10 

1.21 

.023 

36 

4.36 

.083 

61 

7.39 

.140 

87 

10.5 

.206 

n 

1.33 

MM’’ 

37 

4 48 


62 

7.52 

.142 

88 

10.7 

El 

12 

1.46 

.028 

38 

K£lli 


63 

7.64 

.145 

89 

10.8 

WeSm 

13 

1.58 

.030 

39 

BtSI 


64 

7.76 

.147 

■i ism 

10.9 

.207 

14 

1.70 

.032 

40 

4.85 


63 

7.88 

.149 

wmn 

11. 

.209 

15 

1.82 

.034 

41 

4.97 


66 

8. 

.161 

91 

11.0 

mmm 

16 

maim 

.037 

% 

5. 

.094 

67 

8.12 

.154 

92 

11.2 

.211 

M 

2. 

.038 

42 

EE1 

.096 

68 

8.24 

.156 

93 

11.3 

.213 

17 


.039 

43 

5 21 

.099 

69 

8.36 

.158 

94 

11.4 

.216 

18 

Wiki 

.041 

44 

533 

.101 

70 

8.48 

.161 

95 

11.5 

.218 

19 


.044 

45 

5 45 

.103 

71 

8 01 

.163 

96 

11.6 

.220 

20 

2.42 

.046 

46 

5.58 

.106 

72 

8 73 

.165 

97 

11.8 

.223 

21 

2 55 

.048 

47 

5.70 

.108 

73 

8.85 

.168 

98 

11.9 

.225 

22 

2.67 

.051 

48 

5.82 

.110 

74 

8 97 

.170 

99 

12. 

2227 

23 

2.79 

.053 

49 

5.94 

.112 

% 

9. 

.170 


12.1 

.230 

24 

•2.91 

.055 

A 

6. 

■ml 

75 

9.09 

.172 




% 

3. 

.057 

50 

ESI 

ym 

76 

9.21 

.174 




25 

3.03 

.057 

51 

6.18 

■ u7 

77 

9.33 

.177 





Functions of Grades. 


Tables of Grades, pages 255 to 257 See Figs, p. 255. 

Rise « ti; Klope = «; horizontal distance =-- A; sin A *= vis; 
cos A = A/«; tan A *= vlh; ctn A - A/v; sec A *=» «/A; 
esc A ■* »lv. 


v =■ 8 . sin A — A . Ian A *= A ~ ctn A = 
* = t> — sin A = A cos A = A. sec A = 
A = 8 . cos A = v ~ tan A = v . ctn A ■= 
In feet per mile, v + a « 5280 sin A . 

v A =- 5280 tan A 


a -T- esc A 
v . esc A 
a -i- sec A 


In small angles, 

approximately 
v - 0.01745 a A 0 

a - 57.30 v -r A 0 
A « 57.29 v 4 
v - a = R2.1*9 A° 
t> 4- A =■= 92.103 A 0 


The ratios for an angle of 1° are shown in the three figures opposite, 
in which the angle is necessarily exaggerated. In small angles the rise, 
in a given distance, may be taken as varying directly, and the sloping and 
horizontal distances, for a given rise, inversely, as the angle itself, expressed 
in degrees, as indicated above in the column headed “ In small angles.” 
Thus, in clinometer work, with small angles, 57.3 feet -4- A° ■* distance 
(horizontal or sloping) in feet per foot of rise. Hence, for small angles; 

Sloping or horizontal distance, a or A, in feet = 57.3 v -h A 0 . 
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1'able of Braden per mile, and per 100 feet measured taorl* 
zontally, and corresponding to different angles of lnclit 
nation. 


X * 

fi s 



Bl 


n 

s? s 
a 5 

Feet pei 
tuile. 

Feet per 

ioo rt. 

£ a | Feet per 

a a | 

Feet per 
100 ft. 

0 1 




69.11 

1.3090 

1 5fi 

181.3 

8.4341 

3 26 

816 8 

6.9994 

2 

3.072 

.0582 

46 

70.64 

1 3.481 

2 0 

184 4 

3.4924 

28 

819.8 

6.0679 

3 

4 608 

.0873 


72.18 

1.3672 

2 

187.5 

8.6506 

30 

322 9 

6.1163 

4 

6.144 

.1164 

48 

73.72 

1.8%3 

4 

190.6 

8.6087 

82 

326 0 

6 1747 

5 

7.6HO 

.1455 

49 

75.26 

1.4254 

6 

193.6 

8.6669 

84 

829.1 

6.2330 

6 

9.216 

.1746 

50 

76.80 

1.4545 

8 

196.7 

8.7250 

86 

332 2 


7 

10.75 

.2037 

51 

78 33 

1.48.47 

10 

199.8 

3.7833 

38 

335.3 

6.8496 


12.29 

.2328 


79 87 

1.5128 

12 

802.8 

8.8416 

40 

338.4 

6.4083 

9 

13 82 

.2619 

53 

81.40 

1.5419 

14 

205.9 

8.8999 

42 

341.4 

6 4664 

10 

15.36 

.2909 

54 

82.94 

1.5710 

16 

208 9 

8.9581 

44 

344.5 



11. 90 

.3200 


84.47 

1 6000 

18 

212 0 

4.0163 

46 

347.6 


12 

IS.43 

.3491 


86.01 

1.6291 

20 

215 1 

4.0746 

48 

350 7 

6.6418 

13 

19 96 

.3782 

57 

87 54 

1 (i583 

22 

218.1 

4.1329 

60 

353 8 


14 

21 50 

.4073 


89 08 

1 6873 

24 

221.2 

4.1911 

52 

356 8 


15 

23 04 

.4.164 

59 

90 62 

1 7164 

26 

224 3 

4.2494 

54 

859 9 

6.8163 

16 

24 58 

.4635 


92.16 

1.7455 

•28 

227 4 

4.3076 

56 

863 0 


17 

26 It 

.4946 

2 

95 23 

1.8038 

30 

230 o 

4.36511 

58 

31)6 1 


18 

27 64 

.52.(7 

4 

98.30 

1.8620 

32 

233 5 

4.4242 

4 

369.2 



29 17 



101 4 

1.9202 

34 

236.6 

4.4826 

6 

376.9 



30 72 

.5818 


104.5 

1.9784 

36 

239 7 

4.5409 

10 

384.6 

7.2842 

21 

32 26 

.6109 

10 

107.5 

2.0306 

38 

242 8 

4.5993 

15 

392.3 



3.1 K0 

.6100 


1106 

2 0918 

40 

245 9 

4.6576 

20 

400.1 



85 33 

.6641 

14 

113 6 

2.1530 

42 

248.9 

4.7159 

25 

407.8 

7.7234 


36 86 

.6482 

16 

116 7 

2.2112 

44 

262 0 

4.7742 

80 

415.5 

7.8701 

25 

3*40 

.7273 

18 

119 8 

2 2694 

46 

255.1 

4.8325 

85 

423.2 



39 94 

.7564 


122 9 

2 3277 

48 

258.2 

4.8908 

40 




41 47 

.7855 

22 

126 0 

2 3.859 

50 

361.3 

4.9492 

45 

438 7 

8.3087 





129 1 

2 44 11 

52 

264.3 

5.0075 

60 

*46.5 

8 455* 

29 

44 54 

.8436 

26 

132 t 

25024 

54 

267.4 

5.0658 

65 

454.2 

8.6021 

30 

46 98 

.8727 

28 

135 2 

2 5604 

56 

270.5 

5.1241 

5 





.9018 

30 

138.3 

*2 6186 

58 

273.0 

5.1824 

5 




44 16 

.9309 

82 

141.3 

•2 6768 

3 

276.7 

5.2407 

10 

477.4 


33 

60 69 

.9600 

34 

144 4 

2 7350 

2 

279.7 

5.2990 

15 




52 23 

.9*91 

.96 

147.4 

2 7932 

4 

282.8 

5.3573 

20 

492.9 



51 76 

1 0182 

38 


2 8514 

6 

285.9 

5.4158 

23 

500.6 




1.0172 

40 

153 6 

2 9097 

8 

•289.0 

5 4742 

30 

508 4 



56 H3 

1 0763 

42 

156 6 

2.9t.79 

10 

292.1 

5.5326 

35 





1.1054 

41 

159.7 

3 0202 

12 

295.1 

5 5909 








162.8 

3 0814 

14 

298 2 

5.6491 

45 







165.9 

3 1427 

16 

301.3 

5.7077 

60 

539.4 

10.215 


6? 47 


50 

169 0 

3 2010 

18 

304.4 

5.7660 

55 

547.2 





52 

172 0 

3 2592 

20 

307.5 

5.8214 


655. 



66 04 


54 

175.1 

3.3175 

22 

310.5 

5.8827 




44 

67.57 

1.2800 

56 

178.2 

8.3758 

24 

813.6 

5.9410 





On a turnpike road 1° 38', or about 1 iu 35, or 151 feet per mile, is thft 
greatest slope that will allow horses to trot down rapidly with safety. Iu crying 
mountains, this ie often increased to 3°, or even to 5°. It Bhould uever exceed 2^° ( 
except when atxjolutely necessary. 

Any hor dlst is = sloping dist X cosine ang of slope. 

(doping disjt is — hoi dist + cosine “ “ 

“ vert height is = hor dist x tangent" 41 44 

or = slnpm ' disl X sine “ “ 

A grade of n feet rise per 100 feet horizontal is usually called a grade o! 

n per cent. 



A^89.»8477 h=100 7i=57.28906 

Fuuclions of grade of 1 degree. See p 254. 
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WEIGHTS AND MEASURES. 


SLOPES IN FEET PER 100 FT. HORIZONTAL. 


The fractions of mmut-R are Riven only to 34 feet in 100. 

A clinometer graduated by the 3d column and numbered by the first oua 
will give at sight the slopes in feet per 100 feet. No errors Original 


Uc 

ill 

X 

Length of 
slope per 
100 ft hor. 

Angle of 
elope. 

«8u 

fZS 

lie 

« 

length of 
elope per 
100 ft hor. 

Angle of 
slope. 

■“ u a 
2 v „ 

2! &42 

X 

length of 
elope per 
100 ft hor. 

Angle of 
slope. 


Feet 

Deg. 

Min. 


Feet 

Deg. 

Min. 


Feet. 

Deg. 

Min 

1 

100.005 

0 

34 4 

35 

105 948 

19 

17 

69 

121.495 

34 

36 


100 020 


8.7 

36 

106 283 

19 

48 

70 

122 066 

35 

0 


100 045 

1 

43 1 

87 

106 626 

20 

18 

71 

122 642 

35 

23 


100 080 

2 

17.5 

38 

106 977 

■20 

48 

72 

123 223 

3b 

46 

5 

100 125 

2 

51 8 

39 

107.336 

21 

18 

73 

123 810 

36 

8 

8 

100 180 

3 

20 0 

40 

167.703 

21 

48 

74 

124 403 

36 

30 

7 

100 245 

4 

0.3 

41 

108.079 

22 

18 

75 

125 000 

36 

b* 

8 

100 .719 

4 

34.4 

42 

108 462 

22 

47 

76 

125 603 

37 

14 

9 

100.404 

5 

8.6 

43 

108.853 

23 

16 

77 

126 210 

37 

36 

10 

100.499 

5 

42 6 

44 

109 252 

23 

45 

78 

126 823 

37 

67 

11 

100.60" 

6 

16 6 

45 

109 659 

24 

14 

79 

127 440 

38 

19 

12 

100 717 

6 

506 

46 

110 073 

24 

42 

80 

128 062 

38 

40 

W 

100 841 

7 

24 4 

47 

110 494 

25 

10 

81 

128 690 

39 


14 

100 975 

7 

58 2 

48 

110 92" 

25 

38 

82 

129 321 

39 

21 

r> 

101 119 


81 0 

49 

111.359 

26 

6 

as 

129 958 

39 

42 

16 

101.272 

9 

54 

50 

111 803 

26 

34 

84 

130 599 

40 

2 

17 

101 455 

9 

38 9 

51 

112 254 

27 

1 

85 

131 244 

40 

22 

IS 

101.607 

10 

12 2 

52 

112 712 

27 

28 

86 

131 894 

40 

42 

19 

101.789 

10 

45 5 

53 

113 177 

27 

55 

87 

132 548 

41 

1 

20 

101.980 

11 

18 6 

54 

113 649 

28 

22 

88 

133 207 

41 

21 

21 

102 181 

11 

51 6 

55 

114 127 

28 

49 

89 

133 869 

41 

40 

22 

102.391 

12 

24 5 

56 

114 612 

29 

15 

90 

134 536 

41 

59 

23 

102 611 

12 

57 2 

57 

115 104 

•29 

4) 

91 

135 207 

42 

18 

W 

102 840 

13 

29 8 

58 

115.603 

30 

7 

82 

135 882 

42 

37 

35 

103 078 

14 

2 2 

59 

116 108 

so 

82 

93 

136 54.1 

42 

55 

26 

103 S25 

14 

84 5 

60 

116 619 

30 

58 

94 

137 244 

43 

14 

27 

103 581 

15 

66 

61 

117 137 

81 

23 

95 

137 981 

43 

22 

•x 

101 846 

13 

38 5 

62 

117 661 

31 

48 

96 

138 622 

43 

50 

' 29 

104.120 

16 

10 3 

63 

llh 191 

32 

13 

97 

1H9 311. 

44 

8 

to 

104 4<*3 

If. 

42 0 

64 

118 727 

32 

37 

98 

140 014 

44 


It 

104.695 

17 

18 4 

65 

119 269 

83 

1 

99 

140 716 

44 

43 

42 

101.99., 

17 

44.7 

66 

119 817 

33 

25 

100 

141 431 


00 

S3 

105 404 

18 

15 K 

1.7 

120 370 

33 

49 

101 

142 130 


17 

•U 

105,622 

18 

46 7 

69 

120 930 

34 

IS 

102 

142 843 

45 

34 


In describing railroad grades, it is usual, as in our tables to refer the 


rise, A, to the corresponding horizontal length, R. We then have , 1 ,w _ - 

length H 

the tangent of the angle, a, between the plane and Int 
„ / \ horizontal. If the rise, A, lie nferred to the slovnxi 

' rise *\ 

JC i mA-i- length, C, we have — ( -j = sine A ; and tin- 

, p L fraction is promotional to the component, S, of the 

’ A weight, W, in the direction of the slope. Thus, on a 

'• ^\ n ,r \ i grade where r se, A 0.1 X sloping length, C, we 

—1 -1—\. have sin « - 0 1, and S 0.1 W The tangent of a is 

I t \ 1 only njrfHozunatthj proportional to S; hut the steepest 

l l grades, surmounted by traction only, even on electric 

K- Ji >1 railways, rareiv, if ever, exceed from 13 to 15 per 

1 j cent; and, on those, the error, due to using tan a in- 

. .. , , K, ‘ !i, d of sin «, is leas than a difference of 0.2 per cent 

in the grade, and almut — 1 per cent of the true value of S. For steeper grades, 
such as those of rack railways, it should alwavs be s|a*oified whether the rise 
refers to the horizontal or to the sloping meaMircinent. 

"^i*®**® verse slopes, such as t hose of earth work, a re sometimes, like railroad 
grades, staled ia jX erlI ' Rl * „ sua || y io fthnnamlal li n 
it honzinilal li’ ft vertical ’ A 

\ ,s *l>o cotangent of the angle, a, with Ihe horizontal, or the tangent of the 


ancle (90°-n) with (tie vertical. Thus stated, a slope of 2 to 1 means a slope of 2 
horizontal to 1 vertical. 



GRADES. 




Table of grade* per mile; or per 100 feet measured hori« 
son tally. 


Orado 
in ft. 
lH>r mile 

Grade 
in ft. 
per 100 ft 

Grade 

In ft. 
per mile. 

Grade 
in ft. 
per 100 ft 

Grade 
in ft. 
per mile. 

Grade 

in ft. 
per 100 ft 

Grade 
iu ft. 
per mile 

Grade 
in ft. 
per 100 ft. 

l 

.01894 

39 

.73-64 

77 

1 45833 

115 

2.17803 

2 

.03788 

40 

.75758 

78 

t 1.47727 

116 

2.10697 

3 

.0)682 

41 

.77652 

79 

1.49621 

117 

2.21691 

4 

07576 

42 

.79545 

80 

1.51515 

118 

2.23485 

5 

.09470 

43 

.81439 

81 

1.53409 

119 

2.25379 

6 

-11364 

44 

.83333 

82 

1.55303 

120 

2.27273 

7 

.13258 

45 

.85227 

83 

1.57197 

121 

2.29167 

8 

.15152 

46 

.87121 

84 

1.59091 

122 

2.31061 

9 

.17045 

47 . 

.89015 

85 

1.60985 

123 , 

2.32955 

10 

.18939 

48 i 

.90909 

86 

l 62879 

124 

2.34848 

11 

.20833 

49 

.92803 

87 

1.64773 

125 

2.36742 

12 

.22727 

50 . 

.94097 

88 

1.66666 

126 

2.38636 

13 

.24611 

51 ' 

.96’.91 

89 

1.68561 

127 

2.40630 

14 

.26515 

62 , 

.98485 

90 

1.70455 

128 

2 42424 

16 

228409 

63 1 

1.00379 

91 

1.72348 

129 

2.44318 

16 

.30303 

64 | 

1.02273 

92 

1.74242 

130 

2.46212 

17 

32197 

65 

1.04167 

93 

1.76136 

131 

2.48106 

18 

.31091 ‘ 

66 

106061 

94 

1.78030 

132 

2 50000 

19 

.35985 1 

67 i 

1.07955 

95 

179924 

133 

2.51894 

20 

.37879 

68 

1.09848 

96 

1.81818 

134 

2.53788 

21 

.39773 

59 

1 11742 ' 

97 

1.83712 

135 

2 55682 

22 

.41667 

60 

1.15636 

98 

1.85606 

136 

2.57576 

23 

.43561 

61 

1 15530 

99 

1.87500 

137 

2.59470 

24 

.45455 

62 

1.17424 

100 

1.89391 

138 

2.61364 

25 

.47848 

63 

1.19318 

101 

1.912S8 

139 

2.63258 

26 

.49.42 

64 

1.21212 

102 

1.93182 

140 

"65152 

27 

.51136 

65 

1.23106 

103 

1 95076 

141 

2.67045 

28 

.53010 

66 

1 25000 

104 

1.96970 

142 

2.68939 

29 

.54924 

67 

1.26894 

105 

1.98864 

143 

2 70833 

80 

.56818 

68 

1.28788 

106 

2.00758 

144 

2 7 2727 

31 

.58712 

69 

1.30682 

107 

2.02652 

145 

2.74621 

32 

.6 >006 

70 

1 1 32576 

10S 

2.04545 

146 

2 76515 

.W 

.62600 

71 

1.31170 

109 

2.06439 

147 

2.78409 

34 

64394 

72 

1 31364 

no 

2.08333 

148 

2.80303 

.15 

! .66288 

73 

1 38258 

111 

2.10227 

149 

2.82197 

86 

.68182 

74 

1.40152 

112 

2.12121 

150 

2.84091 

37 

.;»h>76 

75 

1.42045 

113 

2.14015 

151 

2 85985 

•is 

.71''70 

76 

1.43939 

114 

2.15909 

152 

2.87879 


It the grade per mile should consist of feet and tenths, add to the gTade per 100 
feet iu the fun-going table, that cot responding to the number of tenths taken from 
the table below; thus, for a grade of 43.7 tool pet mile, we have .814,19 + .01326 = 
.82765 feet per 100 feet. 


Ft per Mile. 

Per 100 Feet. 

|pt per Mile ! 

Per 100 Feet 

Ft per Mile.' 

Per 100 Feet 

.05 

.00091 


.00758 

ns 

.01326 

.1 

.00189 


.00852 


.01420 

.15 

.00283 

M 

.00947 


.01515 

22 

.00379 

.65 

.01041 

■SB 

.01009 

.25 

.00473 


.01136 


.01705 

A 

.86 

.00568 

.00662 

.65 

.01230 

.95 

,0179b 
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WEIGHTS AND MEASURES. 


TABLE OF HEADS OF WATER CORRESPONDING TO 
GIVEN PRESSURES. 

Water at maximum density, 62.425 lbs. per cubic foot = 1 gram per cubic 
centimeter; corresponding to a temperature of 4° (eutigrade = 159 2 ° Fahrenheit. 

Head in feet = 2.306768 X pressure in lbs. per aquaie inch. 

“ “ — 0.0160192 X pressure in lbs. per square loot 

Heads corresponding to pressures not given in the table can be found by these 
formula;, or takeu from the table by simple proportion. 


























GRADES. 




Table of grade* per mile; or per 100 feet measured hori« 
son tally. 


Orado 
in ft. 
lH>r mile 

Grade 
in ft. 
per 100 ft 

Grade 

In ft. 
per mile. 

Grade 
in ft. 
per 100 ft 

Grade 
in ft. 
per mile. 

Grade 

in ft. 
per 100 ft 

Grade 
iu ft. 
per mile 

Grade 
in ft. 
per 100 ft. 

l 

.01894 

39 

.73-64 

77 

1 45833 

115 

2.17803 

2 

.03788 

40 

.75758 

78 

t 1.47727 

116 

2.10697 

3 

.0)682 

41 

.77652 

79 

1.49621 

117 

2.21691 

4 

07576 

42 

.79545 

80 

1.51515 

118 

2.23485 

5 

.09470 

43 

.81439 

81 

1.53409 

119 

2.25379 

6 

-11364 

44 

.83333 

82 

1.55303 

120 

2.27273 

7 

.13258 

45 

.85227 

83 

1.57197 

121 

2.29167 

8 

.15152 

46 

.87121 

84 

1.59091 

122 

2.31061 

9 

.17045 

47 . 

.89015 

85 

1.60985 

123 , 

2.32955 

10 

.18939 

48 i 

.90909 

86 

l 62879 

124 

2.34848 

11 

.20833 

49 

.92803 

87 

1.64773 

125 

2.36742 

12 

.22727 

50 . 

.94097 

88 

1.66666 

126 

2.38636 

13 

.24611 

51 ' 

.96’.91 

89 

1.68561 

127 

2.40630 

14 

.26515 

62 , 

.98485 

90 

1.70455 

128 

2 42424 

16 

228409 

63 1 

1.00379 

91 

1.72348 

129 

2.44318 

16 

.30303 

64 | 

1.02273 

92 

1.74242 

130 

2.46212 

17 

32197 

65 

1.04167 

93 

1.76136 

131 

2.48106 

18 

.31091 ‘ 

66 

106061 

94 

1.78030 

132 

2 50000 

19 

.35985 1 

67 i 

1.07955 

95 

179924 

133 

2.51894 

20 

.37879 

68 

1.09848 

96 

1.81818 

134 

2.53788 

21 

.39773 

59 

1 11742 ' 

97 

1.83712 

135 

2 55682 

22 

.41667 

60 

1.15636 

98 

1.85606 

136 

2.57576 

23 

.43561 

61 

1 15530 

99 

1.87500 

137 

2.59470 

24 

.45455 

62 

1.17424 

100 

1.89391 

138 

2.61364 

25 

.47848 

63 

1.19318 

101 

1.912S8 

139 

2.63258 

26 

.49.42 

64 

1.21212 

102 

1.93182 

140 

"65152 

27 

.51136 

65 

1.23106 

103 

1 95076 

141 

2.67045 

28 

.53010 

66 

1 25000 

104 

1.96970 

142 

2.68939 

29 

.54924 

67 

1.26894 

105 

1.98864 

143 

2 70833 

80 

.56818 

68 

1.28788 

106 

2.00758 

144 

2 7 2727 

31 

.58712 

69 

1.30682 

107 

2.02652 

145 

2.74621 

32 

.6 >006 

70 

1 1 32576 

10S 

2.04545 

146 

2 76515 

.W 

.62600 

71 

1.31170 

109 

2.06439 

147 

2.78409 

34 

64394 

72 

1 31364 

no 

2.08333 

148 

2.80303 

.15 

! .66288 

73 

1 38258 

111 

2.10227 

149 

2.82197 

86 

.68182 

74 

1.40152 

112 

2.12121 

150 

2.84091 

37 

.;»h>76 

75 

1.42045 

113 

2.14015 

151 

2 85985 

•is 

.71''70 

76 

1.43939 

114 

2.15909 

152 

2.87879 


It the grade per mile should consist of feet and tenths, add to the gTade per 100 
feet iu the fun-going table, that cot responding to the number of tenths taken from 
the table below; thus, for a grade of 43.7 tool pet mile, we have .814,19 + .01326 = 
.82765 feet per 100 feet. 


Ft per Mile. 

Per 100 Feet. 

|pt per Mile ! 

Per 100 Feet 

Ft per Mile.' 

Per 100 Feet 

.05 

.00091 


.00758 

ns 

.01326 

.1 

.00189 


.00852 


.01420 

.15 

.00283 

M 

.00947 


.01515 

22 

.00379 

.65 

.01041 

■SB 

.01009 

.25 

.00473 


.01136 


.01705 

A 

.86 

.00568 

.00662 

.65 

.01230 

.95 

,0179b 













260 


WEIGHTS AND MEASURES. 


TABLE OF PRESSURES (Continued). 



1 Pressure. | 


| Pressure. | 


j Pressure. 


lbs. per 

lbs. per 


lbs. per 

lbs. per 


lbs. per 

11*. per 


sq. in. 

sq. ft. 


sq. in. 

sq. ft. 


sq in. 

sq. ft. 

112 

48 5528 

0991.600 

141 

02.4250 

8989.200 

176 

76.2972 

1 10980.800 

118 

48.9863 

7054.025 

145 

62.8585 

9051 625 

177 

76.7307 

i 11049 225 

114 

49.4198 

7116.450 

146 

63 2920 

9114.050 

178 

77.1042 : 

11111.650 

115 

49.8533 

7178.875 

147 

63.7255 

9176.475 

179 

77 5978 

11174 075 

116 

50.2868 

7241.300 

118 

64 1590 

9238 900 

180 

78 0313 

! 11236500 

117 

50 7203 

7303.725 

149 

64 5925 

9301.325 

181 

78.1018 

! 11298.925 

118 

51.1538 

7366.150 

150 

65.0260 

9363.750 

182 

78.8983 1 

11301.350 

119 

51.5873 

7428.575 

151 

65.4596 

9426.175 

183 ■ 

79 3318 1 

11423.775 

120 

52.0208 

7491.000 

152 

65 8931 

9488.600 

184 

79.7653 ! 

11486.200 

121 

52 4543 

7553.425 

153 

00 3266 

9551.025 

385 

80.1988 

11548.625 

122 

52.8879 

7015.850 

154 

66 7601 

9613.450 

186 

80.6323 

11611 Oi>0 

123 

53.3214 

7678 275 

155 

67.1936 

9675.875 

187 i 

81 0658 

11073475 

124 

53.7549 

7748.700 

156 

67.0271 

9738.300 

188 

81.4993 

11735.900 

125 

54.1884 

7803 125 

157 1 

08.0006 

9800.725 

189 ! 

81.9328 

11798.325 

126 

54 6219 

7805.550 

158 ; 

08 4911 

9863 150 

190 

82.3663 

11860.750 

127 

55.0554 

7927.975 

159 

08 9276 

9925.575 

191 : 

82.7998 ! 

11923 175 

128 

55.4889 

7990 400 

100 

69 3611 

9988.000 

192 

83 2333 1 

11985.600 

129 

55.9224 I 

8052 825 

101 

69.7940 

10050 425 

193 

83 6609 . 

1204.'i 025 

130 

56.3559 j 

8115.250 

162 

1 70.2281 

10112 850 

194 

84 1004 

12110.450 

131 

56.7894 | 

8177.075 

163 

70 6016 

10175 275 

195 

84.5339 

12172 875 

132 

57.2229 

8240.100 

164 

[71.0951 

10237.700 

196 

84 9074 

12235.30(1, 

133 

57.6564 

8302.525 

165 

71 5287 

10300.125 

197 

85.4009 

12297.725 

134 

58 0899 

8364 950 

166 

71.9622 

10362.550 

198 

85.8;i44 : 

12300 150 

135 

58.5234 

8127.375 

167 

72.3957 

10424 975 

199 

80.2079 ! 

12422 575 

136 

58.9570 

8489.800 

108 

72.8292 

10487.400 

200 

80.7014 

i 12485 000 

137 

59 3905 

8552.225 

169 

73 2627 

10549 825 

201 

87 3349 

12547.42-5 

138 

59.8240 

8614.650 

170 

73 6902 

10012.250 

202 

87.5084 1 

12009 850 

139 

60.2575 

8677.075 

171 

74.1297 

10074.675 

203 

J 88 0019 ; 

12672.275 

140 

60.6910 

8739 500 

172 

74.5632 

10737.100 

204 

88.4354 ' 

12734.700 

141 

61.1245 

8801.92-5 

173 

74 9907 

10799 525 

205 

88 8089 ] 

12797 125 

142 

61.5580 

8864 350 

174 

75.4302 

10861.950 

206 

89.3024 

12859 550 

143 

61.9915 

8926 775 

175 

75.8637 

10924.375 

207 

89 7359 ! 

12921.975 
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Total prensnre, I*, against a vert plane, no, 
of unit width, ?/. perp to the paper, and of depth, D 
*= n u, beginning at water surf, n. Area of plane 
— a D •= 2 h ; h depth from surf, n, to een 
#f gras’, q, of ]>lane, n o. Water at its max density, 
or to - 1 gram per eu cm =* 62.-12r> lbs per cu ft, 
eorievponding to a tenip of 4° C --=* 3J.2 0 V. 
Let bo - ir L) -- unit pies at depth, D. Then 
/) 

f - t> I) v' h a. Hence, P is represented by 
area of ttiangle, » b o. 



With I) m meters, and y 1 meter, P, in kilograms, - 500 D-. 

\\ ith I> in feet, and y — 1 foot, P, in pounds, — 31.2125 D 2 . 

With D in inches, and y «= 1 foot, P,m pounds, = 0.21676 D 2 . 

Total liresMire, 1*, in lbw, on vortical plane, 1 ft wide, 

extending from water suif to depth, D. 


D. 

P. 

1). 

P. 

D. 

P. 

D. 

P. 

Ins. 

lbs. 

ins. 

lbs. 

ins. 

lbs. 

ins. 

lbs. 

1 


7 

10.621 

15 

EeSZEm 

30 

195.08 

2 

0.8670 

8 

13.872 

18 

70.229 

36 

280.91 

3 

1.9508 

9 

17.557 

21 

95.589 

42 

382.36 

4 

3.4681 

10 

21.675 

24 

124.85 

48 

499.40 

5 

5.4189 

11 

26.227 





6 

7.8032 

12 

31.213 



_ 


D. 

P. 

D. 

P. 

I>. 

P. 

yun 

P. 

ft. 

lbs. 

ft. 

lbs. 

ft. 

lbs. 

«. 

lbs. 

1 

31.213 

26 

21,100 

51 

81,184 

76 

180,283 

2 

124.85 

27 

22,754 

52 

84,399 

77 

185,059 

3 

280.91 

28 

24,471 

53 

87,676 

78 

189,897 

4 

499.40 

29 

26,250 

54 

91,016 

79 

194,797 

5 

780.31 

30 

28,091 

£ 

94,418 

80 

199,760 

6 

1,123.7 

31 

29,995 


97,882 

81 

204,785 

7 

1,529.4 

32 

31,962 

$ 

101,409 

82 

209,873 

8 

1,997.6 

33 

33,990 


104,999 

83 

215,023 

9 

2,528.2 

34 

36,082 


108,651 

84 

220,235 

10 

3,121.3 

35 

38,235 


112,365 

85 

225,510 

11 

3,776.7 

36 

40,451 

T 

116,142 

86 

230,848 

12 

4,494.6 

37 

42,730 

jy 

119,981 

87 

236,247 

13 

5,274.9 

38 

45,071 

jw 

123,882 

88 

241,710 

14 

6,117.7 

39 

47,474 


127,846 

89 

247,234 

15 

7.022.8 

40 

49,940 


131,873 

90 

252,821 

16 


, 41 

52,468 

$ 

135,962 

91 

258,471 

17 

9,020.4 

42 

55,059 

% 

140,113 

92 

264,183 

18 

10,113 

43 

57,712 


144,327 

93 

269,957 

19 

11,268 

44 

60,427 

$ 

148,603 

94 

275,794 

HI 

12,485 

45 

63,205 

7j 

152,941 

95 

281,693 

21 

13.765 

46 

66,046 

J 

157,342 

96 

287,654 

22 


47 

68,948 


161,806 

97 

293,678 

23 

16,511 

48 

71,914 


166,331 

98 

299,765 

24 

17,978 

49 

74,941 

[7 

170,920 

99 

305,914 

25 

19,508 

50 

78,031 


175,570 

100 

312,125 


For depth** not found in the table, we have, for any depth, D': 
total pressure, P, - <"*»'^ ^12^. where n - any number. 


Thus, tor a depth, 

. . . n total i 

total pressure, P, — — — 


total pressure for 2 X 8 .1 

~~ 4. 


2. Then: 

' f A - 2265.10 lb, 

4 


For a portion, e d, of the plane, we have, for total pressure on e d 
represented by trapezoid, d *: 

total pressure on e d - total pressure on « d — total pressure on n e. 
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TABLE OF DISCHARGES IN CUBIC FEET PER SECOND 
CORRESPONDING TO GIVEN DISCHARGES IN U. N. 
GALLONS PER 24 HOURS. 

U. S. gallon = 231 cubic iuches. 

Discharge in cubic feet per second = 1.54723 X discharge in millions of U. S. gal¬ 
lons per 24 hours. 


Millions 
of U. S. 
gals, per 
24 lira. 

Cubic feet 
per second. 

Millions 
ot U 8 
gals, per 
24 lire. 

Cubic feet 
per second. 

Millions 
of U. 8 
gals, per 
24 bra. 

Cubic foet 
[•or second. 

Millions 
of H. 8 . 
gals per 
24 hre. 

Cubic feet 
persecond 

.010 

.0154723 

13 

20.1140 

43 

66.5308 

' 

72 

111.400 

.020 

.0309446 

14 

21.6612 

44 

68.0781 

73 

112.948 

.030 

.0464169 

15 

23.2084 

45 

69.6253 

74 

114.495 

.040 

.0618891 

16 

24 7557 

46 

71.1725 

75 

116.042 

.0.50 

.0773614 

17 

26 3029 

47 

72.7197 

76 

117.589 

.000 

.0928337 

18 

27.8501 

48 

71 2670 

77 

119.137 

.070 

.108300 

19 

29.3973 

49 

75.8142 

78 

120.684 

.080 

.123778 

20 

30 9446 

50 

77.3614 

79 

122.231 

.090 

.139251 

21 

32.4918 

61 

78.9087 

80 

123.778 

.100 

.154723 

22 

34 0390 

52 

80.4559 

81 

125.326 

.200 

.309446 

23 

35.5863 

53 

82.0031 

82 

126.873 

.300 

.464169 

24 

37.1335 

54 

83.5503 

83 

128.420 

.400 

.618891 

25 

38 6807 

55 

85.0976 

84 

129.967 

.500 

.773614 

26 

40.2279 

56 

86.6448 

85 

131.514 

.600 

.928337 

27 

41.7752 

57 

88.1920 

86 

133.062 

.700 

1 08306 

28 

43 3224 

58 

89.7393 

87 

134.609 

.800 

1.23778 

29 

44 8696 

59 

91.2865 

88 

136.156 

.900 

1 39251 

30 

46.4169 

60 

92.8337 

89 

137.703 

1 

1 54723 

31 

47 9641 

61 

94 3809 

90 

139.251 

2 

3.09446 

32 

49.5113 

62 

95.9282 

91 

140.798 

3 

4 64169 

33 

51.0585 

63 

97.4754 

92 

142.345 

4 

6.18891 

34 

52.6058 

64 

99.0226 

93 

143.892 

5 

7 73614 

35 

541530 

65 

100.570 

94 

145.439 

6 

9.28337 

36 

55.7002 

66 

102.117 

95 

146.987 

7 

10.8306 

37 

57.2475 

67 

103.664 

96 

148.534 

5 

12.3778 

38 

58.7947 

68 

105.212 

97 

150.081 

9 

13 9251 

39 

60.3419 

69 

106.759 

98 

151.628 

\e 

15 4723 

40 

61.8891 

70 

108.306 

99 

153.176 

n 

17.0195 

41 

63 4364 

71 

109.853 

100 

154.723 

12 

18.5667 

42 

64 9836 
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WEIGHTS AND MEASURES. 


TABLE OF DISCHARGES 1ST CUBIC FEET PER SECOND 
CORRESPONDING TO GIVEN DISCHARGES IN IM¬ 
PERIAL GALLONS PER 24 HOURS. 

Imperial gallon = 277.274 cubic inches. 

Discharge in cubic feet per second * 1.85717 X dischatge in Imperial gallons per 

24 hours 


Millions 
of Imp. 
gals, per 
24 hra 

Cubic feet 
per tKsxind 

Millions 
ot Imp 
gals per 
24 hra. 

Cubic feet 
per second. 

Millions 
ol imp. 
gals per 
24 hi a 

CuMc feci 
perbmmd. 

Millions 

of Imp 1 Cubic feet 
gals, per pei second 
24 bra. 

.010 

.01857t7 

13 

24 1432 

43 

79 8583 

72 

1337162 

.020 

.0371484 

14 

26 0004 

44 

81.7155 

73 

135 5734 

.030 

.0557151 

15 

27 8576 

45 

83 5727 

74 

137.131 hi 

.040 

.0742868 

16 

29.7117 

46 

85 4298 

75 

139 2878 

.050 

.0928585 

17 

31 5719 

47 

87 287o 

76 

141 1449 

.060 

.111430 

18 

33 4291 

48 

89 1142 

77 

113 0021 

.070 

.1300112 

19 

35 2862 

49 

91 0013 

78 

111 8595 

.080 

.148574 

20 

37 1434 

50 

92 8585 

79 

116.7164 

.090 

.167145 

21 

39 0006 

51 

94 7157 

80 

1 IS 5736 

.100 

.185717 

22 

40 8577 

52 

96 5728 

81 

150 4308 

.200 

.371434 

23 

42 7149 

53 

US 4300 

82 

152 2879 

.800 

.557151 

24 

44 5721 

54 

1(M) 2872 

83 

154 1431 

.400 

.742868 

25 

46 4293 

55 

102 1441 

81 

1.56.0023 

.500 

.928585 

26 

48 28<>4 

56 

104 0015 

85 

157.8595 

.600 

1 11430 

27 

50 1436 

57 

105 8587 

86 

159 7166 

.700 

1 30002 

28 

52 0008 

58 

KI7 7159 

87 

161.5738 

.800 

1.48574 

29 

53 8579 

59 

109 5730 

88 

It .3 44K> 

.900 

167145 

:«) 

55 7151 

60 

111 l!i«2 

.89 

165 2081 

1 

1.85717 

31 

57 5723 

61 

113 2871 

90 

107 4453 

2 

3 71134 

32 

59.4294 

62 

115 1145 

91 

169.0025 

3 

5.57151 

33 

61.2806 

63 

117 0017 

92 

170 8596 

4 

7 12868 

34 

63 1438 

64 

118 8589 

93 

172.7168 

5 

9 2s585 

35 

65 0010 

05 

120 7100 

94 

174 5740 

6 

11 14 iO 

36 

66 8581 

(.6 

122 5782 

95 

176.1312 

7 

13 0002 

37 

68 7153 

67 

121 l«U 

96 

178.2883 

8 

14 8574 

38 

70-5725 

OS 

126 2s?0 

97 

180 1455 

9 

16 7145 

39 

72 429«> 

69 

128 1 U7 

98 

182 0027 

10 

18.5717 

40 

74 2h68 

70 

150.0019 

99 

183.8598 

11 

20.4289 

41 

7". 1140 

71 

131.8591 

100 

185 7170 

12 

22 2860 

42 

78 0011 
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TABLE OF DISCHARGES IN GALLONS PER 24 HOURS 
CORRESPONDING TO GIVEN DISCHARGES IN CUBIC 
FEET PER SECOND. 

U. S gallon =• 231 cubic inches. Imperial gallon = 277 274 cubic inches 
Discharge in U. S. gallons per 24 hours ^ 646317 X discharge in cubic feet 

per second. 

Discharge in Imperial gallons per 24 hours = 538454 X discharge in cubic feet 

per second. 


ib. ft. j 

r see. 

| 

Millions of 

U. S gallons 
per 24 hours. 

Millions of 
Impel lal gallons 
per 24 hours. 

Cub. ft. 
per sec. 

Milhous of 

U. S gallons 
per 24 hours. 

Millions of 
Imperial gallons 
per 24 hours. 

1 

0 646317 

0 538454 

53 

34.254795 

28 538044 

2 

1.292634 

1.070907 

54 

34.901112 

29 076498 

3 

1.9:18951 

1.015301 

65 

35 5474*28 

29.614951 

4 

2.585268 

2.153815 

56 

36.193745 

30.153405 

5 

3 231584 

2.692268 

57 

36.840062 

30 691859 


3.877901 

3.230722 

58 

37.486379 

31.2:40312 

7 

4 524218 

3.709176 

59 

38.1326% 

31.768766 

8 

5170535 

4 307629 

60 

38.779013 

32.307220 

9 

5.816852 

4.840083 

61 

39 425330 

32.845673 

10 

6.463169 

5 384537 

62 

40.071647 

33.384127 

11 

7.109486 

5.922990 

63 

40.717963 

33 922581 

12 

7.755803 

6 461444 

64 

41.364280 

84.461034 

13 

8.402119 

0 999898 

65 

42.010597 

34.999488 

14 

9 048436 

7.5.18351 

66 

42.656914 

35 537942 

15 

9.694753 

8 070805 

67 

43 303231 

36.076395 

10 

10.341070 

8.015259 

68 

43.949548 

36.614849 

17 

10.987387 

9 153712 

69 

44.595865 

37.153303 

ih ; 

11 633704 

9.692106 

70 

45.242182 

37 6917% 

19 ; 

12 280021 

10 230620 

71 

45.888498 

38.230210 

20 

12 926338 

10.709073 

72 

46.534815 

38.768664 

21 

1 1572054 

11.307527 

73 

47.181132 

39 307117 

22 

14 21S971 

11.845981 

74 

47.827449 

39 845571 

23 

14.865288 

12.3814.V4 

75 I 

48.473766 

40.384025 

24 

15 511605 

12 922888 

76 1 

49.1*20083 

40 922478 

25 

16.157922 

13.461342 

77 | 

49.766400 

41 460932 

26 

16 804239 

13.999795 

78 

50 412717 

41.999385 

27 

17 450556 

14 538*249 

79 

51 059034 

42 537839 

28 

18 096873 

15.076702 

80 

51.705:150 

43.076293 

29 

18 743190 

15 615156 

81 

52 351667 

43.614746 

30 

19.389506 

16.153610 

82 

52 997984 

44.153200 

31 

20.035823 

16.692063 

83 

53.641301 

44 691654 

32 

20.682140 

17.230517 

84 

51.290618 

45.230107 

33 

21 328457 

17.768971 

85 

54.936935 

45 768561 

34 

21.974774 

18.307424 

86 

55 58.1252 

46.307015 

35 

22 621091 

18.845878 

87 

56 229569 

46.815468 

36 

23.267408 

19.381332 

88 

56.875885 

47. <83922 

37 

23 913725 

19.922785 

89 

i 57 522202 ! 

47 922376 

38 

24.500041 

*20.401239 

90 

58.168519 

48.460829 

39 

25.200358 

20.91)9093 

91 

58 814836 

48 999283 

40 

25.852675 

21.538146 

9*2 

69 461153 

49 537737 

41 

26.498992 

22.(*"0600 

93 

60.107470 

50 076190 

42 

27.145309 

22 615054 

91 

60.753787 

60.614644 

43 

27 791626 

23.153507 

95 

61.400104 

51.153098 

44 

28.437943 

23.091%1 

96 

62 046420 

61.691551 

45 

29.084200 

24 230415 

97 

62.692737 

62.230005 

46 

29 730576 

24 708808 

98 

63.339054 

6*2.768459 

47 

30 370893 

25 307322 

99 

63.985371 

• 63 306912 

48 

31.023210 

25.8457 ,6 

100 

64.631688 

63.845366 

49 

31.609527 

20 384*229 

101 

65.278005 

64.38:1820 

50 

82.315844 

26,922083 

102 

65.924322 

64 922273 

51 

32.962101 

27.401137 

103 

66.570639 

65.460727 

52 

83.608478 

27.999590 

104 

67.216956 

65.999181 
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WEIGHTS AND MEASURES. 


TABLE OF DISCHARGER Con I i lined). 


Cob. ft. 
per sec. 

Millions of 

Millions of 


Millions of 

Millions of 

U. S. gallons 

Imperial gallons 

per sec. 

U. S. gallons 

Imperial gallons 

per 24 hours. 

per 24 hours. 

per 24 hours. 

per 24 hours. 

io.-> 

67.863272 , 

56.537634 

167 

107.934919 

89 921761 

10f) 

68 509589 

57.076088 

168 

108.581236 

90.460215 

107 

69.155906 

57.614542 

169 

109.227553 

90.998669 

108 

69.802223 

58.152995 

170 

109 873870 

91.537122 

109 

70.418540 

58 691449 

171 

116.520186 

92 075576 

110 

71.094857 

59.229903 

172 

111.166503 

92 614030 

311 

71.741174 

59.768356 

173 

111.812820 

93 152483 

112 

72.387491 

60.3O6K10 

174 

112.459137 

95 690937 

113 

73.03.5807 

60.845264 

175 

113.105454 

94.229391 

114 

73.680124 

61.383717 

176 

113.751771 

94 767844 

315 

74.326411 

61.922171 

177 

114.398088 

95.306298 

316 

74 972758 

62.160625 

178 

115 044405 

95.844751 

117 

75.619075 

62.999078 

179 

115.690722 

96 383205 

118 

76.265392 

63.537532 

180 

116.337038 

96.921659 

119 

76 911709 i 

64.075986 

181 

116 983355 

97 460112 

120 

77.558026 

64.614439 

182 

117.629672 

97 998566 

121 

78 204342 

65.152893 

183 

118 275989 

98 537020 

122 

78.850659 

65.691347 

184 

118.922306 

99.075473 

123 

79.496976 

66.229800 

185 

119568623 

99 613927 

124 

80.143293 

66 768254 

186 

120 214940 

100.152381 

125 

80.789610 

67 306708 

187 

120.861257 

100.690834 

126 

81 435927 

67.845161 

188 

121.507573 

101 229288 

127 

82.082244 

68.383615 

189 

122.153890 

101.767742 

128 

82.728561 

68.922068 

190 

122.800207 

102 306195 

129 

83.374878 

69 460522 

191 

123.446524 

102.841649 

130 

84.021194 ! 

69.998976 

192 

124.092841 

103.383103 

131 

84.667511 

70.537429 

193 

124.739158 

103 921556 

132 

85.313828 

71 075883 

194 

125.385475 

104 460010 

133 

85 960145 

71.614337 

195 

126.031792 

105.098464 

134 

86.606462 

72 152790 

196 

126.678108 

105.536917 

135 

87 252779 

72 691244 

197 

127.324425 

106 075371 

136 

87.899096 

73.229698 

198 

127.970742 

, 106.613825 

137 

88.54-5413 

73.768151 

199 

128.617059 

107 152278 

138 

89.191729 

74.306605 

200 

129 263376 

107.690732 

139 

89.838046 

74 845059 

201 

129.909693 

108.229186 

140 

90.484363 

75.383512 

202 

130.556010 

108.767639 

141 

91.130680 

75 921966 

203 

131 202327 

109 306093 

142 

91.776997 

76.460420 

204 

131 848044 

109.844547 

143 

92.423314 

76.998873 

205 

132.494960 

110 383000 

144 

93 069631 

77.537327 

206 

133.141277 1 

110.921454 

145 

93.715948 

78.075781 

207 

133 787594 

111.459908 

146 

94.362264 

78 614234 

208 

i:n.4:«m 

111.998361 

147 

95 008,581 

79.152688 

209 

135.080228 

112.536815 

148 

95.654898 

79.691142 

210 

135.726545 

113 075269 

149 

96 301215 

80.229595 

211 

136.372862 

113.613722 

150 

96.947532 

80.768049 

212 

137.019179 

114.152176 

151 

97.593849 

81.306503 

213 

137.665495 

114 690630 

152 

98.240166 

81.844956 

214 

138 311812 

115.229083 

153 

98.886483 

82.383410 

215 

138.958129 

115.767537 

154 

99.532800 

82.921864 

216 

139.604446 

116.305991 

155 

100.179116 

83.460317 

217 

140.250763 

116.844444 

156 

100.825433 

83 998771 

218 

140.897080 

117.382898 

157 

101.471750 

84.537225 

219 

141.543397 

117.921352 

158 

102.118067 

85.075678 

220 

142.189714 

118.459805 

159 

102.764384 

85.614132 

221 

142.836030 

118.998259 

160 

103.410701 

86.152586 

222 

143.482347 

119.536718 

161 

104 057018 

86.691039 

223 

144.128664 

120.075166 

162 

104.703335 

87.229493 

224 

144.774981 

120 613620 

163 

105 349651 

87.767947 

225 

145.42129B 

121.152074 

164 

105 995968 

88.306400 

226 

146.067615 

121.690527 

165 

106.642285 

88.844854 

227 

146.713932 

122.228981 

166 

107.288602 

89.383308 

228 

147.360249 

122.767434 
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TABLE OF DISCHARGES (Continued). 


Cub. ft 
pev sec. 

Millions of 

U. S. gallons 
per 24 hours. 

Millions of 
Imperial gallons 
per 24 hours 

Cub. tt. 
per sec. 

Millions of 1 
U. S gallons 
per 24 hours. | 

Millions of 
Imperial gallon! 
per 24 hours. 

229 

148 006566 

123.305888 

240 

155.116051 

129 228878 

230 

118(152882 

123.844342 

241 

155.762368 

129.767332 

231 

149.299199 

124.382795 

242 

156.408685 

130.31X5786 

232 

149 911116 

124.921249 

243 

157.055002 

130.844239 

233 

150 191833 

125.459703 

244 

157.701319 

131.382693 

234 

• 151 238150 

125.998156 

245 

158 347636 

131.921147 

235 

151 884467 

126 536610 

246 

158 993952 

132 459600 

236 

152.1:8)784 

127 075064 

247 

159 640269 

132.998054 

237 . 

153.177101 

127.613517 

248 

160.286586 

133.536508 

238 

153 823417 

128 151971 

249 

160.932903 

134 074961 

239 

154.469734 

128 690425 

250 

161 579220 

134.613415 


TIME. 


60 secondsmarked s, - 1 minute 
60 minutes,f “ m, 1 hour -= 3600 seconds 

24 hours, “ h, — 1 day = 1440 minutes — 864CK) seconds 

7 days, “ d, -- 1 week — 168 hours 10080 minutes 


A lie Timk 

1° - 4 minutes 
r = 4 seconds 
\ n - 0 . 066 . second 


Time Arc 
24 hours = 360° 

1 hour -- 15° 

1 minute— 0 ° 1 . 6 ' 

1 second — 0° O' 15" 


Metliodsof reekonint; time. Astronomersdistinguisii between mean 
solar time, true or apparent solar time, and sidereal time. 

At a standard meridian (see page 267) mean Molar time is the same as 
ordinary clock time. At any point not on a standard meridian, standard time 
is the local mean solar time of the meridian adopted as standard for such point; 
and heat time is — time at a standard meridian plus correction for longitude 
from that meridian if the place is east of the meridian, and nee vena. For the 
amount of such correction, see second table above. A true or apparent 
Molar day is tiie interval of time between two successive culminations of 
the sun, i.e., between two successive transits or passages of the sun across the 
meridian of the same point on the earth; hut, since these intervals are unequal, 
they do not correspond with ilie umtorm movement of clock time. A fictitious 
or imaginary sun, called the “ mean sun,’ is therefore supposed to move along 
the equator*in such a way that the interval between its culminations is con¬ 
stant This interval is called a day. or mean solar day, and is the average of the 
lengths oi all the apjnunU solar days in a year. Apparent and mean time 
agree at four points in the year, uz, about the middle ot April and of June, 
N'ptemher 1 and December 24. The sun is sometimes behind and sometime! 
in advance of the mean sun, and is called “slow ” or “ fast ” accordingly. The 
sun is “slow” in winter, the maximum bemgabout February 11, when it passes 
any standaid meridian, or “souths” (making apparent noon), about 14m, 28s, 
after noon by a correct clock. The sun Is “ last,” or in advance of the clock, in 
May and in the fall, with a maximum, about November 2, of about 16m, 20s. 

The ditlcrence between apparent and mean time is called the equation of 
time, it cun be obtained from the Nautical Almunac, or, approximately, by 
taking the mean between the tiuie9 of sunrise and sunset, as given in ordinary 
Hlnianacs. 

As solar time is measured bv the apparent daily motion of the.«/«, so sidereal 
time is measured by that, of the fixed stars, or, more strictly speaking, by the 
motion of the vernal equinox which is the point where the sun crosses the 
equator in the spring. 


+ The second was formerly divided into 60 equal parts called thirds (marked 
; but it is now divided decimally. 

t The old and confusing practice of designating minutes, seconds and thirds 
of time (see footnote ♦) as \ " and is no longer in vogue. Days, hours, min¬ 
utes and seconds are now designated by d, h, m, and s, respectively, thus: 2d, 
Bib, 48m, 5.1.43 s., and the symbols' and " designate minutes and seconds of are. 
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A sidereal day is the interval of time between two successive passages of 
the vernal equinox (or, practically, of any star) past the meridian ot a given 
point on the earth It is, practically, the time requiied for one complete revo¬ 
lution of the earth on its axis, relatively to the slurs 

The length of the siderat day is 23 h, 56 m, 4 oy s, of mean solar time or 3 m, 
55 91 s of mean solar time less than the mean solar day of 24 bouts. In other 
words, a star will, on any night, appear to s-1 .1 in, 55 91 s earlier by a correct 
clock than it did on the preceding li ght Hence, substantially, toe number of 
sidereal days in a year is greater by 1 than the number ol solar days. 

The sidereal day, like the solar day, is divided into 24 hours 'These hours 
are. of course, shorter than those of the solat day in the same proportion as ihe 
sidereal day is shorter than the solar day 'I hey’ are counted trom >* to 24, com¬ 
mencing With sidereal noon, or the instant when the vernal equinox passes the 
upper meridiju 

The civil day (-- 24 hours of clock oi mean solar time’ commences at mid¬ 
night: and the astronomical solar day a noon on the c.m day ot the 
same date. Thus,on a standard meridian, Thursday, Ma\ y, 2 \ m. civil time, 
is Wednesday, May X, 14 h, astionoinieal lime, but’ lliursday, May y, 2 l* M, 
civil tune is 1 hursday, May 9, 2 h. astronomical time. 

The civil month is the ordinary a daibitrary month of the calendar, 
varying in length from 2J> to 31 mean soldi days 

A sidereal month is the time required lor the moon to perform an entire 
revolution with reference to the stars its mean length, in mean solar time, is 
about 27 d, 7 h, 43 in, 12 s 

A lunation, or synodic month is the time from new moon t- new 
moon, its mean length is about 29 d, 12 h, 44 m, 3 s 

The tropical or natural year is the time din ing which the earth 
describes the circuit from either eqqinox to the same again Its mean h ngth, 
in mean solar time, is now about 3(55 d, 5 h, 4X m 49 s 

The sidereal year is the time during w Inch the emth describes Its orbit 
with reference to the stars Its mean length, in mean solai tune, is about 365 
d, 6 h, 9 in, 11* s 

The civil year is that arbitrary or convei tiorial and variablediv ision of 
time comprised between the 1st of January and the 31st of the following Decem¬ 
ber, both inclusive It contains ordinarily 365 mean solar dav s of 24 hours, but 
each ye ir whose numlier is divisible by 4 contains 366 days, and is called a leap 
year, except that those years whose numbers eml in (lit and are not multiples 
of 400 are not leap years. 

To regulate a watch by the Ktars. The author, after baling regu¬ 
lated hiB chronometer for a year by this method only differed but a few seconds 
from the actual time as deduced’ from carctul solar observations Select a 
window lacing west if possible, and commanding a view of a roof-crest or other 
fix* d horizontal line, preferably about 40° above the horizon, in order 1o avoid 
disturbance due io refraction, and distant say 50 feet or more M»te the 
time when any bftgbt fixed star (not a planet) passes the range formed between 
the roof, etc., and any fixed horizontal line about the window frame as a pin 
fixed in either jamb The sight in the window, and ihe watch, must be illumi¬ 
nated The star will pass the range 3 m 55.91 s earlier on each succeeding 
evening Those s ars which are nearest the equator appear to move the fastest, 
and are therefore best suited to the purpose. If the first observation of a given 
star > e made as late as midnight, that same star will answer for about three 
months until at last it will begin to pass t 1 e range in daylight Before this 
happens, transfer the time to another star which sets later By thus tabulating, 
throughout the year, about half a dozen stars which follow each other at 
nearly equal inteivats of time, we may provide a standard by means of which 
correct cl ek time may be ascertained on any clear night Experimenting in 
this way with two ot the best chronometers, the author found that their 
ralex varied, at times, as much as from three to eight seconds per day. 

An average man takes two steps (one right, one left) per second. 
Hence, march music usually takes one second per measure (or “ bar”) Modern 
WHtchcN usually tick five times, and clock* either one, two, or four times, 
per second. 
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STANDARD TIME ZONES 
of the United States 

as establlsht by the Interstate Commerce Commission in 1918, and as 
publisht in Circular C406 of the National Bureau of Standards in 1935; 
reckond from 75th, 90th, 105th and 120th meridians West of Greenwich. 

The following table gives the times for each of 12 hours in the sev¬ 
eral zones of the U S, and in a number of cities of the world as com¬ 
pared with 12 noon. Eastern Standard Time: —Light-face, a.m., includ¬ 
ing 12 noon; bold-face, p.m. hours, including 12 midnight. 

Eastern Standard Time. 121 23456789 10 11 

Central Standard Time, 11121 28450789 10 

Montain Standard Time, 101112 l 2 3 4 5 6 7 8 9 

Pacific Standard Time, 9 10 11 12 1 2 3456 78 

Berlin, Germany, 6789 10 11 12 1 2 3 4 5 

Brussels, Belgium, 5 6 7 8 9 10 11 12 1 2 3 4 

Cape Town. So Africa, 7 8 9 10 11 12 1 2 3 4 5 6 

Geneva, Switzerland, 6 7 8 9 10 11 12 1 2 3 '4 5 

Halifax. Nova Scotia, 1 2 3 4 5 6 7 8 9 10 11 12 

Havana, Cuba, 12 123456789 10 11 

Hong Kong, China, 1* 2* 3* 4* 5* 6* 7* 8* 9* 10* 11* 12* 

London, England, 5 6 7 8 9 10 11 12 1 2 3 4 

Manila, P 1, 1* 2* 3* 4* 5* 6* 7* 8* 9* 10* 11 * 12* 

Paris, France, 56789 10 11 12 1 23 4 

Rome, Italy, 6 7 8 9 10 II 12 1 2 3 4 5 

Tokyo, Japan, 2* 3* 4* 5* 6* 7* 8* 9*10*11*12* 1* 

Vancouver, Brit Col, 9 10 11 12 12345678 


Selected RADIO TIME SIGNALS, (Oct 1934). 



Call 

Frequency 

Time of Transmission at the 

Station 

Letters 

Kilocycles 

Standard Time of the Station 

Arlington, Va, 

NAA 

113 

Each hr, except 9 A 11, a m & p m 



9,050 

3, 4, 7, 10. 



16,820 

12 . 

Darien, C Z, 

NBA 

46 

3. 12, 10. 

San Francisco, 

NPG 

42.8 

9, 7, 12. 


108 

9, 7, 12. 



12,855 

9, 7. 


Next day. 
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DIALS, 


DIALLING. 


To make a horizontal Sun-dial, 

Draw a lino a 6; and at right tingles to it, diuw 6G. From any convenient point, as c, 
m a b, draw the porp c o. Make tho angle c a o equal to tlio hit ot the place ; uIhu 
the angle cor equal to the same; join o t. Make e n equal to o e\ and from n as 8 
center, with the rad e w, describe a quadrant e »: and di\ it into 6 equal parts. Draw < 
V, parallel to G, 0; and 

from «, through the 6 DIAL 

S otiitil on the quadrant, /—-— 

raw lines n t, n i, Ac, 
terminating m ey. From 
a draw lines a 5, a 4, Ac, 
passing through t, i, Ac. 

From any convenient 
point, as c, describe an 
arc r m h, as a kind of fin¬ 
ish or border to half the 
dial. All the lines may 
now be effaced, except 
the honr hues a 6, a 5, 
a 4, Ac, to a 12, or a h ; 
unless, as is generally 
the case, the dial is to 
be divided to quarters 
of an honr at least. In 
this case each of the 
'jvisious on the quad¬ 
rant e s, must lie subdivided into 4 equal parts: and lines drawn fioin w, througl 
the points of subdivision, terminating in e v. The quarter-hour lines must be drawi 
from u, as were the hour lines. Subdivisions of b nun m»> be made in the sum< 
way; but these, as well ae single nun, may usually be laid ofl around tlie border, bj 
eye. About 8 or 10 times the sine of our Fig will he a convenient one for an ordi 
nary dial. To draw the other half of the Fig, make a d equal to the intended thick 
ness of the gnomon, or style, ol the dial; and diawd 12, parallel, and equal to a 12; am 
draw the arc xg w, precisely similar to the arc r m h. Between x atul u\ mi the arc xg to 
8jmce off divisions equal to those on the arc rtnh; and ntimliei them for the hours 
as in tiie Fig. The style F, of metal or stone, (wood is loo liable to warp,) will Is 
triangular; its thickness must throughout ho equal to ad or h w; its base musi 
Cover the space ad Aw; its point will be at ad; and its perp height h u, over Aw 
must be such that lines ed, ua, drawn from its top. down to a and d, will make tin 
angles u a A, vd w. each equal to the lat of the place Its thickness, if of metal, inaj 
conveniently be from % to */ inch; or if of stone, an inch or two, or more, according 
to the size of the dial. Usually, for neatness of appearance, the l>a<k A u r w of thi 
style is hollowed inward. The upper edges, ua, rd, which cast tho shadows, musi 
be sharp and straight. The dial must be fixed in place hor, or perfectly level; a I 
and d w must be placed truly north and south; ad being south,and It to north. Tin 
dial gives only sun or solar time; but clock time can Is* ion ml by means of the “ fasi 
ar slow of the sun,” as given by all almanacs. If by the almanac the sun is 6 min 
Ac, fast, the dial will be the same; and the clock or watch, to be correct, muBt be I 
min slower than it; and vice versa. 

To make a Vertical Run-Dial. 

Proceed as directed above,except that the angles cao and eoe on ihc drnwine, 
and the angle uah or vdw of the style, must he equal to the cn latitude (=* dif¬ 
ference between the latitude and 90°) of the place, and the hours must he num¬ 
bered the opposite way from those in the above figure; t e„ from h to y number 
12,11,10,9, 8,7; and from w to g number 12,1.2,3, 4,5. The dial plate must be 
placed vertically, in the position shown in the figure, facing exactly south, and 
with a A and dw vertical. 
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BOARD MEASURE. 


Remark on following table. Tlie table extonds to 12 ins by 24 ins, but 

h Is easy to find for greater nines; thus, for example, the board measure lu a piece nf 19 uy 22, will 
be twioe that of a piece of 19 by 11, or 17 42 X 2 = 34 84 ft board mean, or that of l»Si by 22, will be 
that of 10>i by 22 added to that of 9 by 22, or 18.79 + 16.60 =r 35.29. A foot of board moaa is equal to 
l foot square and 1 inch thick, or to 144 oub lug. Hence 1 cnb ft 12 ft hoard meas. 



Feet of Board Measure contained In one running foot of Scantlings ! 





of different dlineuBions, 

. (Original.) 




•ssT 



1000 ft board measure = 

-83* cub ft. 




■a o 

gs 

1 

IK 

TH 

JK 

ICKNESB IN INCHES. 

IK | 'i | 1 | 

2Si 

3 

£0 


FtlldM 

Ft lid M 

Ft Bd M 

Ft B<1 M 

Ft Bd M 

Ft Bd M Ft Bd >1 [ 

Ft Bd M. 

FtlldM 


K 

.0208 

.0260 

.0313 

.0365 

.0117 

.0169 

.0521 

.0573 

.6625 


H 

.0117 

.0521 

.0625 

.0729 

.0833 

.0938 

.1042 

.1146 

.1250 


h 

.0625 

.0781 

.0938 

.1094 

.1250 

.1406 

.1563 

.1719 

.1875 


1. 

.08.1.1 

.1012 

.1250 

.1158 

.1667 

.1875 

.2083 

2292 

.2500 


y* 

.1012 

1302 

.1503 

.1823 

.2083 

2344 

.2604 

.2865 

.3125 


k 

.1230 

.13*3 

.1875 

.2188 

.2500 

.2813 

.3125 

.3438 

.3750 

£ 

% 

.1458 

.1823 

.2187 

.2552 

.2917 

.3281 

.3646 

.4010 

.4375 


1667 

.2083 

.2500 

.2917 

.3333 

.3750 

.4166 

.4583 

.5000 

2. 

K 

.1875 

2344 

.2813 

.3281 

.3750 

.4219 

.4688 

.5156 

.5625 

X 

.2083 

.2604 

.3125 

.3616 

.4167 

.1688 

.5208 

.5729 

.6250 

K 

si 

.2292 

.2865 

.3438 

.4010 

.4583 

.5156 

.5729 

.6302 

.6875 


3. 

.2300 

.3125 

.3750 

.4375 

.5000 

.5625 

.6250 

.6875 

.7500 



.2708 

.3385 

.4063 

.1739 

.5416 

.6094 

.6771 

.7448 

.8125 



.2917 

3616 

.4375 

.5104 

.5833 

.6563 

.7292 

.8021 

.8750 

K 

Si 

.3125 

.3906 

.4689 

.5169 

.6250 

.7031 

.7813 

.8594 

.9373 


4. 

.3333 

.4167 

.5000 

.5833 

.6667 

.7500 

.8333 

.9167 

1 000 



.3542 

.4427 

.5312 

.6198 

.7083 

.7969 

.8854 

.9740 

1.063 


K 

.3750 

.4688 

.5625 

.6563 

.7500 

.8438 

.9375 

1 031 

1 125 


S* 

.8958 

.4918 

.5938 

.6927 

.7917 

.8906 

.9896 

1.086 

1 188 

94 

6. 

.4167 

.5208 

.6250 

.7292 

.8333 

.9375 

1.042 

1 146 

1 250 


Ya 

.4375 

.5169 

.6563 

.7656 

8750 

.9844 

1.094 

1 203 

1 313 


H ' 

.4583 

•5729 

.6875 

.8020 

9167 

1 031 

1 146 

1 260 

1.375 


Ya 

.4792 

.5990 

.7188 

.8385 

9583 

1 078 

1 198 

1 318 

1.438 


6. 

.5000 

.6250 

.7500 

.8750 

1 0O0 

1 125 

1.250 

1 375 

1.500 


Ya 

.5208 

.6510 

.7813 

.9115 

1 012 

1 172 

1.302 

1.432 

1.563 



.5117 

.6771 

.8125 

.9479 

1 083 

1 219 

1.354 i 

1.490 

1.625 

K 

H 

.5625 

.7031 

.8438 

.9814 

1 125 

1.266 

1 406 1 

1 547 | 

1.688 

H 

7. 

.6833 

.72*12 

.8750 

1.021 

1 167 

1.312 

1 458 1 

1 604 I 

1.750 

7 

Ya 

.6042 

.7552 

.9063 

1.057 

1 208 

1.359 

1 510 

1 661 1 

1.813 


Yi 

.6250 

.7813 

.9375 

1 094 

1 250 

1 406 

1 563 

1.719 

1 875 


Si 

.0458 

.8073 

.9688 

1 130 

1 292 

1.453 

1 615 

1.776 

1.938 


8. 

.6667 

.8333 

1 000 

1.167 

l 333 

1.500 

1.667 

1 833 

2 000 

8 

Ya ' 

.6875 I 

• 8594 

1.031 

1 203 

1 375 

1 547 

1.719 

1 891 

2 063 


Hi 

.7083 

.8854 

1 063 


1.117 

1 594 

1.771 

1.948 

2 125 


Si 

.7292 ' 

.9114 

1.094 


1 458 

1 641 

1 823 

2 005 

2 188 


». 

.7500 

.9375 

1.125 

1 313 

1.500 

1 688 

1.875 

2.062 

2 250 

9. 


.7708 

.9635 

1 156 

1 349 

1 542 

1 734 

1 927 

2 120 

2 313 


K 

.7917 

.9895 

1.188 

1.395 

1.583 

1.781 

1.979 

2.177 

2 375 

K 

Si 

.8125 

1.016 

1.219 

1.422 

1.625 

1 828 

2 031 

2 234 

2 438 

H 

10. 

8333 ■ 

1 012 

1.250 


1.667 

1 875 

2 083 

2 292 

2 600 


Ya 

8542 

1 068 

1.281 

1.195 

1 708 

1.922 

2 135 

■ 2.349 

2 563 

Ya 

H 

8750 

1 094 

1.313 


1.750 

1.909 

2 188 

2.406 

2 t>23 


Si 

.8958 

1.120 1 

1 344 

1 568 

1.792 

2.016 

2.240 

2.463 

2 688 

Si 

11. 

.9167 

1 146 

1.375 

1 604 

1.833 

2.063 

2.292 

2,521 

2 750 

n. 

Ya 

.9375 

1 172 

1.406 

1.641 

1.875 

2 109 

2 344 

2 578 

2.813 


K 

.95«3 

1 198 

1 138 

1.677 

1 917 

2.156 

2.396 

2 635 

2 875 

K 

Si 

.9792 

1 224 

1 169 

1.714 

1 958 

2 203 

2.448 

2 693 

2 938 

Si 

12. 

1 000 

1 250 

1.500 

1 750 

2 000 

2 250 

2 (8)0 

2.750 

3 000 

12. 

K 

1 012 

1 302 

1 563 

1 823 

2 083 

2 344 

2 604 

2 865 

3.125 


n. 

1 083 

1.354 

1 625 


2.167 

2.438 

2 708 

2 979 

3.250 

13. 

% 

1 125 

1 406 

1 688 

1 969 

2 250 

2.531 

2.813 

3 094 

3.375 

K 

14. 

1.167 

1 458 

1.750 

2 042 

2 333 

2 625 

2.917 

3 208 

3.500 

14. 

K 

1 208 

1.510 

1.813 

2 115 

2 117 

2 719 

3 021 

3 322 

3.626 


15. 

1.250 

1.563 

1.875 


2 500 

2 813 

3 125 

3 438 

3.750 

15. 

K 

1 292 

1.615 

1 938 

2.260 

2 583 

2 906 

3.229 

3 552 

3 875 

K 

16. 

1.333 

1 667 

2.000 

2.333 

2.667 

3 000 

3.333 

3 667 

4 000 

16. 

K 


1 719 

2.063 

2 406 

2 750 

3 094 

3.438 

3 781 

4 125 

K 

17. 

1 417 

1 771 

2 125 

2 479 

2.833 

3 188 

3 542 

3.896 

4.250 

17. 

K 

1.468 

1.823 

2 187 

2.552 

2 917 

3.281 

3 646' 

4.010 

4 375 

K 

18. 

1 500 

1.875 

2.250 

2.625 

3.000 

3 375 

3 750 

4.126 

4 500 

18. 

19. 

1.583 

1.979 

2 375 

2.771 

3.167 

3 563 

3 958 

4 354 

4 750 

19. 

20. 

1 067 

2.083 

2 500 

2917 

8.333 

3 750 

4.167 

4.583 

5.000 


21. 

1.750 

2.188 

2 625 

3.063 

3.500 

3.938 

4.375 

4 812 

5 250 

21. 

22. 

1.833 

2.292 

2.750 

3 208 

3 667 

4 125 

4.583 

5.042 

5.500 

22. 

23. 

1.917 

2.396 

2 H75 

3.354 

3.833 

4.313 

4.792 

5.270 

5.750 

». 

24. 

2 000 

2.500 

! 3.000 

3.500 

4.000 

4 500 

5.000 

5.500 

6.000 

24. 
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BOARD MEASURE. 


Table of Board Measure— (Continued.) 


Feet of Board Measure contained in one running foot of Scantlings 
of ditlerem dimensions. (Original.) 


Ft Bd M Ft ltd M 
0677 I 0729 


THICKNE88 IN 

_S«_ « *'A 

Ft ltd. M Ft.Bd.M. FtBdM I 

0781 i .0833 .0885 

1562 I .1667 1770 

.‘2314 .2500 .21*66 

.3125 : .3333 3542 

3906 .4167 4427 

.4688 ' 5000 .5113 

5469 .58.13 .6198 


S INCHES. 

| W W , 

Ft.Bd M. Ft lid M 1 2 3 
.0938 .0990 | 


l 557 1 076 
I 625 I 750 
1 691 1 823 


1 ‘2 012 

1 964 ! 2 115 

2 011 I 2 187 

2 099 I 2 21*0 
2 167 I ‘2.113 
2 234 2 406 

2 102 2 479 

. 2 170 ' ‘2 552 
2 I iH 2 625 
2 505 | -2 698 
2 57.1 2 771 

2 611 ; 2 814 

2 708 2 917 

2 776 l 2 990 
2 - 14 3 061 

2 911 ' .1113 

2 979 i 3 208 

3 017 3 281 

.3 115 j 3 3.14 
.1 M2 j 3 427 

. 3 2*0 .3 500 

I .1 385 I 3 616 , 
1 521 | 3 792 I 
3 656 3 938 ' 

3.792 4.083 ! 


4.531 . 4 8.33 

4 688 3 000 

| 4 844 5 14*6 


24. 
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Table of Board Measure— (Continued.) 


Width in 
Inches. 

Feet of Board Measure contained in one running foot of Scantlings j 

of diffurcut dimensions. (Original.) 

Width in 
Inches. 

r»vs I 

5* j 

THICKNESS IN 

6 | bM | | 

INCHES. 

« i i i 

Vi 

1 

Vi I 


Ki m m 

’t lM 111 

Ft 1M.M 

Ft BdM 

Ft. ltd M 

3.1*1 M 

6 ltd >1 . 

t 1*1 M 

t ltd M 1 



.1140 ! 

.1198 

.1250 

.1302 

.1354 

.1406 

.147)8 

.1510 

1%') ' 

x 


.•mt 1 

.23% 

.'2500 

.2604 

2708 

.2813 

.2917 

.3021 

3125 1 



.3438 

3 V14 

.3750 

.3906 

.4063 

.4219 

.4.175 

.4531 

.4(,Hh 



4583 i 

.4792 

.50% 

.5208 

.5417 

.5625 

.58.13 

.6042 

62.0 : 

i. 


.572*) 1 

5990 

,H2.iO 

.6510 

.6771 

.7031 

.7292 


.7813 1 

H 


.6875 ! 

.7188 | 

.7500 

.7812 

.8125 


8750 

.9062 


X 

y* 

8021 I 

8385 1 

8750 

.9115 

.9479 

.9844 

1 020 

1 057 

1 091 | 

X 

9167 j 

9583 1 

1 000 

1.012 

1 0813 

1.12ft 

1.167 

1 208 

1 2% 

2. 


1.031 

1 078 

1 125 

1 172 

1 219 

1.266 

1 .113 

1 359 

1 406 



i.ufi : 

1 198 j 

1 250 

1 302 

1 3ft4 

1 406 

1 45R 

1 510 

1 56.1 

X 


1 260 

1 318 I 

1 175 

1 432 

1 190 

1 517 

1.604 

1 661 

1 719 

X 

3 

1.375 : 

1 4.18 1 

1 500 

1 562 

1 625 

1 688 

1 750 

1 HI 3 

1 875 

a. 


1 190 

1 557 | 

1 625 

1 693 

1 760 

1 828 

1 H96 

1 964 

2 1131 

X 


1 H04 

1 677 

1 750 

1 823 

1 896 

1 %‘J 

2 042 

2 lift 

2 lhH 

X 


1.719 

1 797 

1 875 

1 953 

2 031 

2.109 

2.188 

2 ‘266 

2 344 

X 

4. 

1 831 

1 917 

2 000 

2 083 

2 167 

2 250 

2 333 

2 417 

2 500 

4. 


1 948 

■2 036 

2 125 

2 214 

2 302 

2 391 

2 479 

2 568 


X 


i 063 

2 1.56 

2 250 

2 144 

2 438 

2 531 

2 625 

2 719 

2 813 

X 


2 177 : 

2 276 

2 375 

2 474 

2 573 

2 672 

2 771 

2 870 

2.909 

X 


2 292 , 

2 396 

2 500 

2 604 

•2 708 

2 813 

2 917 

3.021 

3.125 

6. 


2 406 

2 516 

i 625 

2 734 

2 844 

2 953 

3 063 

3 172 

3.281 

X 


2 521 

2 635 

2 750 

2 865 

•2 979 

3 094 

3 208 

3 323 

3 438 

X 

X 

2.635 | 

2 7:55 

2 875 

2 995 

3 115 

3 234 

3 354 

3 474 

3 594 

X 


2 750 | 

2 875 

3 000 

3 125 

3 250 

3 375 

3 500 

3 625 

3 750 

6. 


2 865 . 

•2 995 

3 125 

3 255 

3 385 

3 516 

3 646 

3 776 

3 'tOt. 

X 


2 979 ' 

3 115 

3 250 

3 385 

3 521 

3 656 

3 792 

3 927 

4.063 

X 


3 094 

3 234 

3 375 

3 516 

3 656 

3 797 

3 938 

4 078 

4 219 

X 


3 208 

3 354 

3 500 

3 616 

3.792 

3 938 

4 083 

4.229 

4 375 

1. 


3 323 ] 

3 474 

3 fi'25 

3 776 

3 927 

4 078 

4 229 

4 380 

4 531 

X 


3 438 

3 594 

3 750 

3 900 

4 (973 

4 219 

♦ 375 

4 531 

4 (H-8 

X 


3 552 

3 714 

3 875 

4 036 

4.198 

4.35- 

4 521 

4 682 

4 844 

X 

8 


3 833 

4 000 

4 167 

4 333 

4 500 

4 667 

4 833 

5 non 

8. 


3 781 

3 953 

4 125 

4 297 

4 469 

4 641 

4 M3 

4.984 

5 1% 

X 


3.8% 

4 073 

4.250 

♦ 427 

4 604 

4 781 

4 957 

5.135 

5 313 

X 


4 010 i 

4 193 

4 375 

4 557 

4 740 

4 922 

5 103 

5.286 

5 469 

X 

9 

4.125 

4 313 

4 500 

4 687 

4 875 

5 063 

5 249 

5 438 

5 625 

9. 


4 210 

4 432 

4 625 

4 818 

ft 010 

5 203 

5 395 

5.589 

5 781 

X 


4 354 

4 552 

4.750 

4 948 

5 146 

ft 344 

6 541 

5 740 

ft 938 

X 


4 460 

4 672 

4 875 

ft 1)78 

5 281 

5 484 

3-687 

5 891 

6 1194 

X 

10. 

4 .583 

4 792 

5 000 

ft '208 

.5 417 

5.62ft 

ft 833 

6.042 

6 250 

10. 


4 698 

4 911 

5 125 

ft 339 

5 552 

5 766 

5 979 

6 193 

6.406 

X 


4 813 

5 0.31 

5 250 

5 469 

5 688 

.5.906 

6 125 

6 344 

6 561 

X 


4 927 

5 151 

5 375 

5 599 

ft.823 

6 047 

6 271 

6 495 

6 719 

X 


5012 

5.271 

5 500 

5 729 

5.958 

6 188 

6 417 

l 6 646 

6.876 



5 156 

5.391 

5 625 

5 859 

6 094 

6 328 

6 563 

! 6 797 

7 031 

X 



5.510 

5 750 

ft 990 

6 229 

6 469 

6 708 

! 6 948 

7 188 

X 


5 385 

.5 630 

5 875 

6 120 

6.365 

6.609 

6 854 

7.099 

7 344 

X 



5 750 

6 000 

6 250 

6 500 

6 750 

7.000 

7 250 

7 501) 

12. 


Ik 729 

5 990 

6 250 

6 510 

6,771 

7 031 

7 292 

7 552 

7 813 

X 


5 958 

6 229 

6 500 

6.771 

7.042 

7 313 

7 583 

7 854 

8 125 

13. 


6.188 

6.469 

6 750 

7 031 

7 313 

7 594 

7 875 

8 156 

8.438 

X 



6 708 

7 000 

7 292 

7 583 

7 875 

8 167 

8 458 

8 750 




9 948 

7 250 

7 552 

7 854 

8 156 

8 458 

8.7% 

9 063 

X 



I 188 

7.500 

7.812 

8.125 

h 438 

8 750 

9 06.1 

9 375 




7 427 

7 750 

8 073 

8.3% 

8 719 

9 042 

' 9.34)5 

11 688 

X 




8.000 

8 3X3 

8 667 

9 llOtl 

9 333 

, 9 667 

10 00 




7.906 

8 250 

8 594 

8 938 

9 281 

9 625 

9 969 

10.11 

X 




8.500 

8 854 

9 208 

9 563 

9.917 

(10 27 


17. 




8 750 

9.115 

9.479 

9 844 

10.21 

10 57 

10.94 

X 



8.625 

9 000 

9 375 

9.750 

in is 

10 50 

,10 88 

11 ’25 




8 KM 

9 500 

9 896 

10.29 

10 69 

11.06 








10.42 

1 10 83 

11 25 

11 67 

12 OH 





10 06 

10 50 

10 94 

1 11.38 

11 Hi 

12.25 

112.69 

13.13 

21. 




1 1 00 

11 46 

11 92 

12 38 

12.83 

! 13 29 

13 75 

22. 




11 50 

11 98 

. 12.46 

; 12 94 

13 42 

113.90 

14.38 

23. 

24. 

11.00 

11 50 

12 00 

12.50 

11.3.00 

113 50 

14 06 

14 50 

15.00 

24. 


11 
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Table of Board Measure— (Continued.) 




X 

H 

x 

4 . 

X 

X 

H 

y 

s 

H 

6. 

y* 

J 

g 

K 

6. 

1 

». 

X 

X 

,. K 

ii 

a* 

,»* 

X 

14 . 

X 

16 . 

X 

16 

« 

17 . 


Feet of Board Measure contained in one running foot of Scantlings 
of different dimensions. (Original.) 











Width 

Inohet 

10 

10 'A 

TE 

10)4 

ICHN 

10 x 

ESS IN 

11 

INCHES. 

11 X | UM 

11* 

12 

Ft Bd M 

Ft Ud M 

Ft IkI.M. 

Ft lid M 

Ft Bd M 

Ft. lid. M 

Ft lid M 

Ft lid M 

Ft Bd M 


.mi 

2135 

.2188 

.'2240 

.2292 

.2344 

.2396 

.2448 


,. 

4167 

.4271 

.4375 

.4479 

.458J 

.4688 

.4792 

.489* 

5000 


6250 

.6106 

.65*53 

.6719 

.6875 

7031 

.7188 

.7.444 

.7500 

* 

-M.il i 

8542 

8750 

.8958 

.9167 

.9375 

9583 

.9792 

1 000 

1 1112 

1 068 

1 094 

1 120 

1.146 

1 172 

1 198 

1.224 

1 250 


i r»u 

1 821 

1.313 

1.344 

1.375 

1 406 

1.438 

1.469 

1 500 


l »5H 

1 495 

1.531 

1 568 

1.004 

1 641 

1.677 

1.714 

1.750 


1.067 

1 708 

1.750 

1.792 

1.833 

1 875 

1.917 

1.958 

2 0**0 


1 875 

1.922 

1.969 

2 016 

2.063 

2 109 

2.156 

2.203 

2 250 


2.011 

2.135 

2.188 

2.240 

2.292 

2 311 

2.396 

2.448 

2.500 


■2 202 

2 349 

2 44)6 

2.464 

2.521 

2.578 

2.635 

2 693 

2 750 


2 jOO 

2 563 

2.625 

2 688 

2 750 

2.813 

2 875 

2.938 

3.000 


2.7'IH 

2.776 

2 844 

2 911 

2 979 

3 047 

3 115 

3.182 

3.250 


2 1*17 

2990 

3 063 

3 135 

3 '208 

3.281 

3 354 

3.427 

3 500 

% 

a 123 

3.203 

3 281 

3 359 

3 438 

3.516 

3 594 

8.672 

3.750 

H 

3.3.13 

3 417 

3 500 

3 583 

3 667 

3 750 

3 833 

3.917 

4 000 

4. 

3 342 

3 6.10 

3.719 

3.807 

3.896 

8.984 

4.073 

4.161 

4 250 


3 730 

3 H44 

3 938 

4.031 


4 219 

4 313 

4 406 



3 958 

4 057 

4 156 

4 255 

4 354 

4.453 

4 552 

4 651 

4.750 

% 


4.271 

4 375 

4 479 

4 588 

4.688 

4.791 

4 896 

5 000 


+ .173 

4 484 

4 594 

4 703 

4.813 

4 9-22 

5.031 

5 141 

6 250 


4 58.1 

4 698 

4 813 

4.927 

5 042 

5 156 

6.270 

5.385 

5 500 


4.792 

4 911 

5.031 

5.151 

5 271 

5 391 

5.510 

5 630 

6 750 



6.125 

5 '250 

5.375 

5.500 

5.625 

5 750 

5.875 

6 000 



5.339 

5 469 

5 599 

5 729 

5.859 

5990 

6 120 



5 417 

6.552 

5 688 

5 823 

5.958 

6.094 

6 229 

6 365 


H 

5.625 

5 766 

5.906 

6.047 

6.188 

6 328 

6.469 

6.61*9 


x 


5.979 

6 125 

6.371 

6.417 

6.563 

6.708 

6 854 

7.000 

7. 

3 042 

6.193 

6.344 

6.495 

6646 

6.797 

6.948 

7 099 



6.260 

1406 

B 563 

6 719 

6.875 

7.031 

7.188 

7.344 


3 

5.458 

6 620 

6 781 

6.943 

7.104 

7.206 

7 427 

7.589 


H 


6.833 

7.000 

7.167 

7 333 

7 500 

7.667 

7.833 

8 000 



7.047 

7 219 

7.391 

7.563 

7 734 

7.906 

8.078 

ft 250 


7 083 

7.260 

7.4.48 

7 615 

7.792 

7 969 

8 146 

8 323 

8.500 


7 292 

7.474 

7.656 

7 839 

8.021 

8 203 

8 385 

8 568 


H 


um 

7 875 

8.0611 

0.250 

8 438 

8.625 

8 813 


9? 


7 901 

8 094 

8 '286 

8 479 

8.672 

8.863 

9 057 

9.250 


7.917 

B.115 

8 313 

8.510 

8 709 

0906 

9 104 

9.302 

9.500 

x 


8 323 

8 531 

8.734 

8 939 

9 141 

9.344 

9 547 

9.750 



8 542 

8 750 

8 958 

9 167 

9 375 

9,583 

9 792 

10 00 

10. 

8 542 

8 755 

8.9*59 ■ 

9.182 

9.396 

9.600 

9 823 

10 04 

10 25 


« 750 

8 969 

9 188 

9.406 

9 825 

9 844 

10.06 

10.28 

10 50 


8 938 

9 182 

9.406 

9.630 

9-854 

10.08 

10 30 

10 58 

10.75 

* 

9.167 

9.396 

9 625 

9.854 

10.08 

10 31 

10 54 

10.77 

11.00 

11/ 

9 375 

9.609 

9 844 

1008 

10 31 

10 55 

10.78 

11 02 

11 25 

X 

9 583 

9 823 

10 06 

10 30 

10.54 

10.78 

11.02 

11.26 

11 50 

X 

9 792 

10.04 

10 28 

10.53 

10 77 

11.02 

11.26 

11 51 

11 75 

X 

10 00 

10.25 

10.50 

10.75 

11 00 

11.25 

11.50 

11 75 

12 0*) 

12. 

10 42 

10 68 

10 94 

11.20 

11.46 

11.72 

11.98 

12 24 

12 50 

X 

10.83 

11.10 

11 38 

11.65 

11.92 

12.19 

12 46 

12.73 

13 00 

13. 

11.25 

11.63 

11.81 

12 09 

12 38 

12.66 

12.94 

13 n 

13 50 

X 

11.67 

11.96 

12 25 

12.54 

12.83 

13 13 

13.42 

13 71 

14 00 

14. 

12 08 

12 39 

12 69 

12 99 

13.29 

13 59 

13.90 

14 '20 

11.50 

X 

12 50 

12 81 

13 13 

13 44 

13.75 

14 (Hi 

I t 38 

14.69 

15.00 

15. 

12 92 

13 24 

13.5*5 

13 89 

14 21 

14 53 

14 85 

15.18 

15 50 

X 

13 .43 

13 67 

14 00 

14 33 

14 67 

15 00 

15 33 

16 67 

16 00 

16. 

13 75 

14 09 

14 44 

14 78 

15 13 

15 47 

15 81 

16 16 

16 50 

X 

14 17 

14 52 

14.88 

15 23 

15.58 

15.94 

16 29 

16.65 

17.00 

IT. 

14 58 

1495 

15 31 

15 77 

16 04 

16 41 

16 77 

17 14 

17.50 

X 

1.5 00 

15 38 

15 75 

16.13 

16 50 

16 88 

17 25 

17 53 

18 00 

18. 

15 83 

16.'23 

16 63 

17 02 

17 42 

17 Ml 

18 21 

I860 

19 00 

19. 

16 67 

17.08 

17.50 


18 33 

18 75 

19.17 

19 58 

20 00 

20. 

17 50 

17 94 

18 38 

IK HI 

11) 25 

19 69 

20 13 

20 56 

21 00 

21. 

1833 

18 79 

19 25 

19 71 

20.17 

2**63 

21 08 

21 54 

22.00 

21 

19.17 

19 65 

•20.13 

•20 60 

21 08 

21.56 

22 04 

22 52 

23 00 

BV 

20.00 

20.50 

21.00 

21 50 

22.00 

22 50 

23.00 

■23.50 

24.00 

24k 
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LAUD SURVEYING. 


LAND SURVEYING. 


In surveying a tract of ground, the sides which compose its outline are desig- 
Dated by numbers in the order in which they occur. That end of each side which 
first presents itself in thecourseof the survey, may be called its war end; and the 
other its far end. The number of each side is placed at its lar end Tims, in Fig. 1, 
the survey being supposed to commence at the corner 6, and to follow the direc¬ 
tion of the arrows, the first side is 6, 1, and its number is placed at its far end at 1; 
and so ol the rest. Let NS be a meridian line, that is, a north and south lincj 
and EW an east and west line. Then in any side which runs northwardly 



whether northeast, as side 2; or northwest, as sides 5 and 1; or due north; the 
distance in a due north direction between its near end and its lar end, is called 
its northing; thus, a 1 is the northing of side 1; 1 ft the northing of side 2; 4 c 
of side 5. In like manner, if any side runs in a southwardly direction, whether 
soutlieastwardly, as side 3; or south west wardly, as sides 4 and <5; or due south; 
the corresponding distance in a due south direction between its near end and its 
far end, is called its southing; thus, d 3 is the southing of side 3: He of side 4; 
/6 of side 6. Both northings and southings are included in the general term 
Difference of Latitude of a side; or, more commonly hut erroneously, its latitude. 
The distance due east,or due west, between the near and the far end of any side, 
is in like manner called the easting, or westing, of that side, as the case may be; 
thus, 6a is the westing of side 1; 5/ of side 6; c 5 of side fi; e4 of side 4; and 
62 is the easting ol side 2; 2d of side 3 Both eastings and westings are included 
in the general term Departure of aside; implying that the side dejiaris so far 
from a north or south direction. We may say that a side norths, wests, southeasts, 
Ac. We shall call the northings, southings, Ac. the Ns, Ss, Es, and Ws; the lati¬ 
tudes, lats; and the departures, deps. 

Perfect accuracy is unattainable in any operation involving the measure¬ 
ments of angles and distances * That work is accurate enough, which canuot 
be made more so without an expenditure more than commensurate with the 
object to be gained. There is no great difficulty in confining the uncertainty 
within about one-half per cent, of the content, and this probably never pre¬ 
vents a transfer in farm transactions Rut errors always become apparent when 
we come to work out the field notes; and since the map or plot of the survey, and 
the calculations for ascertaining tue content, should be consistent within them* 
selves, we do what is usually called correcting the errors, hut what in fact is simply 
humoring them in, no matter how scientific the process may appear. We distrib¬ 
ute them all around the survey. Two methods are used for this purpose, both 
based upon precisely the same principle; one by means of drawing; the other, 
more exact hut much more troublesome, by calculation. The graphic method, in 
the hands of a correct draftsman, is sufficiently exact for all ordinary purposes. 
Add all the sides in feet together; and divide the sum by their number, for the 
average length. Divide this average by 8; the quotient will be the projier scale 
in feet per inch. In other words, take about 8 ins. to represent an average side. 
Weshall take it for granted that an engineer does not consider it accurate work to 


• A 100 ft. ehain may vary Its length 5 fret per nille, between winter and summer, by mer* 
change of temn'., ature; and thla alone will make a difference of about 1 acre In 533. The stu¬ 
dent should practise plotting from perfectly accurate data; a« from the example lu table, p. 381, ot 
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Kxuun hi* angles to the nearest quarter of a degree, which Is the usual practice among land-surve7 
ors. They can, by means of the engineer’s transit, now in universal use on our public works, be readily 
measured withlu a minute or two, and beltig thus much more accurate than the compass courses, 
(which cannot bo read off so closely, and which are moreover subject to many sources of error,) they 
serve to correct the latter in the office. The noting of the courses, however, should not be confined te 
the nearest quarters of a degree, but should be read as closely as the observer can guess at the minutes. 
The back courses also should be taken at every corner, aa an additional check, and for the detection 
of local attraction It is 
well In taking the com¬ 
pass bearings, to adopt 
as a rule, always to point 
the north of the compass- 
box toward the object 
whose bearing is to lie 
taken, and to read off 
from the not th end of the 
needle. A prison who 
uses indifferently the N 
mid the S of tin box, and 
of the needle, w ill he very 
liable to make mistakes 
It Is best to measure the 
least angle (shown by 
dotted arcs, Fig 2.) at the 
corners; whether It lie 
exterior, as that atenrner 
6; or interior, as all the 
others; h‘cause It Is al¬ 
ways less than JH0°, so 
that there Is less danger 
of reading It oil incor¬ 
rectly, than if Itoxccoded 
IH0°, taking it for grant¬ 
ed that the transit instrument is graduated from the lame zero to 180° each way: If it Is graduate® 
from zero to 3WP the precaution is useless. When the small angle is exterior, subtract U from 360° 
for the interior one 

Supposing the Weld work to bo finished, and that we require a plot from which the contents may 
lie obtained mechanically, by dividing it into trlaugles, (the bases and heights of which may be 
measured by scale, and thelr'areas calculated one by one,) a protraction of it may be made at once 
from the field notes, either by ustug the anqles, or by first correcting the bearing* by means of the 
angles, and then using them The last is the best, because in the first the protractor must be moved 
to each angle , whereas in the last it will remain stationary while all the benriugs are beiug pricked 
off. Kvery movement of it increases the liability to errors'. The manner of correcting the bearing* 
is explained on the next page. 

In either ease the protracted plot will certainly uot close precisely; not only In consequence of errors In 
the field work, hut also in the protracting itself Thns the last side, No6, Ktg 2. instead of closing In at 
corner (i, will end somewhere else, say, for instance, at t ; the dist f 6 lie.lng the closuig error, which, 
however, as represented in Fig 2, is more than ten times as great, proportionally to the size of the 
survey, as would lie allowable in practice. Now to humor-in this error, rule through every corner 
a short line parallel to (6, and, in all cases, in the direction from f (wherever it mav be) fo tha 
starting point fi Add all the sidos together, and measure 1 0 by the scale of the plot. Then begin¬ 
ning at corner 1, at the far end of side 1, say, as the 



Sum of all . Total closing 
the sides • error ((i 


Side 1 


Error 
for side 1. 


Lay off this error from 1 to o. Then at corner 2, say, as the 

Sum of all , Total closing .. Sum of . Error 
the sides • error t ti • • sides 1 aud 2 • for side 2. 


Which error lav off from 2 to b; and so at each of the corners; always using, as the third term, the 
sum of the ships between the sturtiug polntmnd the given corner. Finally, join the points a, b, c, 
d, ei, 6; and the plot is finished. 

The correction has evidently changed the length of everv side; lengthening some and shortening 
others It has also chanced the augles. The new lengths aud angles may with tolerable accuracy 
l»a lound by means of the scale and protractor; and be marked on the plot instead of the old ones. 


•'roin those to he found in hooks on “iirv eying. This Is the only way In which he can learn what ii 
meant hv accurate work HU «cmiciicul.ir n'utraotor should he about fl to 12 ins in diain and gradu¬ 
ated to 10 min. His straightedge nud triangle should be of metal; we prefer Oerinau silver, which 
does uot rust as steel does; and thev should be made with scrupuloiu accuracy by a skilful initru- 
nient maker. A verv flue needle, with a sealing-wax head, should be used for pricking off dlsts and 
angles; It must be held verticnlly; and the eye of the draftsman must be directly over it. The lead 
pencil should lie hard (Faber’s No. 4 is good for protracting), and must be kept to a sharp point bj 
rubbing on n fine file, after using a knife for removing the wood. The scale should be at least as lonj 
as the longest side of the plot, and should be made at the edge of a strip of the same paper as the ploi 
Is drawn on. This will obviate to a considerable extent, errors arising from contraction and expan 
sion. Unfortunately, a sheet of paper does not contract and expand in the same proportion length, 
wise and orosawisc.'thus preventing the paper woale from being a ported corrective. In plot* of com 
Hon farm surveys, Ac, however, the errors from thla source may be neglected. For Buch plot* as mat 
* protracted, divided, and computed within a time too short to admit of appreciable change, thaqrdi 
larv scales of wood, ivory or metal may ho used; but satisfactory accuracy cannot be obtained witl 
‘•hem on plots requiring several days, if the air he meanwhile alternately moist and dry, or subject h 
oonsiderablc variations in temperature. What is called parchment paper is worse in this respect thu 
good ordlnarv drawing paper. ..... . . 

With the foregoing precautions we may work from a drawing, with as much aoouraoy u Is unalV] 
attained In the field work. 
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When the plot bu many side*, this calculating the error for each ol them becomes tedious; mu 
since, lu a well-performed survey and protraction, the entire error will he but a very small quantity 
it should uot exceed about part of the periphery,) it may usually be divided among the sides by 
merely placing about J4, y$, and % of it at Corners about )£, >$, and J- 4 way around the plot, and ai 
,, i . intermediate comers proper 

O __———T— 1° Uouubyeye Or calcolattoi 

I_“---( ’ j I may Is- avoided entirely bi 

drawing a line a 6 of a lengtt 
equal to the united length! 
ot all the sides; dividing i< 
into distances a. 1. 1, 2 Ate equ.il to the respective sides. Make b c equal to the entire closiug ciror 
join a c, and draw ] 1', l. 2 , Ac, whu.li will give the error at each corner. 

When the plot u. tbus complstcd, it may he divided by flue pencil lines into trmugies, wbosi 
tvasev and height-* may be un-u-ured by the scale, in order to compute the contents. W ith care li 
both the survey aud the draw mg, the error should not exceed ubo&t ,, ^ ^ part ol the true area. A 
least two distiuct sets of tnaugles -liould bedrawu aud computed ui a guaid agaiust mistakes; and i 
the two sets differ m calculated couteuts more ihuii about ^ ^ ^ part, they have hot been as caiefulh 
prepared as they should have been The closing error due to imperfect held work, may be accurately 
calculated, as we shall show and Uni down on the paper before begiumng ihe plot, thu- furuishini 
a perfect test of the accuracv of the protraction work, which, if correctly done, will not close at th< 
point of lirgioning, but at the point which indicates tbeerror. But this calculation of the error, by 
a little additional trouble, furuishcs data also for dividing it by calculation among the dilf sides 
besides the means of drawing the plot co.rrctly at once, without the use of a protractor thus ena 
bllng us to make the subsequent measurements and computations of the tnaugles with more oer 
tainty 

We shall now describe this process, but would recommend that even when it is employed, am 
especially in complicated surveys, a rough plot should first be made and corrected, by th< first of th 
two mechanical methods already alluued to It will prove to l>e of great Bcrvice in using the me the 
by calculation, inasmuch nR It furnishes an eveoheek to vexatious mistakes which are otherwise ap 
to occur: for, although the principles involved are extremely simple, and easily retneniliered whei 
once understood, yet the continual changes in the directions of the sides will, without great care 
cause us to use Ns iu«tead of Ss, Er instead of Wr, Ac 

We suppose, then, that such a rough plot ban been prepared, and that the aug'es, bearings, an 
distances, as taken from the field book, are figured upon it in lead pencil 

Add together the interior angles formed at all the corners call their sum a. Mult the number o 
sides by 180°, from the prod subtract .160° . if the remainder is equal to the sum a, it i* a proof thti 
the angle.* have been correctly measured * This, however, will rarely if ever occur, there wil 
always be some discrepancy , but if the field work haR heeu performed with moderate care, this wil 
not exceed about two mlu for each angle. In this caHe div it in equal parte among all the anglei 
adding or subtracting, as the case may tie, unless it amounts to less than u min to each angle, wbe 
it may be entirely disregarded in common farm surveys The corrected angles may tbeu be msrke 
on the plot in ink, aDd the pencilled figures erased. M r e will suppose the corrected ones to be a 
•hown in Pig 3. 

Next, by means of the* 
corrected angles, correct th 
bearings also. thus. Fig 3 
Select some side (the lougt 
the better) from the two end 
of which the bearing aud th 
reverse bearing agreed; thu 
showing that that licarin 
was probably not influence 
by local attraction I .et aid 
2 be the one so selected; m 
sumeita bearing, N 75°32' I 
as taken ou the ground, to t 
correct; through either en 
of it, ri at its far end 2 , dra 
the short meridian line; pa: 
allel to which draw otlici 
through every corner. Nov 
having the bearing of side : 
N 75° Hi' E. and reuulrin 
that of side 3. it h plain thi 
the reverse bcsring from coi 
ner 2 is 8 75 f> 32 W ; an 
that therefor* the angle 1. 
n>, is 75° 3i . T here'ore, If w 
take 75° 32 from the entii 
corrected angle 1,2 3, or 144 
67', the rem fi#° 25' will I 
the angle Will; consequent! 
the lienriDg of side 3 mutt t 
8 89° 25' E. For finding the bearing of side 4, we now have the angle J3 a of the reverse bearing fl 
fide 8, also equal to 6»° 25' ; aud if we add this to the entire corrected angle 2.14, or tome 32 . we hav 
the angle a34 = 69° 25'4-69°32 = 1.18°57'; which taken from 180°, leaves the angle 684- 4I°8 
consequently the bearing of side 4 mutt be 8 41° 3' W. For the bearing of side 6 we now have U 
angle 84 c=r41 0 3', which taken from the corrected anglo 345, or 120° 43’, leaves the angle c 45- 71 
40'; consequently the bearing of side 5 must be N 79° 40' W. At corner 5, for the bearing of side 1 
we have the angle 45 d - 7<t° 40'. which taken from 133° 10', leaves the angle d 5#-6.I°W'; cons 
qnently the bearing of side 6 witsl lie 8 53° 30' W. And so with each of the sides, nothing bi 



• Because in every straight-lined figure the sum of all Its interior angles is eoual to twice as mao 
right angle* as the figure has side*, min u" 4 right angles, or 300°. 
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lareful observation Is necessary to sec how the several auglea arc to be employed at each oorne*. 
a,ules are sometimes given fur this purpose, but unless frequently used, tlicy are soon forgotten 
The plot median malty prepared obviates the necessity for such rules, inasmuch as the pnuciple of 
jtrooeudiug tliereliy becomes merely a mutter of sight, and tends greatly to pi event error t rum using 
the wrung hearings; while the protractor will at once detect nay serious mistakes as to the -ngles, 
tud thus preveut their being carried farther along After having obtained all the corrected bearings, 
hey may be figured on the plot Instead of those taken in the Held. They will, however, require a 
itill further correction after a while, since they will he affected bv the adjustment of the closing error. 

We now proceed to oaloulate the olosmg error 46 of Fig 2, which is done on the principle that in a 
Hirrect survey the northings will lie equal to the southings, and the eastings to the westings. Pre- 
uare a table of 7 columns, as below, and in the first II cols place the numbers of the sides, and ihelr-’er. 
•ectod courses; also the dints or lengths of the sides, as measured on the rough plot, if such a ouj 
ins been prepared; but if not, theu as measured on the ground. Let them be as follows: 


Side. 

Bearing. 

Cist Ft. 

Latitudes. 

Departures. 

N- 

s. 

■ * ! 

tv. 

1 

N 10° 4(F W 

10G0 

1015 5 



304 

2 

N 7 5° 93f E 

1*202 

300.3 


1 110.3 9 


S 1 

B till 0 25' E 

1110 


390.2 ! 

1 1039.2 


4 

B 41° IV W 

850 


6G. 


558.2 

t 

N 79° 4(F W 

802 

143.9 



789. 

e 

8 5.HP 30' W 

705 


410.3 

1 

5G6.7 




1459.7 

1450.5 

1 2203.1 

2217.9 




1450 5 


1 

2203.1 


i 

• 

9.2 

Error in 

Error In 

14.8 





Lat. 

l>ep. 



Now. by means of tnc Table of Bines, etc , hod the N, S, F., W. of tha severs* sides, and place 
them In the corresponding four columns Thus, for side 1, which Is 10b0 feet long, with bearing 
\ 16° 40’ W ; cos It/’ 40' = 0 3580, sin lt>° 40' = 0.2hf>8. 

Here N = 1060 X 0 9580 = 1015 5; and W = 1060 x 0 2868 = S04. Proceed 
thus with all Add up the four cola; find the dlff lietween the N and S cols; and also between 
the E and W nues. lu this instance we find that the Ns are l» 2 feet greater than the Ss; and that 
the Ws are 14 h H greater than the K*; In other words, there Is a closing error which would CMiise a 
correct protract inn of our first three cols, to terminates 2 feet too far north of the starting point, and 
14.8 feet too far »i at of n So that by placing this error upon the paper before beginning to protract, 
we should hav e a teal Tor the accuracy of the protracting work. but os before remarked, a little more 
•rouble mil iiiiu enable ns to div the error proportionally among all the Ns, Ss, F,s, and Ws, anti thereby 
give as dnta tor dr twins the plot correctly at once, without u*iug a protractor at all 

To divide ..mm., pi upare a table precisely the same as the foregoiug, except that the her spaces 

are farther npa-t. and Unit the addtngs-up of the old N, B, E, W columns are omitted. The additions 
here uotictd are ninde Miihsequent'y. 

The new table is on the nest page. 


Remark. The bearing 1 and tlie reverse bearing from the two ends 

ut u hue will not read precisi ly the mime ar gle; and tin* diffeienee vanes with the 
latitude and with the length of th<* line, hut not in the Mime pmportion with either, 
it is, however, generally too small to he detei ted bv the nt*e«lle, being, according 4 a 
Gum mere, only line'* quarters ol a minute in a line one mile long in lat 40°. In 
higher lats it is mine,and in lower ones less. It is caused by the tact that meridians 
%r north and south hues are not truly parallel to each other; but would if extended 


neet at the poles. 

Hence the only bcnrlnw tha* can be mil In a Htralgtlt line, 

with ■inttunrwe,, l.wuiw N oxc.i.tll>. v.-rj eqiuur. •!« S ul W 

one will ainu bo straluhl Hul a true cnrvcil K anil VV line may bo iouucl 

say where with sufficient accui ncy for the surveyors pur|M»srs tints Hav mg first by means ol tbe N 
»tw p 284, or otherwise go* h true N aud 8 bearing at tbe sWitiug point, lay off from H 90“ for a true 
E and W bearing at that point '1 bis K aud W beartug will be laogeut to the t. ne K and W curve. 
Hun tills tangent caielully, and at intervals (say at the end of earn mile) lay off from it (towards 
tbe N If in N lat. or vice ver~u) an utlset whose leugtb in Jttt is equal to the projier one from the 
following table, multiplied by the square ol the distance in mi let trom tbe sW'iug point lhese 
offsett will mark points in tbe true h aud W curve. 


I.iifilude S or Si. 

ft > ]()o ,fto 20° 25° 80° 85° 40° 45° 50> 55° «P «o 

OflfSeM in ft. one mile from Kturlinif point. 

058 .118 .178 .243 .311 .885 .4117 .553 .667 .71*5 .952 1 15 1.48 

Or, any offset In ft = .G6G6 X Total in miles* X Nat Tang of Lat. 

A rhnmb line is any one that ero.-,aes a lueridian obliquely, that is, ie 
* Uher dus N and 8, nor E and W. 

22 
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Side. 

j Bearing. 

1 

1 

Latitudes. 

Departures. 


j Dist. Ft. 

N 

s. ! 

K. 

W. 

1 

N 10° 40' W 

low 

| Jul.j 5 
! 1 7 

I 


304.0 







.. 301.3 

2 

' N 75° 32' E 

1202 

! aim 

1.9 


1163.9 

31 j 




1 298.4 


... 1107.0 


3 

S 69° 25' E 

1110 


399.2 ! 
1.8 | 

1039.2 

2 9 






| 392 . i 

... 1042.1 


4 

S 41° 3' W 

S.V) 


041.0 

1.3 j 
| 042.3 


558,2 

5«j(’>.0 

789 0 

21 

6 

N 79° 40' W I 

802 

143 9 
13 





142.0 

.j 


.. 7 S0.9 

6 

S 53° 30' W 

705 


419.3 

11 1 


506 7 

1 8 





| 420 1...' 


504 9 








5729 ! 

1454.8 

1454.7 | 

2209 1 

i 22091 



Sum of | 
Sides. | 

Cui"d Ns 

Cor’d Ss ! 

Cor'd E» 

IcoiUlVti. 


Kow we have already found by the old table that the Ns and the M's urn ton long; consequently 
they must ho shortened ; while the Ss, and Ks, must be lengthened, all in the billowing proportions : 


Rum of all , Any given .. Total err of , Erroflat ordep. 
the sides • side •• lat or dep • of given side. 

Thug, commencing with the lat of side 1, we have, as 

Sum of all the sides. . Side 1. Total lat err. . Lat err of sldel. 
5729 * 10W1 • • 9 2 • 17 


Now as the lat of side 1 is north, it most ho shortened; hence It becomesloll 5 — 1.7=1013 8, as 
Bgured out In the new table. Again we have for the departure of side 1, 

Sum of all the Bides. . Sldel. Total dep err. , Pep err of sldel. 

5729 • 1060 •• li 8 • 2 7 


Proceeding thus with each 
sldt, we obtain all the corrected 
bits aud depg as showu in the 
new table; w here they arc con¬ 
nected with their respective 
side* by d-dtcd lines; but In 
pructioc It Is better to cross out 
tlie original ones when the cal¬ 
culation is finished and proved. 
If we now add up the 4 cols or 
corrected N, S. E.W.we find that 
the Ns = the Ss; and the F,s= 
the Ws, thus proving that the 
work Is right. There Is, It Is 
true, a discrepancy of .1 of a ft 
between the Ns. and the Ss; but 
this is owing to our carrying 
out the corrections to only ona 
decimal place: and is too small 
to lie regarded. Plsarepanoles 
of 3 or 4 tenths of a foot will 
sometimes occur from this 
cause; but may lie neglected. 
The corrected lata and dept 
must evidently ohauge the 
bearing and distance of every 
ddn; but without knowing either of these, we oan now plot the *ur*ev by means of *ho oor rooted 
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lats ana depti alone. The principal is self-evident, explaining itself. First draw a meridian line 
N 8, Fig. 4; and upon it fix on a point 1, to represent the ertreme west* corner of the survey. 

Then from the point l, prick off by soale, noiihward, the dm 1, 2*—the corrected northing 298.4 
of side 2, taken from the hint table; from 2 f southward prick off the dint 2 / , 3', the corrected south¬ 
ing 392 of side 3, from S' southward prick off .V, 4', =soutiling 414*2 3 of side 4; from 4' northward 
prick off 4', 6'- northing 142.6 of side 5, fiom bf prick off southward 5', 6'--southing of side 61. 
Then from the points 'if, S', 4', tf, 6draw indefinite lines due eastwaid, or at right angles to the 
meridian liue. Make by scale, 2', 2 =rcorrected departure of Ride 2: and joiu 1, 2. Make 3', 8~dep 
Df side 24-dcpof side 3; and join 2, 8; make 4 , 4=3’, 3—dep of side 4, and join 3, 4; make 5'. 6 
=4',4—depof side 5; ttudjoiu4,5; make 6*. 6 = 6'. 5—dep or side (i; and join 5,6J Finally join 
5.1; aud the plot is complete If scrupulous aecui ary is not required, the contents may bo found bj 
tbu mechanical method of triangles; the lieanngs, hv the protractor; aud the lengths of the sides, 
oy the scale ; all with an approximation sufficient for ordinary purposes; and perhaps quite as close 
ta by the method by calculation, when, as is customary, the bearings are taken only to the nearest 
quarter of a degree. We have already said that with a scale of feet per inch — *— . lc ngt hof sid es, 
the error of area need not exceed the jpftth part. 

Hut if it is required to calculate the area of the corrected survey with rigorous exactness, it may 
*oe done on the following 
junciple, (see Fig 5) If a ai 
meridian lino N 8 be sup- HI 
posed to be drawn through 
’.be extreme west curucr 1 of 
t survey, and hues (called 
middle distance *)drawn (as 
the dotted ones in the Fig) 
it right angles to said me¬ 
ridian, from the center of 
sach side of tbo survey; 

‘.hen if each of the middle 
lists of such sides as hate 
northings, be mult by the 
jorrected northing of Its cor¬ 
responding side. and if each 
>f the middle diets of such 
sides as have southings, be 
mult by the corrected south¬ 
ing of Us corresponding 
tide; if we add all the north 
prods into one sum; and all 
the south prods Into auother 
sum; and subtract the leant 
of those sums from the great¬ 
est, the rem will be the urea 



* The extreme cast corner would answer aB well, with a slight change In the subsequent oper¬ 
ations, as will become evident. 

(Instead of pricking off these northings and southings in succession, from each other, It will be 
more correct in practice to prepare first a table showing how far each of the points 2',3', &e, is north 
or south from 1. This being done, the points cuti bo pricked off north or south from 1, without mov¬ 
ing the scale each time; aud of course with greater accuracy. Such a table is readily formed. Bui* 
it or below, and in the first three oolumns place the numbers of the sides (starting with side 2 from 
point I,) aud their respeeme corrected northings and southiugs The formation of the 4th aud 5th 
cols by means of the 3d and 4th ones, explaius itself. Its accuracy is proved by the final result 
being 0._ 


" 

Hide. 

R. lat. 

8. lat. 

Hist N or S from Point 1. 

k . a- . 

2 

298,4 


298 4 


3 


392. 


93.6 

4 


642 3 


735.9 

6 

142.6 



593.3 

6 


420.4 


1013.7 

1 

1013 S 


000 0 

000 0 


I A similar table should be prepared beforehand for the dints of the points 2,3, 4, Ac, east from th* 
meridian line. It is done in the same manner, but requires one col less, as all the diets are on th* 
same side of the mer line. Thus, starting from point 1, with side 2. 


Side. 

E dep. 

W. dep. 

Pist east from 
meridian line. 


1167.0 


1167.0 


1042.1 


2209.1 



656.0 

1663.1 

5 


786.9 

866.3 

6 


664.9 

801.8 

1 


801.8 

000.0 


this work likewise proves itself by the final result being 0. 
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of the survey.* The corrected northings and southings we have alreadv found; aa also the easting! 
and westings. The middle diets are found by means of the lattei, by employ mg their halva : adding 
half eastings, and subtracting half westings. Thus it Is evident that the middle dut 2' of aide 2, la 
equal to half the easting uf side 2. To this add the other half easting of side 2, ami a half easting 
of side3, and the sum is plainly equal to the middle dist3 of sided. To this add the other half 
easting of sideand subtract a half westing of side 4. for the middle di-t 4 of side 4. From this 
tubtraot the other half westing of side l, anil a half westing of side 5, for the middle dist 6' of eld* 
y, and so on. The actual calculation maj no made thus. 


Half easting of side 2 = 


1)07 

2 


— fiKl 5 K = mid disl of side 2. 
oh! o E 


HI 12 1 1 Hi; 0 K 

Half eastiug of side .! =-— fi21 0 E 

1GW 0 E = mid dist of sided. 
621 0 E 

556 2209 0 K 

Half westing of side 4 =r — — 278 0 W 

1911 0 K “mid dist of side 4 
278 0 W 

7«6 9 165‘i 0 K 

Half westiug of side 5 = - — 393 o W 

1259 5 F. = mid dist of side 5 
393 5 W 

5M 9 Hhh 0 E 

Half westing of side 6 = -= 2*2 i \V 

581 fi K = mid dist of side 6. 
2h.» I W 

301.3 301 l K 

Half westing of side 1 = -= 150 <• VT 

150.6 E = mid diet of sido 1. 


The work always proves itself bv the last two results being equal. 

Noxt make a table like the following, hi the first 4 cols of which place the nnmbers of the aides, 
tne middle dists, the uorthiugv and southings. Mult each middle dist by its coi responding northing 
or southing, and place the products in their proper col. Add up each col, subtract the least from the 


Side. 

i Middle dist. 

Northing. 

Southing. 

North prod. 

South prod. i 


1 

150.6 

1013.8 


152678 



•2 

583.5 

298.4 


174116 



£ 

1688 | 


392 


661696 


4 

1931 


642.3 


1240281 1 


5 

1259.5 

142.6 


179605 



6 

583 6 


420.1 


245345 1 






506390 

2147322 






1 

506399 






43560)164< M'£V 37.67 Acres. 


* Proof, To illustrate the principle upon which this 
rule is baaed, let aft, be, and c«, Fig6, represent in 
order the 3 sides or the triangular plot of a survey, with 
a meridian line if drawn through the extreme westoor- 
ner, a. Let lines 6 i and c/ be drawn from each oorner, 
perp to the meridian line; also from the middle of each 
side draw lines tee. ran, to, also perp to meridian; and 
representing the middle dists of the sides. Then siuoe 
the sides are regarded in the order ah, be, ea. It is 
plain that ad represents the northing of the side a b; 
fa the northing of caj and if the southing of 5 c. 
Mow if we mult the northing ad of the side a5, by it* 
mid dist no, the prod is the area of the triangle abd. 
In like manner the northing fa of the side c a, mult by 
its mid dist * o, gives the area of the triangle uc/. Again, 
IhewttfAfnp i f of the side 5 c, mult by its mid dist mn, 
gives the area of the entire fig dbcfd. If from this 
area we subtraot the areas of the two triangles a 5 d, 
mi a of, the rem U evidently the area of the plot a be. 
So with any olhsr plot however complicated. 
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K test. The rem w 111 be the area of the survey In sq ft; which, dlv by 435C0, (the number of aq tt 
u acre,) will l»e the hum iu tunes, in tins lustuuce, 37 67 uc. 

It now remains mil) to < m iihiu me cuim t<-I Is-aring- ..ret lengths of the aides of the survey, all 
of which Hie necessarily i-lnuigi it bv iiie ihMMimii of tne cnmotoil Ut» uml depst. To hud the beuriug 
ol auy .side, dlv iu depariuir tl. ui U) b) its lut V N m Si, in hr tabh ol uat tang, llnd Vhequot; 

the angle opposite it la the reqd angle of hearing. Thus, for the oouiHe of side 1, we huve - { ^ ^ 

- .2972-nat tang, opposite which iu the table is the reqd angle, 16° 83'; the bearing, therefore, u 

nbpss w. 

Again: for thcdlst or length of anv Hide, from the table of rial cosines take the eon opposite to 
.lie angle ol the collected heatiug, (IniJe the corrected l.ii (N oi S) of the side by theoos. Tnaa 
'or the dial ol Mde 1, we llnd opposite 16° 3d , the cos .9566 And 
Lat. Cos. 

1913 8 -5- 9566 * 1057 6 the reqd dU. 

The following table contains all the corrections of the foregoing survey ; consequently, if the bear¬ 


Side. 

Bearing. 

Dist. Ft. 

1 

N 10° 33' \\ 

1057.6 

2 

N 75° 39' K 

1204.0 

8 

S 23' E 

1113.3 

4 

H 40° 53' W 

849.6 

5 

N 7 9° 44' W 

800.1 

6 

S 53° 21' W 

704.3 


ings and dists nre correctly plotted they will close perfectly. The young assistant Is advised M 
practise doing this, ax well as dividiug the plot into triangles, aud computing the content. In thin 
uiauuer he will soon learn what degree of care Is uecessary to insure accurate results 
tne iu,iuAu.k hint* may orten De or service, 
ist. Avoid taking bearings and 
dists along a circuitous bound¬ 
ary line like a be, Fig 7, but run 
the straight Hue a c ; and at 
right angles to it, measure off¬ 
sets to the crooked Hue. ®d. 

Wishing to survey a straight 
line Trom a to c. but being una¬ 
ble to direct the instrument 
precisely toward c. on account 
or Intervening woods, or other 
obstacles; first run a trial line, 
as a m, as nearlv In the proper 
direction as can lie guessed at. 

Measure ro *. and say, as a m is to m r, so is 100 ft to 7 7,ay off a o equal to 100 rt. and o « equwj 
to 7 ; and run the final line ate. Or. if m c is quite small, calculate offsets like o s fnrwvery 100 ft 
along a m. and thus avoid the necessity for running a second line. 8d. When < is visible from a, but 
the Intervening ground difficult to measure along, on account of marshes, Ac, extend the side w • 
to good ground at t: then making the angle y t d equal to v o r. run the line t ti to that point a at 
whioh the angle n d c is found by trial to he equal to the angle a t d. It will rarely be necessary to 
make more than one trial for this point d. for, suppose it to be made at x, see where it strikes a c at 
t, measure I r, and continue from x, milking x i/-ic. 4th. In case of a very Irregular piece or 
land, or a lake. Fig «. surround it by straight lines. Survey these, and at right anglaa to them, 
measure offsets to the crooked boundary 



a 



Fig. 9. 


5th. Fur 9 Survey ing a straight line from u> toward V, an obBtaole, o. la met. To paa* 
it. lav off a right anirle «’ 1 « . uioaBure anv t h make t « o - 90°, measure u v ; make 
ttvi — oo° make e t = t «. make v * y W»°. Then is t » = m v , anti t y is in the straight 
line. Or. with lea** trouble, at 9 make t ga ~ 60° , measuie any g a ; make o o« -= W°; 
and as = g «. make uii = tU)°. Then is </ » g “ or a t ; and i «. continued toward », 
is in the straight lino. 6th Flu' 10. Benin between t wo objects. «• and n. and wishing; 
to place tin wt»if in ramre with them. 1 lay a straight rod c h on the ground, and point it 
to one of the objects ««: then going to the end c, l find that it does not point to the 
other object. n. By suecoaaive trials. 1 llnd the position o d in which it points to both 
objects, and consequently is in tange with them. 
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CHAINING. 

Chains. Engineers have abandoned the Gunter’s chain of 66 ft, divided 
Into 100 links of 7.92 ins each. They now use a chain of 100 ft, with 100 links 
of 1 ft. each, and calculate areas in sq ft, the number ot which, divided by 
43,560, reduces to acies and decimals, instead of to aci<*s, roods, aud perches. 
Gunter’s chain is used on l!. S. Government land surveys. 

Chains are commonly made of iron or steel wire. Each link is l>ent at each 
of its ends, to form au eye, by which it is connected with the adjacent, links, 
either directly, as in the Grumman patent chain, or, more commonly, by from 
1 to 3 small wire links. The wearof these links is a fruitful souice of uiaeeuiacy, 
inasmuch as even a very slight wear of each link considerably increases the 
length of the chain, lienee, chains should be computed with some standard, 
such as a target rod, every few days while in use. For transportation, the 
lengths are folded on each other, making a compact and shcaf-like bundle. 

Tapes. With improved facilities for the manufactu re of steel tape, the chai n 
is goiug out of use. The tape, being much lighter, inquires much less pull, and, 
as there are no links to wear, its length is much moie neatly constant than that 
of th** chain, it is replacing, to some extent, the hasc-mcaM.iriug rod for 
accurate geodetic work. Steel tapes are made in continuous lengths up to 500, 
600, aud even 1000 ft, but those of 100 ft are the most commonly used. Very 
long tapes are liable to breakage in handling. Even the shot ter lengths, unless 
handled carefully, are apt to kink and break. Breaks arc dilficult to mend, and 
the repaired joint is seldom satisfactory; whereas a kink in a wire chain seldom 
Involves more than a temporary change of length. Being run over by a car or 
wagon will often kink steel lapes veiy badly, if it does not break them.* How¬ 
ever, the lightness, neatness, and reliability of the tape offset these disadvan¬ 
tages, which, indeed, the surveyor soon learns In overcome. 

Tapes for general field work are usually narrow (from 0.10 fo 0 25 in) and 
thick (from 0.013 to 0.025 iu),f and are graduated by means of small brass 
and copner rivets, spaced, in general, 5 ft apait, 1 ft apart, in the 10 ft at each 
end, auu 0.1 ft apart in the ft at each end. They are usually mounted on reels. 

Tapes for city work are wider (from 0.25 toO 5 in) and thinner (from 0.007 to 
0.010 in)f and are graduated (usually to 0 01 ft) throughout their leugth by 
means of hues and numerals etched ou the steel. 

PinN are ordinarily of wire, pointed at the lower end, and bent to a ring at 
the upper end. They can lie forced into almost any ground that is not exceed¬ 
ingly stony. A steel ring, like a large key ring, is often tised for carrying the 
pins'. Each pin should have a stripof hnght red flannel tied to its top, in order 
that it may be readily found, among the glass, etc., by the icar chainiuan. 

Corrections for Nag: anil Stretch. The following diagramJ (seep. 
283) gives the correction .or a steel tape weighing 0.75 lb tier 100 ft.f 


♦The Nichols Engineering & Contracting Co., Chicago, guarantees that its 
tapes will not lie injured by I wing run over by wagons. 

fThe sizes of tapes, as made by different manufacturers, vary greatly. Tn 
applying the corrections, therefore, the width aud thickness of the tape’ to lie 
used should be carefully measured, and its weight per ft. computed. 

I Deduced from diagrams constructed by Mr. J. O. Clarke, Proceedings Engi¬ 
neers' Club of Philadelphia, April, 1901, Vol. XVIII, No. 2. from the formula: 


Stretch, in feet — ^ 

where 

P = pull ou tape, in ibs. 

S = span of ta|>e, in feet. 

E — modulus of elasticity for steel - 27,500,000 tbs per sq in. 
A = area of cross-section of tape weighing 0.75 ft> per 100 ft. 

— 0 0022 square ins, 

and from the equation of the parabola, according to which 


shortening by sag, in feet = 


W* K» 
24 P- 


where W weight of tape, in pounds per foot. 

Except for very light pulls, this last formula gives practically the same results 
as the equation of the catenary, which is absolutely correct, but much more 
cumbersome. 
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The diagram shows that a span of 100 ft of tape weighing 0 75 ft) per 100 ft, 
requires a pull of 11 2 lbs to reduce the correction to zero; a span of 50 ft, 7.3 lbs, 
etc. At these tensions (which are called normal pulls), the opposite effects of 
sag and of stretch are equal. At higher tensions, the lengthening due to stretch 
exceeds the shortening due to sag, and vice versa. 

Tapes of other weights require pulls proportional to their weights or 
to their areas of cross-section. Thus, a tape, of any length, weighing 1 tt> 

per 100 ft, would require, for any given correction, a pull of x = y = y, 

where y = the pull for the same correction on the standard tape, weighing 0.75 
lb per i00 ft. 

Conversely; given a pull of 10 lbs on a 50 ft span of a tape weighing 0 6 lb per 
100 ft; required the correction. To produce the same en or in the tape weighing 

0.75 ib per 100 ft would require a pull of y = 10 X ^ 12.5 lbs. Referring to 

the diagram at 12.5 lbs on the curve for a 50 ft span, we find correction => —0.16. 
This is the proper correction for either the heavier tape with 12.5 lbs or for the 
lighter tape w itn 10 lbs pull. 

Correct ion* lor teinperatnre. Tapes are usually graduated so as to 
be of standard length at 62° Kahr. For ordinary steel tape, the correction for 
temperature is aUmt 0.0000065 ft per ft per degree Fahr. 

Corrections for temperature are uncertain, since the temperature of the tape 
cannot be determined with any accuracy. Measurements requiring great 
accuracy should therefore he made in cloudy weather, or at night, and the tape 
and the thermometer should he kept off the ground. 

When measuring over Mlopiiijff ground. in ordinary work, the chain or 
tape should be held as nearly horizontal as possible, transferring the position of 
the raised end to the ground by means of a plumb line. Where the ground is 
steep, it becomes necessary to use a.short length of tape, as the down-hill cnain- 
maii could not otherwise hold his end high enough; or the tape may be held 
parallel with the slope, and the distance corrected by the following formulas: 

— cos A ; II = S. cos A; S => ——r — H. sec .4 ; 

S cos A 

^ = tan A; II = H. tan A; 

^ «- sin A; R — S. sin A. 
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LOCATION OF THE MEKlblAK. 

By means of circumpolar stars. 

(1) Seen from a point () (Figs. 1 and 2) on the earth, a circumpolar .-.mi • 
(star near the pole P) appears to describe daily* and counterclockwise a 
small circle, e it w l, about the pole. The angle P 0 c, P O n, etc., subtended 
by the radius IV, P u, etc., of this circle,or the apparent distance of the 
star from the pole, is called its polar distance. The polar distances of 
stars vary slightly from year to year. Bee Table :5 They var> slightly also 
durii" 7 each year. In the case of Polaris this latter variation amounts to 
about 50 seconds of arc. 

(2i The altitude of the pole is the angle N 01*of the pole’s elevation 
above the horizou N E S W, and is •-= the latitmie of the j*oiut of obser¬ 




vation. Declination —- angular distance north or south from thecelestial 
equator. Thus, declination of pole -= 90°. Declination of uny star - 90°—its 
polar distance. 

(»> Let Z t II he an arc of a vertical circlet passing through a circumpolar 
star, r, and let H be the point where this are meets the horizon N E H W. 
Then the angle NZH at the zenith Z, or N 0 II at the point O of observa¬ 
tion, between the plane N Z O of the meridian and the plane H Z O of the 
star’s vertical circle (or the arc N II), is called the nzlmutlii of the star. 
If this angle N O H be laid of!'from O H, on the ground,the line 0 N will l>e 
in the plane of the meridian N ZS, or will be a north-and-south 
llne.tl 

(4) When a star is on the meridian Z N of the observer, above or below 
the pole P, as at u or l, it is said to In* at its upper or lower culmina¬ 
tion. respectively. Its azimuth is then = 0, the line O H coinciding with 
the meridian line O N. 

(5) When the star has reached its greatest distance, cast or west from the 
pole, as at e or w, it is said to be at its eastern or western donga- 
tlon.g 


* In 23 h. 361 m. 

t A great circle is that section of the surface of a sphere which is formed 
by a plane passing through the center of the sphere A vertical circle is a 
great circle passing through the zenith Z. 

X Astronomers usually reckon azimuth from the south point around 
through the west, north, and east points, to south again : but for our pur¬ 
pose it is evidently much more convenient to reckon it from the north 
point, and cither to the east or to the west, as the ease may be. 

1 The point N,on the horizon, is called the north point, and must not 
be confounded with the north pole P. 

I As seen from the equator, a star, at either elongation, is, like the pole 
-•elf, on the horizon; and the two lines P e, Pie, joining *». with the pole, 
form a single straight line perpendicular to the meridian, apd lying in the 
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(6) The hour angle of any star, at any given moment, is the time 
which has elapsed since it was in upper culmination.* 

(7) Evidently the azimuth of a star is continually changing In cir¬ 
cumpolar stars it vuries Irom 0°to maximum (at elongation, and back to 
9° twice daily, us the star appeurs to revolve about the pole; but when the 
star is near cither elongation the change in azimuth takes place so slowly 
thut, for some minutes, it is scarcely perceptible, the star appearing to 
travel vertically. 

(H) For any star, whose declination ( 90° — its polar distance) exceeds 

the latitude of the point of obsenation, we have : t 

Sme <>f azimuth of star |_sin e of po lar distance of star_ 

at elongation / cosine of latitude of point of observation 
or >ee til) and Table 3. When lat > deel, sine az ^ l. Hence this foi- 
mula does not then apply. 

(tt) The following circumpolar stars are of service in connection with 
observations for determining the meridian. See Fig. 3. 


Constellation letter Called 

I'rsa minor (Little bear) a (alpha) Polaris 

l rsa major (Creat bear) * (epsilon) Alioth 

" “ ( “ “ ) C (zeta) Mizar 

Cassiopeia $ (delta) Delta J 



(10) PolarlM, or the north star, is fortunately placed for tlu determi 
nation of the meridian, its polar distance being only about 1 °. See 'l’abW 
3 Fig. 3 shows the circumpolar stars as they appear about midnight in 
July; inverted, as in January; with the left side uppermost, as in April; 
and, with the right side uppermost, as in October.2 


horizon The azimuth of the star is then - its polar distance. But in 
other latitudes Pc and I'm form acute angles with the meridian,as shown, 
an<l these angles decrease,and the azimuth of the star at elongation in¬ 
creases, as the latitude increases. 

* In lat. 40° N., the hour angle, ZPc ZP«\ of Polaris, at elongation, is 
- .> h r»r» m. of solar time. Cantion. It will be noticed that, except for 
.in observer at the equator, the elongations do not occur at 90° from the 
meridian. 

i In the spherical triangle Z T r, we have : 

sin c Z P __ sin P c 
sin Z c P " sin P Z 


But, since Z e I* - 90°, sin Z c P 
eZP azimuth of e. 

Hence, sin azimuth of e 


- 1. Also, sin P Z - cos iflO P Z), and 


sin Pc sinjrnlardistance FOc 
sin P Z cos latitude 

t fi Cassiopeia is here called Delia, for brevity. 

!i Polaris in easily found by means of the two well-known star# 
called the •* pointers” in “ the dipper,” Fig. 3, which forms the hinder 
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(11) Table 3 gives the mean polar dlsts of Polaris and their log 
sines for Jan 1st in each second year from 1936 to 1966 incl, the log 
cosines of each fifth degree of lat from 25° to 50°, and the correspond¬ 
ing azimuths of Polaris at elongation. Intermediate values may be 
taken by interpolation. 

(12) By Observation of Polaris at Elongation. This method has 
the convenience, that at and near elongation the star appears to travel 
vert'y for some minutes, its azimuth, during that time, remaining 
practically constant; but during certain parts of the year (see Table 
1), the elongations of Polaris take place in daylight; so that this 
method cannot then be used (See note p. 290). See (18), (19), (22). 
Nor can it be used at any time in places soifth of about 4° N lat, 
because there Polaris is not visible. 

(13) The approx times of elongation of Polaris for the first of each 
month in 1937 are given in Table 1, with instructions for finding the 
times for other dates. Or, watch Polaris in connection with any of 
those stars which are nearly in line with It and the pole, as Delta, 
Mizar, and Alioth. See Fig 3. The time of elongation is approxi¬ 
mated, with sufficient closeness for the determination of the azimuth, 
by the cessation of apparent lior motion during the observation. 

(14) From 15 to 30 minutes before the time of elongation, have 
the transit, see (21), set up and carefully centered over a stake previ¬ 
ously driven and marked with a center point. The transit must be in 
adjustment, espec’y in regard to the second adjustment, p 294, or that 
of the hor axis, by which the line of colllmation is made to describe a 
vert plane when the transit Is leveled and the telescope is swung 
upward or downward. 

(15) Means muBt be provided for making the stake and cross-hairs 
of the transit visible. This may be done quite satisfactorily by holding 
a sheet of paper behind the stake, and then illuminating the paper 
by a light held either behind the paper or in front of It, but not so 
that the light is In (he field of the Instrument. In this way. the stake 
and pencil point or knife-blade held on it, or the nail or tack in its top, 
and also the cross-hairs, are all seen in silhouet against the illuminated 
paper. Care should be taken, however, not to use the wrong cross-hair. 

(16) Bring the vert hair to coincide with Polaris, and, by means of 
the tangent screw, follow the star as it appears to move, to the ngAt 
if approaching eastern elongation, or vice versa, keeping the hair upon the 
star, as nearly as may be. As elongation is approacht, the star will 
appear to move more and more slowly in azimuth. When it appears to 
travel vert’y along the hair, It has reaoht elongation, and the vert 
plane of the transit is in the plane of the star’s vert circle at elonga¬ 
tion. Depress the telescope, and fix a point in the line of sight, prefer¬ 
ably 300' or more distant from the transit. Immediately reverse the 
transit, (swinging it hor’y thru an arc of 180°), sight the star again, 
again depress, and, if the line of sight then coincides perfectly with the 
mark first spt, both are in the plane of the star’s vert circle. If not, 
note where the line of sight does strike, and make a third mark mid¬ 
way betw the two. The line of sight, when directed to this third mark, 
is in the req’d plane, from which the azimuth, found as In (8), has yet 
to be laid off to the meridian, to the left from eastern elongation, and 
vice versa. 


portion of the “great bear” (Ursa major), a line drawn through these 
two stars passing near Polaris. As the stars in the handle of the dipper 
form the tall of the great bear, as shown on celestial maps, so Polaris 
and the stars near it form the tail of the little bear (Ursa minor.) 
Polaris is also nearly midway and in line between Delta and Mizar. 
Polaris forms, with three other and less brilliant stars, a quite symmet¬ 
rical cross, with Polaris at the end of the right arm. In Fig. 3 this cross 
is inverted. ItB height is about 6°, or=:the distance between the pointers. 
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(17) To avoid driving the* distant stake and marking it during the 
night, a flxt target at any convenient point may be used, and the hor 
angle formed betw the line of sight to the star and that to the target 
merely noted, for use in ascertaining and laying off the azimuth of the 
target. 

(18) By observations of Polaris at Culmination. Fig 3. See parag 
9. The times of Polaris at culmination may be determined by the table 
below* in which aie given the number of minutes (and tenths) to the 
culmination of Polaris after its being in the same vert plane with Delta 
Cassiopeiae or Mizart. 



Jn 1 Fb 1 Mr 1 Ap 1 My 1 Jn 1 J! 1 Ag 1 

Ag 1 Sp 1 Oc 1 Nv 1 Dc 1 Jn 1 

Lat 

Delta below pole; L C of Polaris; 

Mizar bel pole; U C of 
Polaris; 

40° 

Time interval in mins 

Time interval in mins 

1937 

1942 

20.6 20.0 19.5 19.3 19.3 19.7 20.3 20.9 
23.3 22.7 22.2 22 0 22 0 22.4 23 0 23.6 

19.0 20.0 20.4 20.5 20.3 19.9 
22 2 22 7 23 1 23.2 23.0 22.6 

Lat 

Mizar above pole; L C of Polaris 

Delta abv pole; U C of 
Polaris; 

30° 

Time interval In mins 

Time interval in mins 

1937 

1942 

19.7 19.1 18.6 18.3 18.4 18.8 19.3 20.0 
22.5 21.9 21 4 21.1 21 2 21.6 22 1 22.8 

20.4 20.9 21.3 21.4 21,2 20.8 
23.1 23.6 24 0 24 1 23.9 23.6 


In lat 50°, the time interval is 0.1 min greater than in lat 40°. 

in lat If. 0 , the time Interval is 0.1 minute less than in lat 30°. 

The mean annual increase after 1942 is 33 secs, or 0.5G minute. 

(10) By observation of Folaris at any point in its path. Table 1 
gives the mean solar times of upper culmination of Polaris on the 1st 
of each month in 1937, and directions for ascertaining the times on 
other dates; and Table 2 gives the azimuths of Polaris corresponding 
to different values of its hour angle in civil or mean solar time, for 
different latitudes from 30° to 50°, and for Jan 1, 1938 and 1948. For 
hour angles, latitudes and dates intermediate of those in the table, the 
azimuths may be taken by interpolation. See caution and formula, 
P 290. 

(20) The localt time of observation must be accurately known, and 
the time of the nearest upper culmination subtracted from it. The 
difference is the hour angle to be used in Table 2; the resulting azimuth 
is to the west of north if the hour angle Is positive, and to the east of 
north if negative. Find the time of the nearest upper culmination 
from Table 1. For the months where only lower culminations are 
given, add or subtract 11 hours, 58 minutes. 

(21) "Where great accuracy Is not req’d, Polaris may be observed by 

means of a plumb-line and sight. A brick, stone or other heavy object 
will answer perfectly as a plumb-bob. it should hang in a pail of 
water. A compass sight, or any other device with an accurate straight 
slit about wide may be used. The sight must always remain per¬ 
fectly vort, but must be adjustable lior’y for a few feet east and west. 
The plumb-line and sight should be at least 15 feet apart, and so placed 
that the star and plunab-line can be seen together thiu the sight, thru- 
out the observation. The plumb-line must be illuminated. It Is well 
to arrange these matters on an evening preceding that of the observa¬ 
tion. When the star reaches elongation, the sight must be fastened in 
range with the plumb-line and star. From the line so obtained, lay off 
the azim uth; to the t vest for east elon gation, and vice versa. __ 

* Taken from p 767 of the American Ephemerib and Nautical Alma¬ 
nac of 1937, by Interpolation. 

t Mizar may be recognized by the small star Alcor close to it. 

t Local time agrees with standard time (p 267) on the standard 
meridians only. For other points add to standard time 4 minutes for 
each degree of longitude east of a standard meridian, and vice versa. 
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(22) By any star at equal altitudes. This method, applicable to 
south as well as to north late, consists In observing a Btar when it is at 
any of two equal altitudes, E and W of the meridian, thus locating, on 
the horizon, two points of equal and opposite azimuth. The meridian 
is midway between them. 

(23) By equal shadows from the sun. Approximate. Hang a plum- 
bob, us from a tripod, in the cord of which a knot has been tied, over a 
convenient spot on a level surface, where the sun will shine on it for 
several hours before and after noon. Or a card or metal plate with a 
hole in it may be suspended in place of the knot. The resulting shadow 
of the knot or image of the sun will trace a flat curve on the level 
surface. From the spot under the plum-bob, dfaw on the level surface 
one or more circles with a radius of a few feet. As the shadow of the 
knot or the image of the sun travels over the surf, note where it inter¬ 
sects the circle or circles. A point midway between the extreme inter¬ 
sections of each circle will be due north of the point under the plum- 
bob at the solstices (about June 21 and Dec 21). At the vernal equinox 
(Mar. 21) the line thus located will then be west, and at the autumnal 
equinox (Sep. 21) east, of the meridian, by less than 2% minutes of 
arc. For intermediate dates the error is nearly proportional to the 
time elapst. 


Table 1 

Approx local times of elongation and culmination of l'olaris in lat 40° 

N, long 90° W from Greenwich, on first of each month 1937. 

P. M. times (from noon until midnight) are printed in bold-face. 

Elongations. (E, eastern; W, western). 1937. 


Jan 1, W 

Feb. 1, W 

Mar 

1, W 

Apr 1, W 

May 1, E 

Jun 

1, E 

12:66 a.m. 

10:60 p.m. 

8:59 

p.m. 

6:57 p.m. 

6:08 a.m. 

3:06 

a.m. 

Jul 1, E 

Aug 1, E 

Sep 

1, E 

Oct 1. E 

Nov 1, W 

Dec 

1. W 

1:09 a.m. 

11:04 p.m. 

9:02 

p.m. 

7:05 p.m. 

4:58 a.m. 

3:00 

a.m. 


Culminations. 

(U, upper; L, lower). 1937. 



Jan 1, U 

Feb 1, L 

Mar 

1, L 

Apr 1, L 

May 1. L 

Jun 

1, L 

8:66 p.m. 

4:66 a.m. 

3:05 

a.m. 

1:03 a.m. 

11:01 p.m. 

9:00 

p.m. 

Jul 1, L 

Aug 1, U 

Sep 

1 , u 

Oct 1, U 

Nov 1, U 

Dec 

1, u 

7:02 p4n. 

6:03 a.m. 

3:02 

a.m. 

1:04 a.m. 

10:59 p.m. 

9:00 

p.m. 


This table serves, with Table 3, for observations of Polaris at elonga¬ 
tion (parag 16); and with Table 2 for any point in its path (parag 19). 

In lat 26°, W elongations occur later and E earlier by 1% mins. 

In lat 50°, W elongations occur earlier and E later by 1 % mins. 

In long 60°, elong'ns and culm'ns occur later by ft minute. 

In long 120°, elong’ns and culm’ns occur earlier by */ 3 minute. 

For other days of the month, deduct 3.94 mins for each succeeding 
day, or add 3.94 mins for each earlier day. 

Each Feb 29 makes each succeeding date occur one day later than it 
otherwise would, for which day 3.94 mins must be deducted. 

■Wherefore, for later years, add 1.6 min each year, and deduct 3.94 
min for each Feb 29, when it occurs. More exactly, for 1941, four years 
later. Including a Feb 29, the correction to add is 2.37 mins; for 1946, 
4.82 mins; for 1949, 7.37 mins, etc. The corrections to be added are aB 
follows, to the nearest minute:— 

Year 1938 ’39 1940 1941 ’42 ’43 1944 1945 ’46 ’47 

Jn-Fb Mr-Dc Jn-Fb Mr-Dc 

Mins 235124673568 

At culmination, where azimuth change is most rapid, a time error 
of 1 min in observing Polaris involves an azimuth error of 0.3’ in lat 
25° to 0.4' in lat 50°. 
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At elonga’n, a time error of 20 10 5 1 mins, 

causes an azimuth error of 16 to 21 4 to 5 1 0.4 secs. 

In all latitudes, each lower culmination follows an upper culmination 
and precedes the next one by 11 hrs 68 mins, mean solar time. Each E 
elongation precedes, and each W elongation follows, the corresponding 
upper culmination by from 5 hrs 57 mins in lat 25° to 5 lirs 54 mins in 
lat 50°. 

Table 3. See parag (11), p 28C. 


POLAR DISTANCES. AND AZIMPTHS AT ELONGATION. 


u 

a! 

Mean 

Polar 

Log Bln 
polar 
dist. 

Azimuth at Elongation, in Latitude 

£ 

Polaris 
Jan. 1 

25° 

30° 

35® 

40° 

45® 

50® 

1936 

or// 

1 2 28 

8.25937 


1 12 8 

1 16 16 

or// 

1 21 33 

1 28 21 

0 # // 

1 37 12 

1938 

1 1 52 

8.25514 

1 8 16 

1 11 26 

1 15 32 

1 20 46 

1 27 30 

1 36 15 

1940 

1 1 16 

8.25088 

1 7 36 

1 10 44 

1 14 47 

1 19 58 

1 26 38 

1 35 19 

1942 

1 0 39 

8.24659 

1 6 56 

1 10 3 

1 14 3 

1 19 11 

1 25 47 

1 34 22 

1944 

10 3 

8.24226 

16 16 

1 9 21 

1 13 19 

1 18 24 

1 24 66 

1 33 26 

1946 

0 59 27 

8.23790 

1 5 36 

1 8 39 

1 12 35 

1 17 37 

1 24 5 

1 32 30 

1948 

0 58 51 

8.23350 

1 4 56 

1 7 5S 

1 11 51 

1 16 50 

1 23 14 

1 31 34 

1950 

0 58 16 

8.22906 

1 4 17 

1 7 16 

1 11 7 

1 16 3 

1 22 23 

1 30 38 

1952 

0 67 40 

8.22459 

1 3 37 

1 6 35 

1 10 24 

1 15 16 

1 21 33 

1 29 43 

1954 

0 57 4 

8.2200S 

1 2 58 

1 6 54 

1 9 40 

1 14 30 

1 20 42 

1 28 47 

1956 

0 56 28 

8.21554 

1 2 19 

1 5 13 

1 8 66 

1 13 43 

1 19 52 

1 27 52 

j Log cos latitude_ 

9.95728 

9.93763 

9.91336 

9.88425 

9.84949 

9.80807 


Owing to variations in the place of Polaris during the year, the 
azimuths given in table 3 above may he in error by as much as half a 
minute in Lat 40°, and more for higher latitudes. 

Corrections:—The azimuths given In the table are correct for April 
and October For January, add 24" in Lat 25°, 30" in Lat 40°, and 36" 
In Lat 50°; for July, subtract the same amounts; obtaining the correc¬ 
tion for any Intervening month by Interpolation. 

Having the north polar distance p of Polaris, and the latitude L of 
the point of observation, the azimuth A of l’olaris, corresponding to any 
Slderial-time hour angle, //, may be found by the following formulas:— 
, „ .. . sin p. sin II 

tan m = tan p. cos II, then tan A =- 77 —-• 

r cos (L + m ) 

Sidereal hour angles = 3G6/355 of the mean-time hour angles of 
Table 2. 

For greater accuracy, instead of Tables 2 or 3, use the above formu¬ 
las, taking the declination of Polaris (complement of its polar dis¬ 
tance) from the American Ephemeris and Nautical Almanac, which 
gives them to a fraction of a second for each day of the year. 

Caution. For greater assurance against error, where great accuracy 
Is desired, It is well to use more than one method and compare the 
results. For example, observe Polaris both E and W of the meridian, 
and a star at equal altitudes south of the zenith. 

Note. —If Polaris be found during twilight, in the morning or eve¬ 
ning, observations of it may be made without artificial illumination of 
the cross-hairs. For times of elongation, see Table 1. 

Conversion of Longitude Arc Into Time, and vice versa. 

Arc Time Time Arc 

1® = 4 minutes 24 hours = 360® 

1'= 4 seconds 1 hour = 16® 

l" = 0.066.. second lminute= 0 ® 15' 

1 second = 0 ® 0'15" 

For relation between time error and corresponding azimuth error, 
for Polaris, see “At culmination" and "At elongation," p. 288. 
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THE ENGINEER'S TRANSIT. 


The details of the transit, like those of the level, arc differently arranged by 
diff makers, and to suit paiticular purposes. Without the long bubble- 
tube F F, Fig 1, under the telescope, and the graduated are g, it is the 
plain transit. With these appendages, or rather with a graduated eiicle in 
place of the arc, it becomes virtually a Complete Theodolite. 

BDt), Fig 2, is the tripod-head. The screw-threads attireceive the screw 
of a wooden tripod-head-cover when the instrument is out of use. S S A is the 
lower parallel plate. After the transit has been set very nearly over the 
center of a stake, the Nhifting-platc, ddcc, enables us, by slightly loosening 
the levelling-screws K,tosnil‘t the upper parts horizontally a trifle, and 
thus bring the pluinb-bob exactly over the center with less trouble than oy the 
older method of pushing one or two of the legs further into the ground, or spread¬ 
ing them more or less. The screws, K, are then tightened, thereby push mg up- 
ward the upper parallel plate mmmxx. and with it the liali-ball 6, thus 
pressing cc tightly up against the under side of S. The plumb-line passes 



to preserve S from being indented. 

To set the upper parts upon the parallel plates. Place the 
lower end of U U in t z, holding the instrument so that the three blocks on m in 
(of which the one shown at F is movable) may enter the three corresponding 
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recesses in a, thus allowing a to bear fully on m, upon which the upper part* 
then rest. (The inner eud of the spring-catch, l, in the meantime enters a groove 
around U, just below a, and prevents the upper parts from falling oil’ if the in* 
strument is now carried over the shoulder.) Revolve the upper parts horizontally 
a trifle, in either direction, until they are stopped by the striking of a small lug 
on a against one of the blocks F. Tito recesses in a are now clear of the blocks. 
Tighten o, thereby pushing inward the movable block F, which clamps the 
bevelled nange a between it and the two fixed blocks on m »/, and coniines the 
spindle U to the fixed parallel plates. It remains so clamped while the instrument 
is Iteing used. 

To remove the upper parts from the parallel plates. Loosen 
7, bring the recesses in a opposite the blocks F. Hold hack l, and lift the upper 
parts, which are then held together by the broad head of the screw inserted into 
the foot of the spindle w. 

TT is the outer revolving: spindle, cast in one with the Nupport* 

in gr-plate Z Z, to w hich is fastened the graduated limb 0 O. The limb 
extends beyond the compass-box, and thus admits of larger graduations than 
would otherwise be obtainable. «; «ns the inner revolving spindle. A* 
its top tt has a broad flange, to whhdi is fastened the vernier plate P. To the 
latter arc fastened the compass-box the two bubble-tubes M M, the standards 
V' V. supporting the tebwo|>e. Ac. Knoll bubble-tube is supported and adjusted 
bv four capstan head nuts, two at each end The bent strip, curving over th< 
tube, piotects the glass tiom accidental blows in swinging the telescope. 

Control of motion* of graduated limb 0 0 and verities 
plate P—The tangcut-si-rew (i and a spiral spring (not shown) opposite to it 
are fixed to the graduated limb ()(), and hold between them a projection y from 
the loose collar /, which is thus confined to the limb and made to travel with it. 
The clamp-ciew H passes through the collar / ami presses against the small lug 
■diown a’ its inner end When H is tightened, this lug is pressed against the 
fixed spindle U l\ to which the graduated limb is thus made fast. A slow mo¬ 
tion nittv. however, still be given to the limb by means ol the tangent-screw ft 
The motion of the \ernier plate Povet the graduated limb O O is similarly 
governed by the tangent-sciew b and its spiral spring (not show ill, fixed to the 
vernier plate P, and the clamp-screw e, which passes through the collar 2 , and 
presses against the small lug shown at its inner end. 

There are two verniers One is shown at p. Fig 1. Roth may be read, and 
their mean taken, when great accuracy is required. Ivory reflectors, c, facilitate 
their reading. Before the instrument is moved from one place to another, the 
eom»R**-neeille,&, Fig 2, should always he pressed up against the glass cover 
of the compass-box by means of the uptight milled-head screw seen on the ver¬ 
nier-plate in Fig 1, just to the right of the nearest standard. The pivot-point is 
thus protected from injury. 

It, Fig 1 , is a ring with a clamp (the latter not shown) for holding the telescope 
in any required position. It is nest to let the eye-end,E, of the telescope revolve 
tlmtmicard, as otherwise the shade on <), if in use, may fall otf. The tangent-screw, 
it moves a vert arm attached to R, and is thus used for slightly changing the 
elevation of the telescope. In the arm is a slit like that seen in the vernier-arm 
/ By means of the screw D, the movable venuer-arm Y may be clamped at 
any desired point on the vertical limb // When 0 ° of the vernier is placed at 
«P on the arc < 7 , and the index of the opposite arm is placed over a small notch 
on the horizontal brace (not seen in our figs) of the standards the two slits will 
be opposite each other, and may be used for laying off offsets, Ac, at right-angles 
to the line of sight. ,, , , .. . . _ 

One end, R, of the telescope axis rests in a movable box under which is a screw 
lb means of the screw, the box may be raised or lowered, and the axis thus ad¬ 
justed for very slight derangements of the standards, for E, x>, U, ana A, see 
fsvel, p 306. a is a dust-guard for the object-slide. _«*•-«—« 

Stadia flair*. Immediately behind the oaiMan-screw.p, Fig 1, is seen a 
smaller one. This and a similar one on the opposite side of the telescope, work 
in a ring inside the telescope, and hold the ring in position. Across the ring are 
stretched two additional horizontal hairs, called stadia hairs, placed at such a 
•iiHtance apart, vertically, that they will subtend say 10 divisions of a graduated rod 
placed 100 ft front the instrument, 16 divisions at 160 ft, Ac. They are thus used tor 
measuring hor and sloping distances. 

The long bubble-tube, F F, Fig 1, enables us to use the transit as a level 
although it Is not so well adanted as the latter to this purpose- 
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To adjust a plain Transit. 


When either a level or a transit is purchased, it is a pood precaution /, mt one 
which the writer lias never seen alluded to) to first screw the object-glass ~iuily home 
to its place; and then make a short continuous scratch upon the ring of the glass, and 
upon its slide; so as to bo able to see at any time when at work, that the glass is 
always in the same position with regard to the slide. For if, after all the adjustments 
are completed, the position of the glass should become changed, (as it is apt to be if 
unscrewed, and attorward not screwed up to tin* saino precise spot,) the adjustments 
may thereby become materially deranged; especially if the object-glass is ecccntin; 
or not truly gionnd, winch is often the case Such scratches should he prepared by 
the maker. In making adjustments, as well as when using a transit or level, lie 
careful that the eye-gla«>s and obpict-glass are so dnfWn out that there shall be n« 
parallax. The eye-glass must flint be drawn out so as to obtain perfect distinctness 
of the cross-hairs; it must not be distuibed attorward; blit tlio object-gluss must 
be moved for different distances. 

First, to ascertain that the bubble-tubes, M M, are placed 

parallel to the vernier-plate, and that the re fore when hot!) hubbies are, in 
the centers of then tubes the axis of the inst is veil Ry means of the iom levelling’ 
screws, K, bring both bubbles to the centers of their tubes in one position of the 
inst; then turn the upper parts of the inst hntf-icag round. If the hubbies do not 
remain in the center, correct half the error by means of t’ie two capstan-nuts 
rr; and the other hall by the levelling-screws K. Repeat the trial until both 
bubbles remain in the center while the.nst is being turned eutuely arouud on 
its spindle. 

Second, to sec that the standards have suffered no derange¬ 
ment : that is, that they are of equal height and perpendicular to the vernier- 
plate, as they always are when tiny leave the maker's hands. Level the inst 
perfectly; then direct the intersection of the hairs to some point of a high object 
(as the top of a steeple) near by; damp the inst by means oi screws H and e, 
and lower the telescope until the interaction strikes some point of a low object. 
(If there is none such diive a stake or chair.-pin, Ac, in the line.) Then un- 
clamp either H or e, and turn the upper parks of the inst half-way round; fix the 
intersection again upon the high point; clamp; lower the telescope to the li>w 
point. If the intersection still strikes the low point, the standards are in order. 
If not, correct one-half of the difference by means of the adjusting-block and 
screw at the end..R, of the telescope axis, Fig. 1, ami repeat the Inal <tc now, 
resetting the stake or i hain-pin at each trial If the m-t 1ms no adjusting-block 
for the axis, it should be returned to the maker for collection ol any derange¬ 
ment of the standards. 

A transit may tie used for running straight line*, even i( the standards become 
slightly bent, by the process described at. the end of the fourth adjustment. 

Third, to see that tlio cross-haim are truly vert and hor 
when the inst is level. When the telescope inverts, the cross-hairs are 
nearer the eye-end than when it shows objects erect. The maker takes care to place 
the cross-hairs at right-angles to eaeli other in their ring, or diaphragm; and gene¬ 
rally he so places the ring in the telescope, that when levelled, they shall he vert 
and hor. Sometimes, however,this is neglected; or the ring may f»y accident be¬ 
come turned a little. To be certain that one hull invert, i in which case the othei 


must, by construction, lie hor,) alter having adjusted the bubble-tubes, level the in* 
strument carefully, and take sight with the telescope at a plumb-line, or other verl 
straight edge. If the vert hair coincides w itii this object, 
Kail) it is, so far, in adjustment; hut il not, then loosen thgldli 

only two adjacent screws oi the four, p p i i, Fig 1; and 
with a knife, key, or other small instrument, tap very 
gently against the screw-heads, so as to turn the ring a 
little in the telescope; persevering until the hair be* 
<J ▼ comes truly vertical. When this is done, tighten the 

V 9 screws. In the absence of a plumb-line, or vert straight 

iMf wise, bight the cross-hair ut a very small distinct 

^ —1— ^ point; and see if the hair still cuts that point, when 
V the telescope is raised or lowered by revolving it on 

Fig. 3. itH axis 

The mode of performing the foregoing will lie readily 
understood from this Fig, which represents a section across the top part of the tele- 
scope, and at the cross-hairs. The hair-ring, or diaphragm, a; vert hair, v; tele* 
•cope tube, g; ring outside of telescope tube, d; b is one of the four capstan-headed 
screws which hold the hair-ring, a, in its place, and also serve to adjust it. The 
lower ends of these screws work in the thickness of the hair-ring; so that when 
they are loosened somewhat, they do not lose their hold on the ring. Small loots 
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washers, c, are placed under the heads h cf the screws. A spuce y y is left around 
each screw where it passes through the telescope tube, to allow the screws and ring 
together to be moved a little sideways when the screws b are slightly loosened. 

Fourth, to see that the vertical hair In in the line of colli* 
niation. Plant the tripod firmly upon the ground, as at a Level the inst; 
clamp it; and direct the vert hair by means of taugent-screw G (tigs 1 and 2) 
upon some convenient object b . or if there is none such, drive a thin stake, or a 
chain-pin. Then revolving the telescope vert on its axis, 
observe some object, as r, where the \eit hair now strikes, ^ a 

or if there is none, place a second pin. I) nclamp the mstru- • • '-«o 

luent by the clamp-screw II; and turn the whole upper • - v mV 

part of it around until the vert hair again strikes b Fig. 4, 

( lamp again; and again revolve the telescope vert on its ” •m 

axis. If the \ert hiir now strikes <■, as it did before, it shows that r is really 
at o; and that b, </, e, me m the some shmij/it hue, and therefore this adjustment 
is in order If not,observe where it does strike, say at m, (tbedist a m being 
tanen equal to u c,) and placo a pin there also Measure m c ; and place a pin 
ut r, in the line m t\ making m v — one-fourth of m c. Also put a pin at o, half¬ 
way between in and <■, or in range with o and b. By means of the two hor 
screws that move the ring carrying the cross-hairs, adjust the vert hair until it 
cuts t> Now repeat the mine operation, ami persevere uutil the telescope, after 
being directed to b, shall st rike the same object o, both times, when revolved on 
its axis See w bother the movement of the ring in this 4th adjustment has dis¬ 
turbed the verticallyol the hair. If it lias, repeat the 2d adjustment Then re- 
pe it the 4tli, it nocessarv, and so on until both adjustments are found to be right 
at the same time Thus a straight line may lie run, even if the hairs are out of 
adjustment; but with somewhat mure trouble For at each station, as at n, two 
back-sights, and two fore-sights, a c and a vi, may lie taken, as when making the 
adjustment. and the point o, half-wa\ between rand hi, will be in the straight line. 
Tlie inst may then be moved to o, and the two back-sights he taken to u ; and so on. 

Am/le\ measund by the transit, whether vert or hor, will evidently not be 
affected by the bans lieing out of adjustment, provided either that the vert 
hair is truly veit, or that we use the intersection of the hairs when measuring. 

The foregoing are all the adjustment** needed, unless the tran¬ 
sit is requireufor levelling, in which case the following one musi be uttended to: 


Fig. 5. ^ 
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To adjust the long hnbblp-ttlbe, F F Fig l, we first place the line 
of sight of the telescope hor, and then make the bubble-tube hor, so that the 
two are parallel I*nve two pegs, « and b Fig •’>, with their to|»s at precisely 
the same 1-vel (see Rem. p. 296) and at least about WO ft apart : .100 or more 
will be better Plant the inst firmly, in range with them, as at c, making b c 
an aliquot part of n b, and as short as will permit focusing on a rod at b. The 
inst need not lie leveled Suppose the line of sight to cut e, and d. Take the 
readings l> e and a <t. Their a iff is h e — ad~n n — a it — d «; and nb : a c :: 
dn:ds ; s being the height of the target at a when the readings (a s, b o) on the 

two stakes are equal. aa = ai/-|-rf.v = arf + -• If the reading on a 

erceeds that on b (as when the line of sight is vfg) thediff of readings is ~a g — 
b / =» a q — a i — g t; and a s -= it g — g s — a g — —* ^igbt to s, bring tht 

bubble to t ho cen of its tube bv means of the t wo small nuts n w at one end of the 
tube, Fig. 1, and assume that the telescope and tube are parallel.* The zeros of 


* To correct for earth curvature ami for atmosferic refraction (see p 153), make 
s k, ft, =* o 00(1000 020 5 X (<* r, ft)*, ami set target at A. (When ac = 1,000 ft, 
»A = 0.0205 ft.) 
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the vert circle, and of its vernier, may now be adjusted, if Miay require it, by 
loosening the vernier screws and then moving the vender until the two coin¬ 
cide. 

Rem. If no level is at hand for levelling the two pegs n and b, it may l)© doue 
by the transit itself, thus. Carefully level the two short bubbles, by means of the 
levelling-screws K. Drive a peg in, from 100 to 300 feet from the instrument o. 
Then placing a target-rod on m, clamp the target tight at whatever height, as <*i>, 
the hor hair happens to cut it; it l>eiiig of no im¬ 
portance whether the telescope is level or not; 
although it might as well be as nearly so as can 
conveniently be guessed at. Clamp the telescope 
in its position by the. clamp-iinn It, Fig. I. Re¬ 
volve the inst a considerable way round; sav 
nearly or quite half way. Place another peg it 
lUprerinety Ote mm? dint from the i lstrument that m Is; and continue to drive it un¬ 
til tile hor hair cuts the target placed on it, and still kept clamped to the rod, at tin* 
same height as w lien it was on m. When this is done, the tops of the two pegs are 
on a level with each othei, and are ready to be used as before directed. 

When a transit is intended to be used for surveying farms, Ac. or for retsacing 
lines of old surveys, it n» very useful to set the compass so as t*> allow tor the “va¬ 
riation" during the interval between the two surveys For this purpose a 
“ variation-vernier ” is added to such transits; and also to the compass 

When the graduations of a transit are figured, or numbered, so as to lead both 
10 0 10 

ways from zero, thus, 1111 111 i 1 i ! 11 1 i 111 1 i m I 11 l the vernier also is made 
double; that is, it also is graduated and numbered from its zero both ways. In 
this case, if the angle is uieasuied from zero toward the right hand, the reading 
must be made from the right hand half of the veintei , and vice veisa. If the 
tigm uig is single, or only in one direction, Irom /.*•!<• to 3fi0°, then only I lie single 
vernier is necessary, as the angles are then measuied only in the direction that 
the figuring counts. Engineers differ in their pieferonces for various inatmets 
of figui lug the graduations. The writer prefers from zero each way to 180°, with 
two double verniers. 

To replace cross>hAirs in a level, or transit. Take out the tula* 
from the. eye end of the telescope. Looking in, notice which side of the cross¬ 
hair diaphragm is turned toward the eye end. Then loosen the four screws w inch 
hold the diaphragm, so as to let the latter fall out of the telescoja* Fasten on new 
hairs with beeswax, varnish, glue, or gum-arabic water, Ac. This requires ear*. 
Then, to return the diaphragm to its place, pi ess firmly into one of the screw-boles 
on the circumf of the diaphragm itself, the end of a piece of stick, long enough to 
reach easily into the tolescoix* as far as'to where the diaphragm belongs By this 
stick, as a handle, insert the diaphragm edgewise to its place in the telescope and hold 
it there until two opposite screws are put in place and screwed. Then draw the stick 
out of the hole in the diaplnagm; and with it turn the diaphrautn until the same 
side presents itself toward the eye end as before; then put in the other two screws. 

The so-called cross hairs are actually spider-web, so fine as to he barely visible to 
the naked eye 

To replace a Mpirit-level. or huhble*glaNN. Detach the level from 
the instrument; druw off its sliding ends; push out. the broken glass vial, and 
the cement which held it; insert the new one, witii the propei side up (thu uppei 
side is always marked with a file by the maker), wrapping some paper around 
its ends, if it tits loosely. Finally, put a little putty, ot melted beeswax over tin- 
ends of the vial, to seeure it against moving m its tube, 

In purchasing instruments; especially when they are to lie used far from a 
maker, it is advisable to provide extras of such parts as may be easily broken oi 
lost; such as glass compass-covers, and needles; adjusting pius; level vials; 
magnifiers, Ac. 

Theodolite adjustments ar* performed like those of the level and transit 

W. That of the cross-hairs; the same as in the level. 

2d. The long hnbhle-tulie of the telescope; also as m the level. 

3d. The two short bubble-tubes; as in the transit. 

4th. The vernier of the ven limb • as in the transit with a vert circle. 

6th. To see that the vert hair travels vertically ; as in the fourth adjustment 
of the transit. In some theodolites, no adjustment is provided for this; but in 
large ones it is provided for by screws under the feet of the standards. 

Sometimes a second teleseope is added ; it is placed below the hor limb, and is 
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wiled a watcher. It has its own clamp, and tangent-screw. Its use is to ascertain 
whether the zero of that limb has moved during the measurement of hor angles. 
When, pteviously to beginning the measurement, the zero and upper telescope are 
directed toward the first ol'ject, |>oint the lower telescope to any small distant 
object, and then clamp it. During the subsequent meusuicment, look through it, 
tram time to tnnn, to be sure that it still strikes that object; thus proving that no 
slipping has occurred. 


THE BOX OE POCKET SEXTANT. 


The portability of the pocket sextant, and the fact that it reads to single minutes, 
wider it at times very useful to the engmeei Hv it, angles can lsi measured while 
m a boat, or on horseback: and in many smiations which preclude the use of a 
transit. It is useful for obtaining latitudes, by aid of an artificial horizon. When 
closed, it resembles a cylindrical brass ls>x, about 3 inches m diameter, and \y % 
Inches deep. Tins box is in two parts- 
by unscrewing which, then inverting 
one part, and then screwing them to¬ 
gether again, the lower part ImcoiueH a 
handle lor holding the instniment. 

Looking down upon its top when thus 
ai ranged, we see, as in tins figure, a 
movable arm I r, called the iutfox, 
which turns on a centei at and car¬ 
ries the vci mer V at its oilier end. (i 
IS is the giaduated arc or limb. It 
actually subtends about 73°, but is di¬ 
vided into aliout 146°. Its zero is at 
one end. Itsgiaduationa are not shown 
hi the Fig 

Attached to the index is a small mov¬ 
able lens, (not shown in the figure,! 
likewise revolving around 0, for read¬ 
ing the fine divisions of the limb. When 
measuring an angle, the index is moved 
l»v turning the milled-head I* of a 
pinion, which woiks in a rack placed within the box. The eye is applied to a cir¬ 
cular hole at the Hide of the box, near A. A small telescope, aliout 3 inches long, 
accompanies the instrument: but may gonerallv be dispensed with When so, the 
e> e-hole at A should be partially closed by a slide which has a very email eve-hole 
in it; and which is moved by the pm A, moving in the curved slot. Another slido, 
st the side of the box, carries a dark glass for covering the e> e-hole when olnerving 
the sun. When the telescope is used, it is fastened on by the nulled-head screw T. 
The top part shown in our figure, can lie separated from the cylindrical part, by 
lemoving 3 or 4 smaH screws around its edge; and the interior can then be exam¬ 
ined, and cleaned it necessary. Like nautical, and other sextants, this one has 
two principal glares, both of them mirrors. One, the imlex-g;lHHH. is attached 
to the underside of the index, at (’; its upper edge being indicated by the 
two dolied lines The oiler, the horizon-* IhnS, (because, when meas¬ 
uring the vert angles of celestial bodies, it is directed toward the horizon,) is also 
within the box; the position ot its upper edge being shown by the dotted lines at 
it. The horizon-glass is silvored only half-way dow n; so that one of the observed 
objects may Is* seen directly through its lower half, while the image of the other 
••bject is seen m the upper half, reflected from the index-glass. That the instrument 
may he in adjustment, ready tor use, these two glasses must be at right angles to the 
plane of the insti liment. that is, to the under side ot the top of the box, to wluch they 
•‘reattached; and miiot also lx> parallol to each other, when the zeros of the verniel 
and of the limb coincide. The index-glass is already permanently fixed by the 
maker, and requires no other adjustment. Hut the horizon-glass lias two adjust¬ 
ments, which are made by a key like that of a watch, and having a milled-head K. 
It is screwed into the top ol the box, so as to he always at hand for uao. When 
needed, it is unscrewed. This key fits upon two small square-heads, (like that fot 
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winding a watch;) one of which is shown at S; while the other is near it, hut on the 
side of the box. These squares are the heads of two small screws. If the 
horizon glass II should, a 1 ' in this sketch, (where it is shown endwise,) not be at 
right angles to tho top l) iJ of the box, it is brought right by turning the square- 
head S of the screw S T; and if, after being so i«r rectified, it still is no) parallel to 
the mdcx-ghe-s when the zeros coincide, it is moved 



a little backward or forward by the square head 
at the side. 

To adjust a box sextant, bring the two 
zeros to coincide precisely; then look thiough the 
eye-hole, and the lower 01 unsiheieil part of the 
horizon-glasH, at somfldistant object. Jf 1 lie instru¬ 
ment is in adjustment,the objec t tints seen directly, 
will coincide ptecisely with its reflected image, 
seen at the same time, at the same spot. Hilt it it 
is not m adjustment, the two will appear separated 
either hor or \eit,or both, thus,* *; in which case 


apply tho key K to the square-head S; and by turning it slightly in who lie\er direc¬ 
tion tnay bo necessary. Ml looking at the object and its mage, bung the two into a hor 

f iosition, or on a level with each other, thus, * *. Then apply the key to the square- 
mad m the side of the box; and by tinning it slightly, bring the two to coiucide 


perfectly The instrument is then adjusted. 

In some instruments, the hor glass has a hinge at r, to allow it play while beiug 
adjusted by the single screw ST; but otheia dispense with this lunge, and use two 
■crews like 8 on top of the box, in addition to the one in the side. 

II a sextant is used loi measuring vert angles by means of an artificial 
horizon, the actual altitude will be but one-half ol that lead ott on the 
limb; because we then read at once both the actual and the reflected angle. Tho 
great objection to the sextant lor eiigineenng pm poses, is tb.it it does not measure 
angles horizontally, as the traumt does; unless when the observe), and the two ob¬ 
jects happen to l»e in the same hor plane. 
Thus an observer with a sextant at A, if 
measuring the angle subtended by the 
mountain-peaks 11 and C, must hold the 
graduated plane of the sextant in the 
plane of ABC; and must actually meas¬ 
ure the angle BAC: whereas what he 
wants is the hor angle wAni. This is 
greater than It A C, because the dints An 
and A m aie slioitei than A B and A C. 
The transit gives the hor angle n A m, be¬ 
cause its graduated plane is first fixed hor by the le\elling-s< lews, and the subse¬ 
quent measurement of the angle is not affected by Ins directing merely the line of 
sight upward, to any extent, in order to fix it upon B and C. Fot moie on this sub¬ 
ject; and fora method of partially obviating this objection to the sextant, see the 
note to Example 2, Case 4, of “ Trigonometty.” 



The nautical sextant, used on ships, is constructed on the same principle 
as the box sextant: and its adjustments are very similar. In it, also, the index- 
glass is permanently fixed by the maker; and the horizon-glass has the two adjust¬ 
ments of the box sextant. It also has its dark glasses for looking at the sun; and 
a small sight-hole, to be used when the telest ope is dispensed w ith. 


THE COMPASS. 


To adjust a Compawt. 

The first adjustment is that of the bubbles. Plant firmly ; and level the 
Instrument, in any position; that is, bring the bubbles to the centers of their tubes. 
Then turn the instrument half-way round If the bubbles then remain at tho cen¬ 
ters, they are m adjustment; but if not, correct one-half the diff in each bubble, 
by means of the adjusting-screws of the tulies. Level the instrument again; turn 
it half round; and if the bubbles still do not remain at the center, the adjusting- 
Screws must be again moved a little, so as to rectify half the remaining diff. Genor 
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ally Hoverul trials must be thus made, until the bubbles will remain at the center 
wlulo the compass is being turned entirely around. 

Second adjustment. Level the compass, and then see that the needle is 
hor; aud if not, make it so by means of the small piece of wire which is wrapped 
around it; sliding tho wire toward the high end. A needle thus horizontally ad¬ 
justed at one place, will uot remain so it removed tar north or south from that place. 
If carried to tin* north, tho north end will dip down; and if to the south, the south 
end will do so. The sliding wile is intended to counteract this. 


Third adjustment. This is always tixed right at first by the maker; that 
is, the sights, or slits tor sighting through, am placed’ at right angles to tho compass 
plate; so that when the latter is levelled by the bubbles, the sights 
are vert To test whether they are so, hang up a plumb-line ; and 
having levelled tho compass, take sight at the line, and see if the \ M 
slits coincide with it. If oue or both slits should prove to be \'\\ 
out ot plumb, as shown to an exaggerated extent in this sketch, \ wA 

it should l«* uiist rewed from the compass, and a portion of its toot \ M 

on the high side tie hied or ground off, as per the dotted line; or \“\ 

as a tempo!ary expedient, a small wedge may be placed under tho \ "*.1 

low side so lis to raise it. 


Fourth adjustment, to straighten the needle, if it should become bent 
The compass being levelled, and tho needle hor, and loose on its pivot, see w bethel 
its two ends continue to point to exactly opposite graduations, (that is, graduations 
180° apart,) while the compass is turned completely around. It it does, the needle 
is straight; and its pin is iu tho center of the graduated circle; but if it does not 
then one. or both of these require adjusting. First level the compass. Then tnrn it 
until some gi admit ion (say ‘*0°) comes pre< iscl) to the north end ot the needle. If 
the south end does not theu point precisely to the opposite 9(1° division, lilt off the 
needle, and bend the pi cot-pomt until it d<*es, reinembeiing that every time said 
point is I>ent, the compass must be turned a liaiinbn-adtb so as to keep thonort/i end 
ot the needle at its 90’’ maik. Then turn tho compass halt-way round, or until tlio 
opposite 90° mark comes precisely to the uoitli end of tho needle. Make a fine pen* 
til mark where the south end ot the ueedlo now points. Then take off the needle, 
and bend it until its south end points half-tea a between its 9b°mark and the pencil 
mark, while its unit It end is kept at 90° by moving tho compass round a hairsbreadth. 
The needle will then be straight, and must not be altered in making the following 
adjustment, although it will not yet cut opposite degrees. 


Fifth adjustment, of the pivot-pin. After being certain that the needle is 
st might, turn the compass around until a part is aimed at where the two ends of the 
needle happen to cut opposite degre«*s Then turn the compass quarter woj/around, 
oi through 91P. ll tin* needle then cuts opposite degrees, the pilot-point is already 
in adjustment, but il the needle does not, so cut, bond the pi rot-point until it does. 
Repeat, il necesMuy, until the needle »uts opposite degiees while liemg turned entirely 

Care and nicety of observation are necessary in making these adjustments projierly; 
because the entire error to lie rectified is, in itself,a minute quantity; and the novice 
is very apt to increase his tumble by uot knowing how to use his magnifier, 
when lookuig.it tlicendol the needle and the cot responding graduations. The mag¬ 
nifier must always he held with its center direct Ip over the point to be examined; and 
it must he held parallel to the graduated circle. Otherwise annoying errors of 
seinral minutes will lie made iu a single observation; and the accumulation of two 
"i iluce such errors, aii-mg from a cause unknown to him, may compel him to 
abandon the adjustments in despair This suggestion applies also to the reading of 
angles taken by the tnuisit, Ac; although the errois are not then likely to be so 
great as in the \ ascot the compass. In purchasing a magnifier tor a compass, see 
that no part of it. as hinges, or rivets, are made of iron; for such would change the 
direction ot tho needle. 

If the sight-slits of a compass are not fixed by the maker in line with the tw« 
opposite zeros, the engineer cannot remedy tho defect. This can bo ascertained by 
passing a piece of fine thread through the slits, and observing whether it stands 
precisely over the zeros. 
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Electricity, either atmospheric, or excited by rubbing the glass cover of 
the compass box, sometimes gives trouble. It may be removed b> touching the 
glaBS with the moist tongue or huger. 

DEMAGNETIZATION. 

The needle, if of soft metal, sometimes loses part of its magnetism, and eonse* 
qucntly does not work well. It may be restored by simply drawing the north 
pole of a common magnet (either straight or horseshoe) about a dozen tunes, from 
the center to the end of the south half of the needle; and the south pole, in the 
same way,along the north half, pressing the magnet gentl> upon the needle. After 
each stroke, remove the magnet several inches from the needle, while bringing it 
back to the center for making unother stroke. Each half of the needle in turn, 
while being thus operated on, should be held flat upon a smooth hard surface. 
Sluggish action of the needle is, however, moie generally produced by the dulling 
or other injurj of the point of the pivot Itemagnctizing will throw the needle 
out of balance, which must be counteracted by the sliding wire 
In order to prevent mistake* by reading; sometimes from one 
end, and sometimes from the other end of the needle, it. is best always to point 
the N of the compass-box toward the object whose bearing is to lie taken; 
and to read off from the north endof the needle. This is also nioie accurate. 


CONTOUR LINES. 


A contour une is a curved hor one, every point in which represents the same 
level; thus each of the contour lines SSe, l* 1 r, 94e, <fcc, Fig 1, indicates that every 
point in the ground through which it is traced is at the same level, and th&t 
that level or height is everywhere N8, 91, or 94 ft above a certain other level or 
height called datum; to which all others are referred. 

Frequently the level of the starting point of a survey is taken as being 0, or 
eero, or datum; and if we are sure of meeting with no |>oints lower than it, this 
answers every purpose. But if there is a probability of many lower points, it is 
better to assume the starting point to 1m- so far above a certain supposed datum, 
that none of these lower points shall become minus quantities, or below said sup¬ 
posed datum or zero. The only object in tlus is to avoid the liability to error 
which arises when some of the levels arc +, or plus; and some —, or minus. 
Hence we may assume the level of the stalling point to be 10, 100, 1000, &c, ft 
above datum, according to circumstances. 

The vert dists between each two contour lines arc supposed to be equal; and 
in railroad surveys through well-known districts, where the engineer know's that 
his actual line of survey will not require to be much changed, the dist may be 1 
or 2 ft only; and the lines need not be laid down for widths greater than 100 or 
200 ft on each side of his center-stakes. But in regions of which the topography 
is comparatively unknown; and where consequently unexpected obstacles may 
occur which require the line to tie materially changed for u considerable dist 
back, the observations should extend to greater widths; and for expedition the 
vertical dists apart may be increased to 3, 6, or even 10 ft, depending on the 
character of the country, <fcc. Also, when a Burvcy ie» made for a topographical 
map of a State, or of a county, vert dists of .0 or 10 ft will generally suffice. 

Let the line A B, Fig 1, starting from 0, represent three stations (S 1, S 2,8 3,) 
of the center line of a inilroad survey; and let the numbers 100, 103, 101, 104, 
along that line denote the heights at the stakes above datum, as determined by 
levelling. Then the use.of the contour lines is to show in the office what would 
be the effect of changing the surveyed center line A B. by moving any part of it 
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.W * Thu “’ if it should be moved 100 ft to the loft, the 


will plainly be on lower ground ““ “ ““ 08 u,r0Kn “ “ 

The held olmcrv,, -one for contour lines arc nom-tinm mule with the spirit-levo!; 

l„»“t™n, , r‘ 1 '"‘'r y ’- V ,“ “'“■ir" 1 "; Wlth a ,tral « ht 1 undiluted rod. and n slope 
Instrument, or eliuometer. U each station he lays In, ,.i up„n the ground ns 



Fifr. 1. 


uoarly at right. angles to the center lino A B as ho cun judge by e>e; and placing 
dm h1ojm> instrument upon it. ho takes tin* angle id tin* slope <»t the ground to the 
nearest ot a degree, lie also ubseiveH how lai beyond the ml the slope continues 
Hie same; and with the rod he uieusuies the diet Then hi>im> down the rod at that 
point also, he takes the next slo)ie, and measures its length; and so oil as far as may 
!** lodged necessary, llw notes are entered in Ins held hook as shown in Fig 2; the 
‘tighw of the slopes being written above the lines, and their lengths below; and 
"1‘ould be accompanied by such remarks as the locality suggests; such as woods 
reeks, marsh, s.iud, field, gaiden, across small run, Ac, Ac. 

* In thus ruing the words right and left we are supposed to have our baoks turned to the tuning 

fdat of the survey. In » river, the right bank or shore is that which 
is *>n the right hand as wo <le*»eeiid it, that is, in speaking of its right or left 
bauJi. we are .unoosed to have our beaks turned towards its heaa. or origin i aoo *o with a rarrqy 


12 
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It 1 b not absolutely necessary to represent the slopes roughly In the field-book, &* 
in Fig 2; for by using the sign •+• to signify “up;” —“down;” and = “level,” 
the slopes may be writ¬ 
ten in a straight line, 
as in Fig 2J4 

The notes' mo ing been 
taken, the preparation 
of the contour lines by 
means of them, is ol 
courso office-work; and 
is usually done at the 
same time as the draw¬ 
ing of the map, Ate. The 
field obsei vat ions at each 
station are then sepa¬ 
rately drawn by protrac¬ 
tor a,nd scale as shown 
tn Fig 3 for the starting 
point 0. The scale should not lie less than about y i inch to a ft, if anything like 
accuracy is aimed at. Suppose that at said station the slopes to the right, taken in 
their order, are. as in Fig 2, 16°, 4°. and 20°; and those to the left, 20°, 10°, and 10°; 
and their lengths as in the same Fig. Draw a lior line ho, Fig ami consider the 
center of it to be the station-stake. From this point as a centoi, lay off these angles 
with a protractor, as shown on the aics in Fig 3. Then beginning say on the right 
hand, with a parallel ruler diaw the first di»t a c, at its piopcr slope of 15°; and of 
its proper length, 4f» ft, hy scale. Then the same w ith r y and y t. l>o the same with 
those on the lelt hand. We then have a ero^-herUon of the gi ouud at Sta O Then 
on the map, as in Fig 1, draw a liue as »t w, or h w , at right angles to the line of road, 
and passing through tb j station-stake. On this line lay down the h»r diMs «</. d s, s v, 
a e, * 9,9 A, marking them with a small star, as is done and lettered in 1' ig 1, at Sta O. 

When extremeaccuiacy is pretended to, these lior dists must he found by measure 
on Fig 3; hut as a gencial rule it will lie neni enough, when the slopes do not ex¬ 
ceed 10°, to assume them to lie the same a*, the sloping dists measuted in the field. 
Next ascertain how high each of the points cyllm is above datum Thus, measuie 
by scale the volt (list dc Supixisc it is found to Is* 5 ft; or in other words, that c 
is 5 ft be.tow station-stake 0. Then since the level at stake O is 100 it above datum, 
that at c must be 5 ft less, or 100 — 5 = Oft ft above datum; which may lie marked in 
light lead-pencil figures on the map, as at d, Fig 1. Next for tin* point y, suppose 
we find sy to be 11 ft, or y to be 11 ft below stake 0; then its height above datum 

must be 100 — 11 = N9: which also wnte in pencil, as at s ..1 in the same 

way with t. Next going to the left hand of the station-stake, we hud el to be say 
2ft; but l is above the le\el of the station-stake, therefore its height above datum is 



100 + 2 a 102 ft, as figured at e on the map. Let ftp bo 6 It; then is n, 100 f 5 
105 ft above datura, as marked at g ; and so on at each station. \\ lieu this has been 
done at several stations, wo may draw in the contour lines of that portion by hand 
thus: Suppose they are to represent vert heights of 3 It. Beginning at Station O 
(of which the height alnive datum is 100 ft) to lay dow r n a contour lino 103 ft above 
datum, wo see at once that the height ot 103 ft must bo at l, or at the dist from t 
to g. Make a light load-pencil dot at 4; and then go to the next Station 1. Here 
we see that the height of 103 ft coincides with the Htation-stake itself; place a dot 
there, and go to Sta 2. The level at this stake is 101; therefore the contour for 10? 
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ft must evidently be 2 ft higher, or at i, % of the dist from Sta 2 to +104; therelOra 
make a dot at t. Then go to Sta 3. Here the level being 104 above datum, the con* 
tour of 103 must be at y, or £ of the dist troni Sta 3 to +00; put a dot at y. Finally 
draw by baud a curving line through t, SI, f, and ?/; and the contour lino of 103 ft 
1 b done. All the. others are prepared in the same way, one by one. The level of each 
must be figured upon it at short intervals along the uiap, as at 103c, 100c, Ac. 

Or, instead ot first placing the + points on the map, to denote the slope dists actu¬ 
ally measured upon the ground, we may at once, and with less trouble, find and show 
those only which represent the points f, SI, i, y, Ac, of the contours themselves. 
Thus, say that at any given station-stake, Fig 4, the level is 104; that the cross-sec¬ 
tion c s of the ground has been pieparod as before; and that we want the hor diets 
trom the stake, to contour hues ior 04, 97,100 It, Ac, .3 It apart vert. 



Draw a vert line •' I, through the station-stake, and on It by scale..mark levels 
•f 91, 97. 100, Ac. ft. This is readily done, inasmuch as we have the U vel 104OI 
til.' stake al read v giren. Through these levels draw the hor lines «• 

to the giound-slupes. Then these lines, measured by the scale, plainly give the 

"wtaf On' 1 ground is very irregular transverecly, the cross^Mtions niust 
taken in the field nearer together II,an 100 ft. 'he prepara Ion of eon our lines 
will he gientlv facilitated l.y the use of paper ruled into small squares of not less 
lli.ni aliout inch to a side, for drawing the crnss-sroliotis upon. 

Whim the around is verv steep, it is usual to shade such portions ot the map 10 
,eprUsVnl hin-sX TheTloser together the eontours some, the steeper of conree 
is the ground hetween them ; and the shading should lie proiwftmnally darker 
at such portions. Hut for inrkinct maps it is best to omit the shading , 

In surveys of wide districis, Ihe transit instrument wi h a graduated vertical 
/tit le or lire, p, p 291, is used for measuring the angles of slo|ic, instead ol 

the common slope-instrument. . ... of contour 

In many cases, notes similar to the following will serve the purpose oi contour 

lines on railroad surveys. 

Sta 60.-3 IK +‘2 lb- 

61 .+ 2-2B- 3 , L - 

62 .= 1. R. + 4- 2 b. 

63 . 



6*7 A^me 'willto welTio add a»ketohof • V haiUvTVy this 

an K let«. u*<t ft of rise nr fall, In Indicate terror \\J t’h«**e small errors wilt balance 

rartliod, Hie result at evrrv sistlnn wilt be Hora ' *' i ieQtW cnrrPOt for all the purpose* of a 

each nther «o nesrlr X*'?* gJF'tfSX Hie “nil Mat" t»r guldlns lb. wor kmen .r. 

rately for payment. 
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AiTROTOH the levels of different makers vary somewhat in their details, still theft 
principal parts will he understood tioui tin- following figure. The telescope T T 
rests upon two supports YY, called Vs. out ol which it can bo lilted, first removing 
the pins a s which confine the semicircular dins c c, and then opening the clips. 
The pins should lie tied to the Ys, by pied's of string, hi prevent their being lost 
The slide of tho object-glass O, is moved backward or lorward by a rack ami pinion, 
by meaus of the milled head A. The slide of the eye-gloss E, is moved in the saiiw 
way by the milled head e. A cylindrical tube ot'brass, called a shade, is usually 
furnished with each level. It is intended to he slid on to the ohjeet-end 0 of the 
telescope, to prevent the glare of tho sun upon the object-glass, when the sun is 
low. At B is an outer ring encirclmg the telescope, and carrying t small capstan- 
headed screws; two of which, up, are at top and bottom; while the other two, 
of which i is one, are at the sides, and at right angles to p j>. Inside of this outer 
ring is another, inside of tiie telescope, and which has stretched across it two 
Bpider-webs, usually called the auiss-iiAiRs. These are much finer than they ap¬ 
pear to be, lieing considerably magnified. They are at right angles to each other; 
find, in levelling, one is kept vert, and the other hor. They arc liahlo at times to be 



thrown out of this position by a partial revolution of tho telescope, when carrying 
the level, or when setting the tripod down suddenly upon the ground; but since, in 
levelling, the intersection of tho hairs is duet ted to tho target-rod, this derangement 
does not affect the accuracy of the work Still it is well to keep them nearly vert 
and hor, by keeping tho bubble-tube 1) D as nearly directly over tho bar V F as can 
be judged by eye. This enables the leveller to see that the rod-man holds his rod 
nearly vert, which is absolutely essential for correct levelling. It perfect vertically 
w desired, as is sometimes the case, when staking out work, it may bo obtained (if 
the instrument is in perfect adjustment , and levelled) by sighting at a plumb-line, or 
other vert object, anil then turning the telescope a little in its Yh.ho as to bring the 
kair to correspond. Y\ hen this is done, a short continuous scratch may be made on 
the telescope and Y, to save that trouble in future. 

The small holes around the heads ot the 4 small vapvtaii-scre ws p, i, just referred tob 
are for admitting the end of a small steel pin, or lever, for turning them. If first 
the upper screw p be loosened and then the lower one tightened, the interior ring 
will be lowered, and the horizontal hair with it. But on looking through tho tel* 
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scope they will appear to be raised. If first the lower one be loosened, and the upper 
one tightened, the hor hair will be actually raised, but apparently lowered. This is 
because the glasses in the eye-piece E reverse the apparent position of objects insidt 
cf the telescope; which effect is obviated, aB regards exterior objects, by means of 
the object-glass 0. This must lie remembered when adjusting the cross-hairs; for if a 
hair appears to strike too high, it must be raised still higher; if it appears to be 
already too far to the right or left, it must be actually moved still more iu the same 
inection. 

This remark, however, does not apply to telescopes which make objects appear 
inverted. 

There is no danger of injuring the hairs by these motions, inasmuch as the four 
screws act against the ring only, and do not come in contact with the hairs them¬ 
selves 

Under the telescope is the buubi.k-tubk I> T> One end of tins tube can be raised or 
loweiod slightly by means of the two capstan-headed nuts mi, one of whhh must 
he loosened before the other is tightened. On top of the bubble-tube are scratches 
for showing when the bubble Is central in the tube. Preqnently these scratches, or 
marks, are made on a stiip of blast, placed above the tube, as in mu fig There are 
several of them, to allow lot the lengthening or shortening of the bubble by changes 
of tehipenituie. At theolliei end oi the hulible-tills* are two small cupstah-screws, 
placed on opposite hides hoii/.ontally The cnriil.ir head oi one of them is shown 
near t. by m< .ms of these two screws, that end oi the tube can be slightly moved 
hor, or to right or left Undci the bubble-tube is the war V F; at one end of which, 
as at V,are two large capstan-mils w w, which operate upon a stout interior screw 
which forms a prolongation of the Y. The holes in tlieso nuts are laiger than the 
otlieis, as they mjuire a larger lever for turning them. If the lower nut ib loosened 
and the upper one tightened, the Y above is raised; and that end ol the telescope 
homines faither removed from the bar; and vice versa. Some making place a similar 
si lew and lints under both Ys; while otlieis dispense with the nuts entirely, and 
suli-titutu beneath «me end oi the bar a huge circular milled head, to he turned by 
the fiiigeis This, however, is exposed to accidental alteration, which should bo 
avoided. 

When the portions above m are put upon m, and fastened by the screw Y, all 
the upper part, may be swung round hor, in either direction, by loosening the 
clamp-screw II; or such motion may be prevented by tightening that screw. 
It frequently happens, after the telescope has been sighted very nearly upon an 
object, and then clamped by H, that we wish to bring the cross-hairs to coincide 
more precisely with the object than we can readily do bv turning the telescoped!/ 
hand; and in this case we use the tniitreut-serew b, by means ol which a 
slight but steady motion may be given after the instrument is clamped. For 
fuller remarks oil the clamp and tangent-screws, see “Transit.” 

The parallel plates ?.» and Sare operated by four levelling-screws; 
three of which are seen in the figure, at K K. The screws work in sockets R; 
which, as well as the screws, extend above the upper plate. When the instrument 
is placed on the ground for levelling, it is well to set It so that the lower parallel 
plate S shall he ns nearly horizontal as can be roughly judged by eye; in order 
to avoid much turning of the levelling screws K K in making the upper plate 
in hor. The lower plate S, and the brass parts below it, are together called the 
tripod-head; and. in connection with three wooden legs Q Q Q, constitute 
the tripod. In the figure are seen the heads of wing-uuts .1 winch confine the 
legs to tnc tripod-head. Under the center of the tripod-head should always be 
placed a small nng, from which a plumb-hob may be suspended. This is not 
needed in ordinary levelling, but becomes useful when ranging center-stakes, Ac. 
To adjust a Level. 

This is a quite simple operation, hut requires ft little pat icm e. Be careful to avoid 
straining any of the screws. The large V nuts wto sometimes leqmre some force to 
start them; but it should lie applied by pressure, and not by blows. Before begin¬ 
ning to adjust, attend to theobject-gift.-**, as directed in the first sentence under “To 
adjust a plain transit.” 

Three adjustments are necessary; and must be made in the following order: 

First, that of the cross-hairs; to secure that their intersection shall 
continue to strike the same point of a distant object, while the telescope is being 
turned round a complete revolution in itB Ys. This is called adjusting the line 
of colllmntioin, or sometimes, the line of sight; but it is not strictly the line 
of Bight until all the adjustments are finished; for until then, the line of collimation 
will not serve tor taking levelling sights. If eross-halrs break, see n 296. 

Second, that of the bubble-tube D D, to phu it parallel to the ’ine 
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•f eollimatlon. previously aityusted • so that when the bubble Maud* at the centre ol 
Its tube, indicating that it is level, we know that our sight through the telescope la 
faor. To replace broken bubble tube. Hce p 2% 

Third, that of the Ys, by which the telescope and bubble-tube are supported; 
so that tbo bubble-tube, and line of sight, shall be perp to the vert axis of the instru¬ 
ment; so iis to remain hor while the telescope is pointed to objects in did directions, 
as when taking back aud fore Bights. 

To make the tirst adjustment, or that of the mms-luurs, plant the 
ti 'pod firmly u,mu the ground. In this adjustment it is not neiess.uv to level the 
instrument. Open the clips of tl... Ys; umlaiup; draw out the eye-glass E. until 
the cross-hairs are seen pcrjf.iiy char; sight the telescope toward some eleai dis¬ 
tant point of an object; or still better, tow mil some .straight line, whether veit or 
•vit. Move,the object-glass 0, by ltieunsnl the milled head A,so that the o'-jei t shall 
oe clearly seen, without, parallax, that is. without nnv iippmnt darning 
about of the cioss-hairs, it the eye th moved a little up or down or sideways To 
secutt this, the object-glass alone is moved to suit different distances; the eye-guns 
in uot to bo changed after it isonco properly tixoil upon the cross-hans. The neglect 
of parallax, is a source of frequent errors iu levelling. Clamp; aud, by means of the 
tangent-screw b , bring either one ot the cross-hairs to coincide mcctxrlv with tlio 
object. Then gently, and without jarring, revolve the telescope hall-waj round in 
its Ys. When thisisdoue, if the hair still -oincules precisely with the object, it is 
in adjustment; and wc proceed to tiy the other hair. Rut if it does not coincide, 
then by means of the 4 screws p, i, move the nug which earues the hairs, so as to 
rectify, as nearly as can be judged by eye, only one-half of the error; remembering 
that the ring must be moved in the direction opposite to what ajrpears to l»e the 
right one: unless the telescope is an inverting one. Then turn the telescope hack 
again to its former position; and again by the tangent-screw bring the cross-linn to 
coiucide with the dbjcct. Then again turn the telescope lmlf-way round as before. 
The hair will now ho loutid to he more nearly in its right place, hut, in all probabil¬ 
ity, not precisely so, iiiasmm h as it is difficult to estimate one-half the error in cn* 
rately liy eye. Therefore a little more alteration of the ring must he made; and it 
may be necessary to repeat the operation seveial times, In-fore the adjustment is 
perfect. Afterward treat the other hair in precisely the same manner. W hen both 
are adjusted, their inteisection will strike the same precise spot while the telescope 
is being turned etiUrrly round in its Ys. This must Is* tried before the adjustment 
can be pronounced perfect; becauso at times the adjustment of the second hair 
slightly deranges that of the first one; esjierially if both were much out iu the lie 
ginning. 

To make the second adjustment, or to place the bubble-tube parallel 
to the line of collimation. This consists of two dis¬ 
tinct adjustments, one vert, and one hor The first 
of these is effected by means of the two nuts u n on 
the vert screw at one end of the tube; and t lie second 
by the two hor screws at the othei end, t, ot the tube. 

Looking at the bubble-tube endwise, from l hi the 
foregoing Fig, its two hor adjusting-soi ews It aie 
seeu as iu this sketch. The largest cap>luii-headed 
nut below, has nothing to do with the adjustments; 
it merely holds the end of the tube in H» place. 

To make the vertadjusimentof the bubble-tul>e, l»y mean- of the two nuts mi. Place 
the telescope over a diagonal pail ot the levelling-* tews h K, and clamp it then*. 
Open the clips of the Ys; and by means ol the level I mg-st jews hung the bubble to 
the center of its tube. Lilt the telescope gently out ol the Ys, tin u ii end |oi end. and 
put it back again in its revet nod position. This being done, il the bubble still remains 
at the center of its tube, this adjustment is in order; but it it moves toward one end, 
that eud ib too high, and must be lowered; or else the other end must be raised 
First, correct half the error by moans of the levelling-screw h K K, and then the re¬ 
maining Jialf by means of the two small capstan-headed nuts a n. To raw the end 
u, first loosen the up|**r nut and then tighten the lower one, to do which, turn each 
nut so that the ne«r side moves towaul your rnjht To lowm it, hist loosen the lowei 
nut, then tighten the upper one, moving the war side ol ua< h nut tow aid your left 
Having thus brought the bubble to the middle again, again lilt the tele* ope out of 
its Ys; turn it end for end, and leplaco it The bubble will now settle nearer th« 
ceuter than it did before, hut will probably mpuro still further adjustment. If so, 
correct half the remaining error by the levelling-screws, and half by the nuts, as be¬ 
fore; and so continue to refloat the operation until the bubble remains at the cental 
In both positions. For another method, see “ To adjust the long bubble-tube,” p 295. 

Horiaontal adjustment of bubble tulie; to soe that its axis is in the same plane 
With that of the telescope, as it usually is iu new instruments, It is uot easily do 




THE LEVEL. 


30 $ 


rangod, except by blows. Have the bubble-tube, as nearly as may be, directly undei 
the telescope, or over the center of the bar V F. Bung the telescope over two of the 
levolling-BorewB t£ K; clamp it there; center the bubble with said screws; turn the 
telescope in its Ys, say about Y x inch, bringing the bubble-tube out from over the 
center of the bar, first on one side, then on the other. If the bubble stays centered 
while so swung out, thiB adjustment is correct. II it runs toward opposite ends of its 
tube when swung out on opposite sides of the center, move the end t of the tube by 
the two horizontal screws ti until the bubble stays centered when the tube is swung 
out on either side. If the bubble runs toward the same end of its tube ou both sides, 
the tube is not truly cylindrical, but slightly conical,* so that if the telescope is 
turned in its Ys the bubble will leave the center, even when the houzo trial adjust¬ 
ment is correi t. It is know n to lie correct, in such tubes, if the bubble ruus the mine 
distance from the center when swung out t lie same distance on each side 

Having made the horizontal adjustment, turn the telescope back in its Ys until the 
bubble-tube is him the bar. Repeat the vertical adjustment (p 308), which may have 
become deranged in making this hoi mental one. Persevere until both adjustments 
are found to he conect at the same time. 

To niitkc tin* third adjustment, or to adjust the heights of the Ys, bo 
as to make the line or collimatioii piiiulM to the bar V F, or pelp to the vert axis 
ot the msti uineiit The other adjustment* lining made, fasten down the dips of the 
Ys. Make the instrument nearly lend by means of all four ol the level ling-screws 
K Place the telescope ovet two ol the levelling-screws which stund diagonally, 
and leave it there undamped. Then bring the bubble to the center of its tube, by 
tile two levelling-screws. Swing the uppe'i part ol the instrument half-wav around, 
so that the telescope shall agaii stand over the same two sciews; but end for end. 
This done, It the bubble leaves the center, bring it half-may b.ick by the large cap¬ 
stan nuts w, io ; and the other half by the two leielling-screws. Remember that to 
raise the Y, and the end of the bubble over w, to, the lower w must be loosened; and 
the upper one tightened; and vice veisa. Now place the telescope mer the other 
diagonal pair ot lei el ling-screws; and repeat the w'hole operation with them Hav¬ 
ing completed it, again try with the first pair; and so keep on until the bubble re¬ 
mains at the center of its tube, in every position of the telescope. 

Correct levelling may be peribinied even if all the foregoing adjustments are 
out ot order; provided each fore-sight he taken at precixdy the same distance from 
die instrument as the. back-sight is. But a good leveller will keep his instrument al ways 
in adjustment; and will test the adjustments ut least once a day when at work. As 
much, how ever, depends upon the rodman. oi target-man, as upon the leieller. A rod- 
man who is eaieless about holding the rod vert, or about reading the sights correctly 
diould be discharged without mercy. 

Hie levellmg-ecrews hi many instruments become very hard to turn if dirty. Clean 
mth water and a toolli-biush. Use no oil on field instruments. 

Forms for level note-books. When the distance is short, so as not to 
require two sets ot Isioks, the following is perhaps as good as any. 

| Stoiton. IS |»S[k| “ ff - | t-vel. | Or^ta. | Cut ) Fill. | 

But on public works generally the original field-hooks have only the first five cols 
After the grades have been determined by means ol the pi "file drawn from these, 
riii' results ar« placed in another lawk, which has only the lit stool and the last four. 

1 n both cases, tin* right-hand page is reserved lor memoranda. The writer considers 
it best, both with the level and with the transit, to consider the term “ Station ” to 
tpply to the whole dist between two consecutive stakes; and that its number shall 
be that written on the last stake. Tims, with the transit, Station 15 means the dist 
Irotn stake fi to slake ti; that it has a hearing or course ot so and so; and its length 

so and so. And with the level, Station <1 also means the diet from Make 5 to stake 
t>; the hack-sight for that dist lietiig fakm at stake ft, and the fore-sight on stake 
b; and that the level, grade, cut, oi fill is that at stak" (*. The starting-point of the 
survey, whether a stake, or any thing el3e, we call and mark simply 0. 


* This defect ran l»e remedied only by removing the tube and inserting a eorrectly- 
shaped one, and this is best done by an instrument-maker; but correct work can 
bo done in spite ot it, thus: Make all the adjustments as nearly correct as possible. 
Level tho instillment. By turning the telescope in its Ys, make the vertical hair 
coincide with a plumb-line or other vertical lino, and make a short continuous knife- 
scratch ou the collar nearest the object-gluss, and on the adjoining Y. Lift the tele¬ 
scope out of its Ys, turn it end for end, leplace it in its Ys; again bring the upright 
hair vertical, and make on the other Y a scratch coinciding with that on the collar. 
Then, in levelling or in adjusting, always see that the scratch ou the collar coincide* 
witn that ou the adjoining Y when the bubble-tube is uuder the telescope. 
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Tms very us fill little instrument. ns arranged l»v Professor Locke, of Cincinnati, ib 
but about five orsix iriches limp; Simpiv holding it in one baud, and looking through 
It in anv direction, we can ascert tin at oik • , appi oxihiatelv. what objects are at the 
same level with the eve E i* the eve end' and 0 the object end. L is a small 
level. eno.loe“rt in a kind of brass boxing / n. the Nittom of winch is open with a cor¬ 
responding opening under it. throngh the top of the main tula- K 0 Tmincdiatoly 
at the Nittom of the small level L. i- a cto«>-wire. stretched acioss said opening.and 
carried bv a small plate, which, for ndiusting the wire, can he pushed backward a 
trifle bv tightening the screw f. or pii-hed forward bva small spring v. ill m the box¬ 
ing, near 7. when the s< rew / is loosened At «< is a small semiciicnlar mirroi a a, 
silvered on the Nick w This is placed at an angle of 4. r »°. and on npics one-half the 
wddth of the tube E 0 Through the fomnentioned openings, the images of the 
cross-win* and of the level bubble are r< fleeted down on the unsihcn d face a a of 
the mirror, and thence to the eye, as shown l»y the single dotted lim s c and w: and 
when the instrument is miniated and held level, the wire will appear t" be at the 
confer of the luiltblc At If is one half of a plano-convex lens, af the mnei end of a 
short tube h p. which mav lw moved backward or lorwaid by a pm v, project mg 
tlirough a -horf ?.lit m tie 1 mam tube Bv tins means flic image of the eross-wne is 
rendered distim t. and the half lens must lie moved until, when viewing an object, 
the wire shall show no parallax; but appear steady against the object when the oyo 
la slightly moved up or down. At each end of the tube K 0 is a circular piece of 
plain glass lor excluding du»t 

To it«l|u*tl file lmml-loyol. first fix two precisely level murks, say from 
AO feet to lot) yards apart This being done, ii*nt the lustiumcut against one of tho 
level marks, and tAke siglit at the other. If, then, the wire docs not appear to Ik* 
precisely at the centor of the bubble, move it slightly backward or fotwaid, as the 
case may be, by the screw t , until it does so appear. 

The two level marks may he fixed by means of tho 

hand-level itself, even if it is eutireij out oi adjust- _ 

ment, thus. hist, by flic pm w airange tin* hall lens —. . m 

so as to show the win* distinctly and without patal- 0 * *—— — g 

lax. Then holding tin* level steadily, at any selected 
object, as a, so that, the wire appears to cut tile center 

of the bubble, see where it cuts any other convenient object, as b Then go to 5 
and from it, in like manner, sight back towaid u. if the instrument is in adjust¬ 
ment, the wire will cut a; but if not, it will strike either above it or below it, as at c 
In either case, make a mark m, half-way between c and a. Then b and m will bn tin* 
two level marks required With care, these adjustments, when once made, will 
remain in order lor years. The instrument generally has a small ring r, for hanging 
it around the neck: it is not adapted to v«ry accurate work, but admirably so lor 
exploring a route. The height of a bale hill can be louud by beginning at the foot, 
and sighting ahead at any little chance object which the cioss-vvne may strike, as a 
pobble. twig. Ac; then going torwaid, stand at that objoot, and fix the wire on 
another one still farther on, and so to the top At each observation wo plainly rise 
a height equal to that of the eye, say feet, or whatever it may bo. Whether 
going up or down it, if the hill is covered with grass, bushes, Ac a target rod must 
be used for the fore-sights; and the constant height of the eye may be regarded as 
the back-sight at eai h station. An attachment may bo made for screwing tho level 
to a small ball and socket on top of a cam*, or of a longer stick, for occasional use, 
when rather more accuracy is desired. 
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rangod, except by blows. Have the bubble-tube, as nearly as may be, directly undei 
the telescope, or over the center of the bar V F. Bung the telescope over two of the 
levolling-BorewB t£ K; clamp it there; center the bubble with said screws; turn the 
telescope in its Ys, say about Y x inch, bringing the bubble-tube out from over the 
center of the bar, first on one side, then on the other. If the bubble stays centered 
while so swung out, thiB adjustment is correct. II it runs toward opposite ends of its 
tube when swung out on opposite sides of the center, move the end t of the tube by 
the two horizontal screws ti until the bubble stays centered when the tube is swung 
out on either side. If the bubble runs toward the same end of its tube ou both sides, 
the tube is not truly cylindrical, but slightly conical,* so that if the telescope is 
turned in its Ys the bubble will leave the center, even when the houzo trial adjust¬ 
ment is correi t. It is know n to lie correct, in such tubes, if the bubble ruus the mine 
distance from the center when swung out t lie same distance on each side 

Having made the horizontal adjustment, turn the telescope back in its Ys until the 
bubble-tube is him the bar. Repeat the vertical adjustment (p 308), which may have 
become deranged in making this hoi mental one. Persevere until both adjustments 
are found to he conect at the same time. 

To niitkc tin* third adjustment, or to adjust the heights of the Ys, bo 
as to make the line or collimatioii piiiulM to the bar V F, or pelp to the vert axis 
ot the msti uineiit The other adjustment* lining made, fasten down the dips of the 
Ys. Make the instrument nearly lend by means of all four ol the level ling-screws 
K Place the telescope ovet two ol the levelling-screws which stund diagonally, 
and leave it there undamped. Then bring the bubble to the center of its tube, by 
tile two levelling-screws. Swing the uppe'i part ol the instrument half-wav around, 
so that the telescope shall agaii stand over the same two sciews; but end for end. 
This done, It the bubble leaves the center, bring it half-may b.ick by the large cap¬ 
stan nuts w, io ; and the other half by the two leielling-screws. Remember that to 
raise the Y, and the end of the bubble over w, to, the lower w must be loosened; and 
the upper one tightened; and vice veisa. Now place the telescope mer the other 
diagonal pair ot lei el ling-screws; and repeat the w'hole operation with them Hav¬ 
ing completed it, again try with the first pair; and so keep on until the bubble re¬ 
mains at the center of its tube, in every position of the telescope. 

Correct levelling may be peribinied even if all the foregoing adjustments are 
out ot order; provided each fore-sight he taken at precixdy the same distance from 
die instrument as the. back-sight is. But a good leveller will keep his instrument al ways 
in adjustment; and will test the adjustments ut least once a day when at work. As 
much, how ever, depends upon the rodman. oi target-man, as upon the leieller. A rod- 
man who is eaieless about holding the rod vert, or about reading the sights correctly 
diould be discharged without mercy. 

Hie levellmg-ecrews hi many instruments become very hard to turn if dirty. Clean 
mth water and a toolli-biush. Use no oil on field instruments. 

Forms for level note-books. When the distance is short, so as not to 
require two sets ot Isioks, the following is perhaps as good as any. 

| Stoiton. IS |»S[k| “ ff - | t-vel. | Or^ta. | Cut ) Fill. | 

But on public works generally the original field-hooks have only the first five cols 
After the grades have been determined by means ol the pi "file drawn from these, 
riii' results ar« placed in another lawk, which has only the lit stool and the last four. 

1 n both cases, tin* right-hand page is reserved lor memoranda. The writer considers 
it best, both with the level and with the transit, to consider the term “ Station ” to 
tpply to the whole dist between two consecutive stakes; and that its number shall 
be that written on the last stake. Tims, with the transit, Station 15 means the dist 
Irotn stake fi to slake ti; that it has a hearing or course ot so and so; and its length 

so and so. And with the level, Station <1 also means the diet from Make 5 to stake 
t>; the hack-sight for that dist lietiig fakm at stake ft, and the fore-sight on stake 
b; and that the level, grade, cut, oi fill is that at stak" (*. The starting-point of the 
survey, whether a stake, or any thing el3e, we call and mark simply 0. 


* This defect ran l»e remedied only by removing the tube and inserting a eorrectly- 
shaped one, and this is best done by an instrument-maker; but correct work can 
bo done in spite ot it, thus: Make all the adjustments as nearly correct as possible. 
Level tho instillment. By turning the telescope in its Ys, make the vertical hair 
coincide with a plumb-line or other vertical lino, and make a short continuous knife- 
scratch ou the collar nearest the object-gluss, and on the adjoining Y. Lift the tele¬ 
scope out of its Ys, turn it end for end, leplace it in its Ys; again bring the upright 
hair vertical, and make on the other Y a scratch coinciding with that on the collar. 
Then, in levelling or in adjusting, always see that the scratch ou the collar coincide* 
witn that ou the adjoining Y when the bubble-tube is uuder the telescope. 
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LEVELLING BY TIIE BAROMETER. 

1. Many circumstances combine to render the results of this kind of levelling un¬ 
reliable where great accuracy is required. Tins fact was most conclusively proved 
by the observations made by Captain T. J. Cram, of the U. S. Coast Survey. See 
Report of U. S. C. S., vol. for 1854 It is difficult to read off from an aneroid (the 
kind of barom generally employed for engineering purposes) to within from two to 
five or six ft, depending on its'size The moisture or dryness of the air affects the 
results; also winds, the vicinity of mountains, and the daily atmospheric tides, 
winch cause incessant and irregular fluctuations in the barom. A barom hanging 
quietly in a loom will ofteu vary -Jq of an inch within * few hours, cm responding 
to a diff of elevation of nearly 100 ft No formula can possibly be devised that shall 
embrace these sources of error. The variations dependent upon temperature, lati¬ 
tude, 4c, are in some measure provided for; so that with very delicate instruments, a 
skilful observer may measure the diff of altitude of two points close together, such 
as the bottom and top of a steeple, with a tolerable confidence that lie is within two 
or three feet of the truth. But if as short an interval as even a few hours elapses 
between his two observation®,such changes may occur m the condition of the atmo¬ 
sphere that he may make the top of the steeple to be lower than its bottom; or at 
least, cannot feel by any means certain that he is not ten or twenty ft in error; and 
this may occur without any perceptible change m the atmosphere Whenever prac¬ 
ticable, therefore, there should be a person at each station, to nbsei vo at liotli points 
at the same time. Single observation- at points many miles apart and made on dif¬ 
ferent days, and in different state* ol the atmosphere, are of little value In such 
cases the mean of many observations, extending over several day*, weeks, or months, 
and made when the air is apparently undisturbed, will give tolerable approximations 
to the truth. Iu the tropics the lunge ol the atmospheric pres is much less than 
in other regions, seldom exceeding % inch at any one spot, also more regular in 
time, and, therefore, less productive of error. Still, the barometer, especially either 
the aneroid, or Bourdon's metallic, may be remlen d highly useful to the civil engi¬ 
neer, m cases where great accuracy is not demanded. By hun j mg horn point to 
point, and especially by repeating, he can form a judgment as to which of two sum¬ 
mits is the lowest Or a careful observer, keeping some miles ahead of a sin veying 
party, may materially lessen their labors, especially in a rough country, bv select¬ 
ing the general route for them iu advance. The accounts of the agreement within 
a few inches, in the measurements of high mountains, by difl observers, at diff 
periods ; and those of ascertaining accurately the grades ot a railroad, by means of 
an aneroid, while riding in a car, will he believed by those only who are ignorant 
of the subject. Such results can happen only by chance. 

When possible, the observations at different places should be taken at the same 
rime of day, as some check upon the effects of the daily atmospheric tides; and in 
very important cases, a memorandum should bo made of the year, month, day, and 
hour, as well as of the stato of the weather, direction of the wind, latitude of the 
place, 4c, to be referred to an expert, if necessary. 

The effects of latitude are not included in any of our formulas. When 
reqd they may be found in the table page 814. Several other corrections must be 
made when great accuracy is aimed at; but they require extensive tables. 

In rapid railroad exploring, however, such refinements may be neglected, inas¬ 
much as no approach to such accuracy is to be expected; but on the contrary, errors 
01 from 1 to 10 or more feet in 100 of height, will frequently occur. 

An a very rough average we may assume that the barometer falls ^ 
inch for every 90 feet that we ascend above tbe level of the sea, up to 1000 ft. But 
in fact its rate of fall decreases continually as we rise; so that at one mile high it 
fells inch for about 106 ft rise. Table 2 shows the true rate. 
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To ascertain the diff of height bet ween two points. 

Rule 1. Take readings of the barom and therm (Fab) in the shade at both 
stations. Add together the two readings of the barom, and div their sum by 2, for 
their mean; which call b. Do the same with the two readings of the thermom, and 
call the mean t. Subtract the least reading of the barom from the greatest; and call 
the diff d. Then mult together this dift d; the number from the next Table No. 1, 
opposite t; and the constant number 30. Dtv the prod by b. Or 


Height __ Diff (d) of .. Tabular number opposite w 
in toot — bar om mean (Q of thmnmm * 

moan (b) ot barom 


Constant 30. 


Kx\mplk. Reading of the barom at lower station, 26.64 ins ; and nt the upper 
eta 20.82 ins. Tlicrniom at lowest sta, 70°; at upper sta, 40°. What is the diff in 
hoight of the two stations? Hero, 

Barom, 26.64 Therm, 70° 

“ 20.82 “ 40° * 

- Also, - 

2)47.46 2)110 


23.73 mean of bar, or b. 55° menu of 

therm, or t. 


The tabular number opi>osito 55°, is 917.2. 

Bar. Bar. 

Again, 26.64 — 20.82 = 5.82, diff of bar; or d. Hence, 


d, Tab No. Con. 

Height _ 5.82X917.2X30 _ W0T43/12 __ 6U8 5 ft . aD(jwer . 
in feet 23.73 (or b) 23.73 

Then correct for latitude, if more accuracy is mpl, by rule on next pago. 

The screw at the hack of an aneroid is for adjusting the index by a stand¬ 
ard barom. After this lias been done it must by no means be tw-ddb-d with. In 
some instruments specially made to order with that intention, this screw may be 
used also tor turning the index back, after having risen to an elevation so great that 
the index has reached the extreme limit of tho graduated arc. After thus turning 
it back, tho indications of the index at greater hoights must be added to that at¬ 
tained when it was turned back. 


TABLE 1. For Rule 1. 


Meau 

of 

Ther 

No. 

Meau 

of 

Ther. 

No. 

Mean 

or 

Ther. 

No. 

Mean 

or 

Ther. 

No. 

0° 

801.1 

30° 

H64.4 

C0° 

927 7 

90° 

991.0 

1 

803.2 

31 

866.5 

61 

929.8 

91 

993.1 

2 

805.3 

32 

868.6 

62 

931.9 

92 

995.2 

3 

807 4 

33 

870 7 

63 

934 0 

93 

997.3 

4 

800 5 

34 

872 8 

61 

9.16 I 

94 

999.4 

6 

811.7 

35 

874 9 

65 

93b 2 

95 

1001.6 

6 


36 

877 0 

66 

ill 0.3 

96 

1003.7 

7 

815 9 

37 

879 2 

67 

942 4 

97 

1005 8 


818 0 

38 

881 3 

68 

*144 5 

98 

1007.9 


820 1 

39 

88,1.4 

69 

946 7 


1010.0 


822.2 

40 

885.4 

70 

948 8 

IT5S 

1012.1 


824 3 

41 

887 5 

71 

1)50.9 

■pTH 



821! 4 


H89 6 

72 

953 0 





43 

891.7 

73 

955 1 


1018.4 


850 6 

44 

893.8 

74 

957.2 

104 

1020.5 



45 

896.0 

75 

959.3 

105 




46 

898.1 

76 

961.4 

106 





900.2 

77 

963.5 

107 




48 

902.3 

78 

965.6 

108 

1029.0 



49 

904.5 

79 

967 7 

109 




50 

906 6 

80 

969.9 

110 




51 

908.7 

81 

972 0 

111 




52 

910.8 

82 

974.1 

112 




53 

913 0 

83 

976.2 

M3 




54 


84 

978.3 

114 



853 9 

55 

917.2 

85 

980.4 

115 



856.0 

56 

919.3 

86 

982,6 

116 




57 

921.4 

87 

984.7 

117 




58 

923.5 

88 

986.8 

118 


*» 

802.3 

69 

925 6 

89 

988.9 

119 
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Rule 2. Belville’s short approx rnle is the ono host adapted to rapid 
field uso, namely, add together the two readings of the burom only. Also find the 
diffbetween said two readings; then, as the sum of the two readings 
is to their diff, so is 55000 feet to the reqd altitude. 

Correction for latitude is usually omitted where great accuracy is uot 
required. To apply it, fiist find the altitude bv the rule, as before. Then dmde it 
by the mnnbei in the following table op)H>Mtc the latitude of the place (if the two 
place-me m different latitudes, use their mean.) .!</</ the quotient to the altitude 
if the latitude is Jew than 4.V. knbtruct it it the latitude is mure than 46°. No cor¬ 
rection requiiod for latitude 45°. 



Table of corrections 

for latitude. 



352 

Let. 

14* 

319 

L&t 

j 610 

l fr 

1 7367 1 

bat 

54” 

1140 

bat ; 


.154 

lb 

4 ID 

.to 

i 705 


i 10101 


'HI 

70 




4,15 

32 

i 804 



5s 

1 804 



860 

2D 

460 

31 

**41 

41. 

I J010I 

bl) 

1 705 

74 

41b 

367 

22 1 

490 


1140 

4S 

I 3367 

62 

f.10 

76 

399 

375 

24 

527 

*« 1 

145H 

50 

2028 

(.1 

i ,i7.’ 

78 

8H6 


2fi 

572 

40 | 

2028 

52 

| 14o8 

! 66 

, «V'7 

80 

375 


Levelling by Barometer; or by the boiling point. 

Rule 3. The following table. No. 2, enables ns to measure heights either by means 
of boiling water, or by the baiora The thud column shows the nppioxuiiate alti¬ 
tude above sea-level corresponding to diff heights, or leadings ot tin* bamni; and to 
the difl degrees of Fahrenheit's thermoni,at whit h water boils m the open air Thus 
when the barom, under nudisturlied conditions of the atmosphere, stands at 24 08 
indies, or when pure rain or distilled water boils at the temp of 201° Fab; the placf 
is about 6764 ft above the level oi the sea,as shown by the table. It is thciefore 
very easy to find the diff of altitude of two places Tim's: take out from table No 2, 
the altitudes opposite to the two boiling temperatures; or to the two liarom readings 
Subtract the one opposite the lower reading, from that opposite the upper leading 
The remwill be the reqd height, as a longji approximation To coimt tins,add 
together the two therm readings; and div the sum by 2, for their mean. From table 
for temperature, p 816, takeout tlio number opposite this mean. Mult the ap¬ 
proximate height just found, by this tabular number. Then correct foi lat if reqd. 

Ex. The sanio as preceding; namely, barom at lower sta, 26.64; and at upper sta, 
20.32. Thermom at lower sta, 70° F..h; and at the upper cue, 4o°. What is tl.e diff 
of height of the two stations ? 

Alt. 

Here the tabular altitudes are, for 20.82.9579 

and for 26.64.3115 

6464 ft, approx height. 

70° 4-40° 110° 

To correct this, we have —- — = — - — 55° mean; and in table p 316, opp to 

65°, we find 1.018. Therefore 6461 V 1.048 = 6774 ft, the reqd height. 

This is almut 26 ft more til in by Rule 1 ; or nearly .4 of a it in each 1(H) ft. 

At 7(1° Fall, pure water will boil at 1° less of temp, for an uicruge of about 650 ft 
of elevation above sea-level, up to a height of V 2 a mile. At the height of 1 mile, 1° 
ot iioihug temp will correspond to about 660 ft of elevation. In table p 315 tin 
mean of the temps at the two stations is assumed to bo 32° Fall; at winch no correc¬ 
tion for temp is necessaiy in using the table; hence the tabular numlier opposite 
32°. in table p 816, ir 1*. 

This diff produced in thp temp of the boiling point, by change of elevation, must 
Jot lie confounded with that of the atmosphere, due l» the same cause. The air In¬ 
comes cooler as we ascend above sea-level, at the late (very roughly; ol about 1° Fah 
for every 200 it near sea-level, to 350 ft at the height of l mi In. 

Tlie following table, No. 2, (so far as it relates to Hie barom ) was de¬ 
duced by the writer from the standard noil; on the burom by Lieut.-Col. R. S. WiJ 
liaoumii, U. 8. army.* 


* Published by permission of Government in 1868 by Van Nostiand, ti. V 
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Levelling by Barometer; or by the boiling point. 

Assumed temp in the shade 32° Fah. If not 32°, mult harom alt as per Table, p 316 


Boil 
point 
In deg 
Pah. ' 


Altitude 
Barom I above 
eea levelj 
Ins. I Feet. 


16 7!) 
16 83 
16 86 
16 90 
16 DB 

16 97 

17 00 
17 01 
17 08 
17 12 
17 11. 

17 20 
17 23 
17 27 

17.31 
17 35 
17.88 
17 42 
17 46 
17 50 
17 54 
17 58 
17 62 
17 1.6 
17 70 
17.74 
17.78 
17 82 
17 «6 
17 90 
17 93 

17 97 
18.00 
18.04 

18 08 
19 12 
18 16 
18.20 
18.24 
18 28 

18.32 
18 36 
18 40 
18.44 
18.48 
18.52 
18 56 
18 60 
18 64 
18.68 
18 72 
18.76 
18 80 
18 81 
18 88 
18.92 

18 96 

19 00 
19.04 
19 08 
19 IS 
19 IT 
19 21 
19 25 
19 29 
19 33 
19.37 
19.41 
19 45 
19 49 
19.54 
19 58 
19.62 


15221 
15159 
15112 
1505O 
15003 
14941 
14895 
14R33 
14772 
14710 
141.49 
14588 
1(543 
14482 
14421 
1431.1 
14715 
14255 
11193 
14145 
11075 
14015 
13956 
13896 
14847 
13778 
13718 
13660 
13601 
13542 
14498 
13440 
13396 
14348 
13280 
13222 
14164 
13106 
14019 
12991 
12934 
12877 
12620 
12763 
12706 
12649 
12593 
12536 
12180 
12424 
12367 
1231! 
12256 
12200 
12144 
12089 
12034 
11978 
11923 
11868 
11799 
11745 
11690 
11635 
11581 
11327 
11472 
11418 
11364 
11310 
11243 
, 11190 
| 11136 


Boll 
point 
n deg 
Fah 

Barom. 

Inn. 

lltitude 
above 
eu level 
Feet. 

Boil 

[Hllllt 

i deg 
Fab. 

taroni. 

Inn. 

Utitude 

'Feet' 

Boll | 
Mlltlt 
i deg 
Fab 

.3 

19 66 

11083 

.6 

22 93 

7018 

.9 

4 

19 70 

11029 

.7 

22.98 

6991 

206 

.5 

19 74 

19976 

.8 

23.02 

6945 

.1 

6 

19 78 

10923 

9 

24.07 

6888 

.2 

.7 

19.82 

10870 

199 

23.11 

6843 

.3 

.8 

19.87 

10804 

.1 

23 16 

6786 

4 

.9 

19 92 

10748 

.2 

23.21 

6729 

.5 

192 

19 96 

104(85 

.3 

23.26 

6673 

6 

1 

20 00 

10644 

.4 

24.31 

6617 

.7 

.2 

20 05 

10567 


2.3 36 

(.560 

8 

4 

20 10 

10502 

.6 

24 40 

6516 

9 


20 14 

1UI50 

.7 

23 45 

6460 

.’417 


20 18 

10498 

.8 

23 49 

64J5 

l 

.6 

20 22 1 

10346 

.9 

23 74 

b359 

2 

7 


10281 

200 

23 59 

6304 

.3 

8 

20 n 

10240 

.1 

24 64 

6248 

4 

.9 

20 45 

10178 

.2 

23 69 

6193 


194 

20 49 

10127 

.'4 

23 74 

Cl,>7 

6 

1 

20 43 

10075 

.4 

24 79 

6082 

7 

2 

20 48 

10011 

.5 

24 84 

6027 

8 

t 

V0 54 

9947 

.6 

23 84 

5972 

9 

4 

20 57 

9896 

.7 

23 94 

5') 17 

208 


20 61 

984.6 

.8 

23 98 

5874 

1 

6 

20 65 

9794 

.9 

24 03 

5819 

.2 

7 


9743 


24 4*8 

5764 


8 

20 73 

9693 

.1 

24 13 

5710 

4 

.9 


9612 

.2 

24 18 

5656 

.5 

194 

20 82 

9579 

3 

24 23 

5602 

.6 

.1 

20 87 

9516 

.4 

24 28 

5547 

7 



9466 

.5 

24 33 

5494 

8 

3 


9103 


24 38 

5440 

.9 

.4 

21.00 

9454 

7 

24 43 

5386 

209 

.5 

21 05 

9291 

.8 

24 48 

5332 

.1 

6 

21.09 

9‘2tl 

9 

24 53 

5270 

.2 

.7 

21.14 

9179 

202 

24 58 

5225 

.3 

.8 

21.18 

9140 

.1 

24 63 

5172 

.4 

.9 

21 22 

9080 

2 

24 68 

5119 

.5 

195 

21 26 

9031 

.3 

24 73 

5066 

.6 

.1 

21 41 

8969 

4 

24.78 

5013 

.7 

2 

21.35 

8920 


24 83 

4960 

.8 

.4 

21-40 

8859 

.6 

24 88 

4907 

9 

4 

21.44 

8810 


24 93 

485.5 

210 

.5 

21 49 

8749 

8 

24 98 

484)2 

.1 

.6 

21 53 

8700 

.9 

25.03 

4750 

.2 

.7 

21.58 

8639 

203 

25 08 

4697 

.3 

.8 


85>H) 

1 

25 13 

4645 

.4 

.9 

21.67 

85.30 

2 

25 18 

4.(93 

5 

196 

21.71 

8481 

.3 

25 2.1 

4541 

.6 

.1 

21 76 

8421 

.4 

25 28 

4489 

.7 

.2 

21.81 

8361 

.5 

25 33 

4437 

.8 

3 

21 86 

830! 

.6 

25 38 

4386 

.9 

.4 

21 90 

8253 

.7 

25 43 

4334 

211 

.5 

21.95 

8193 

.8 

25 49 


.1 

.6 


8145 

.9 

25 54 

4221 

.2 

.7 

22 04 

8086 

204 

25 59 

■414(9 

.8 

.8 

V4.0H 

8038 

.1 

25 64 

4118 

.4 

.9 

22 IS 

7979 

.2 

25 70 

4057 

.5 

197 

22 17 

7932 

.» 

25 76 

3996 

6 

1 

22 22 

7873 

4 

25 81 



2 


7814 

.5 

25 86 

3894 


4 


7755 

.6 

25 91 

3844 

.9 

.4 

22 36 

7708 

.7 

25.96 

3793 

212 



7649 

H 

26 01 






.9 

26 06 

3692 

.1 




205 

26.11 

3642 

.2 



7498 

.1 

26 17 

3582 

.3 



7439 

.2 

26.22 


.4 


22 64 

7381 

.3 

26 28 

3472 

.5 



7324 

4 

26 33 




22.74 

7266 

5 

26 38 

3372 

.7 



7208 

.6 

26.43 

8322 




7151 

.7 

26.48 

8273 

.9 

.5 

22.89 

7093 

8 

26.54 

3213 

213 


Altitude 
tarom I above 
i sea level 
Ins. Feet. 


26 59 
26 64 
26 69 
26.75 
26 90 
26 86 
26 91 

26 97 

27 02 
27 08 
27 13 
27 18 
27 24 1 
27 29 

27.44 i 

27.40 i 

27.45 , 
27 51 1 
27 36 J 
27 62 ! 
27 67 i 
27.73 I 
27 78 ! 
27 84 
27 89 I 

27 95 ' 

28 00 1 
28 06 ' 
28 11 
28 17 
28.23 
28 29 
28 35 

28.40 

28.45 
28.51 
28.56 
28.62 
28 67 
28 73 
28.79 

28 85 
28.91 
28.97 
29.03 
29.09 
29.15 
29.20 

29 25 
29.31 
29 86 
29.42 
29 48 
29.54 
29.60 
29.65 
29.71 
29 77 
29 83 
29.88 
29 94 
30.00 

Below sea 


3164 

3115 

3066 

3007 

2958 

2899 

2850 

2782 

2748 

2685 

2647 

2589 

2540 

2484 

2435 

2477 

2329 

2272 

2224 

2167 

2120 

2063 

2016 

1959 

1912 

1866 

1809 

1763 

1706 

16oO 

1595 

1539 

1483 

1437 

1391 

1336 

1290 

1235 

1189 

1134 

1079 

1025 

970 

916 


202 

149 

105 

62 

«ea levtr 
level. 


80.24 
30.80 
30 35 
80.41 
80.47 
30 53 
80.59 
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SOUND. 


Corrections for tcinpcrnturoj to be used in connection with 
Rule .'1, when ^renter neeurncy is necessary. Also in con¬ 
nection with Table 2 when the temp is not 32°. 


Mean : 

temp | Mult 

Mean 

temp 

Mult 

Mean 

temp Mult 

Mean 

temp 

Mult 


shade 

i-y 

L 1 H JOs|jji|p 

Zero .913 

28 ° 

.992 

56° ! 1.050 

84° 

1.108 

2° .937 

30 

.996 

58 I 1.054 

86 

1.112 

4 .942 

32 

1.000 

60 : 1 058 * 

88 

1.117 i 

6 .940 

34 

1 004 

62 1062 

90 

1.121 j 

8 .950 

36 

1008 

64 ■ 1.066 

92 

1.125 > 

10 .954 

38 

1.012 

66 | 1 071 

94 

1.129 

12 .958 

40 

1016 

68 | 1.075 

96 

1.133 

14 .902 

42 

1.020 

70 ] 079 

98 

1 138 

16 .967 

44 

1.024 

72 1 083 

100 

1 142 

18 .971 

46 

1.028 

74 ; 1087 

102 

1.146 

20 .975 

48 

1.032 

76 I 1091 

104 

1.150 

22 .979 

50 

1 036 

78 i 1.096 

1*>6 

1154 

; 24 .9S3 

52 

1.041 

80 j 1100 

108 

1.158 

26 .987 

M 

1,046 

82 i 1104 

110 

1.163 


SOUND. 

The velocity of sound m quiet open air, has been experimentally deter¬ 
mined to be very appioximately lo90 feet per second, when the teinpi-i ature is at 
fie*-ziug point, or 32° Faluenluut. For e\ety degiee Fahieiiheit ot incr«ane of 
. vompuraturu, the velocity mci eases by fiom l / 2 loot to \% lent jwr second, accoiding 
yjo different authorities. Taking the niueas- at 1 toot per second toi each degtee 
(wbic>- agrees closely with theoretical calculations), we have 


.« 

_ 30° Fahr 1030 feet per ssc 

~ 01951 mile 

per sec 


1 mile in 

5.13 secouds. 

;/ “ 

- 20° 

*• 

1040 

“ 


— 0.1970 “ 


1 “ 

5.08 

a 


— 10° 

44 

1050 


44 

-- 0.1989 “ 

a 


1 “ 

6 03 

It 

a 

0 


1060 

“ 

“ 

= 0.2008 44 

«* 

= 

1 “ 

4 98 


« 

10° 


1070 

“ 

44 

--=0.2027 44 

44 


1 “ 

4.93 

« 


20° 


1080 

44 

44 

~ 0 2045 44 

« 


1 “ 

4 88 

•1 

“ 

32° 

“ 

1092 

4 - 

• it 

=-0.2068 44 

« 

=- 

1 “ 

483 


“ 

40° 

“ 

1100 

44 

44 

-- 0.2083 44 

“ 

«= 

1 “ 

4 80 


•c 

50° 

44 

1110 

“ 

44 

“ 0.2102 44 

44 

K 

1 “ 

4 78 

II 

44 

60° 


1120 

44 

44 

-0.2121 “ 

“ 

r= 

1 “ 

4.73 

II 

41 

70° 

44 

1130 

44 

44 

= 0.2140 “ 

44 


1 “ 

468 

« 

44 

80° 

“ 

1140 


44 

= 0 2159 “ 

“ 

su; 

1 “ 

4.63 

•• 

“ 

90° 


1150 

14 

44 

= 0.2178 *• 

“ 


1 “ 

4.59 

« 

44 

100° 

• 4 

1160 


« 

=- 0.2197 “ 

“ 

r. 

1 “ 

4 55 

II 

44 

110° 


1170 


44 

- 0.2210 “ 

« 


1 “ 

4 51 

1* 

M 

120° 


1180 

“ 

“ 

= 0.2235 “ 

“ 


1 “ 

4.47 

“ 


If the air is calm, fog or rain does not appreciably affect the roRult; hut winds do. 
Very loud sounds appear to travel somewhat luster than low ones. The watchword 
of sentinels has been heard across still water, on a calm night, 10J-6 miles; and a 
cannon 20 miles. Separate sounds, at intervals of of a second, cannot be distin¬ 
guished, but appear to be connected. The distances at which a speaker can be 
understood, in fiont, on ouu side, and lo-himl him are about as 4, 3, and 1. 

Dr. Charles M Cresson informs the writer that, by repented trial*, he found that 
in a Philadelphia gas main 20 inches diameter and 10000 feet long, laid and covered 
In the eartu, but empty of gas, and having one horizontal bend of no 0 , and of 40 feet 
radius the sound of a pistol-shot travelled 16000 feet iu precisely 16 seconds, or 1000 
feet per second. The arrival of the sound was baiely audible; but was rendered 
Very appaient to the eye by its blowing ofl a diaphragm ot tissue-paper placed over 
the end of the main. 

Two boats anchored some distance apart may serve a* a base Hue for 
triangulating oirjects along the coast; tbe distance between them being fliBt found 
by firing guns on board one of them. 

In water the velocity is about 4708 feet per second, or about 4 times that 
iu air. In woods, it is from It) to 16 times; and in metals, from 4 to 16 times 
greater than In air, according to some authorities. 



HEAT. ?A1 


Approximate expansion of solid. by heat-, and their malt- 
lng points by Fahrenheit’s thermometer.? 


I from 


Fire brick. 

Granite . 

Glass rod 
Glass tube 
“ crowu 
1 plau' 

YT.itma ... 

Ji irtilc granular, white, dry.. 

“ * moist. 

“ * blank, compact 

Antimony . 

Cant Iron. 

Slate . 

Steel . 

'• blistered. 

' UUtempcml. 

" teni|>ered yellow. 

hardened . 

•• annealed. 

Iron, rolled. 

aoft. forged . 


Bismuth. 

Gold, auucalcd ... 

Copper. 

Sw.idatiinef. 

Brass . 

“ wire. 

Silver. 

Tlu. 

Leal. 

Pewter 

/me (most of all u 

White pmo. 


etala). 



4.56 
3 58 
25.49 


Melting 
point 
In Deg.} 


506 

2016 

2000 

1873 

1861 


Let o 0 or a? — the linear expansion coefficient of a material 

that fraction txf its original length which a prismatic bar, of that material, 
gams or loses, for each degree, Cent, or Fahr. respectively, of change in its 
9 5 


temperature. Then: 


ar; Of - 


- a„. 


9 


The'coefficient is practically constant at ordinary temperatures. 

The force, exerted longitudinally by such a bar, m expanding or con¬ 
tracting, is P = atEF, wheie a — coefficient, as above; t — change in 
temperature, in degrees; E = elastic modulus (see p 456); F — area of 
cross section. Tlu* work, done by this force, in expanding or contracting 
the bar, of original length, L, through the length, l, is W P l *= P L a t — 
a 2 PE F L. 

The Niiperficinl expansion coeflicicnf (ratio of change of area 

of a surface to its original area) = about 2 c ; voluninar coefficient 
— about 3 a; assuming that the linear coefficient is the same in all directions. 

Heat of a common wood lire vanously estimated at from 800° to 
1140° Fahr.; charcoal tire, about 2200° F.; coal tire, about 2400° F. 


« By adding part to the lengths in the two cols under 180°. we get the lengths corresponding to 
a number of degrees -jJj less than 180°; or to lG3 c ’.4Ct deg which may be taken as about the extreme* 
of temp In the colder perilous of the United States. In the Middle State* the extremes rarely reaob 
135°, or % part le*s than 180°. 

No dependence whatever is to he plsoed on results obtained by Wedgewood’s pyrometer. 

+ The table shows thut the contraction and expansion of fttone will cause 
open joluta in winter; and crushing of the mortar in summer, at tbh ende of long coping-stones. 

t The melt ing points are quite uncertain. We give the mean of 
the lies! authorities. Assuming that with a change of temp of about 163°, wrought iron will alter Its 
length 1 part in 91H; this in a mile amounts to 5 764 ft, or about 5 ft ins; and in 100 ft to .109 of a 
foot • or l K ins; so that a diff of 5 ft, or more, can readily result from measuring a mile in winter 
sod In summer with the same ohaln ; and a 26 ft rail will change Its length full J* of au inoh. 
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THERMOMETERS, 


Let C,R,F — the given reading, in degrees Celsius (Centigrade), Reaumur, 
ahrenlieit. respectively. Then (See tables 1, 2, 3, below): 


■ 


(F — 32); 


K - i C - * (F - 32); 

O V 

r --= ! C + 32 - -® n + S2 

5 4 

bus, let F -40. Then C - [j (- 40 - 32) - - 40. For cxpan- 

ion coefficients, see p 317. 


Below about - 37 ” C (- - 30 " H - — 35 ” Fl. the mercurial thermometar 
,d barometer become irregular. Mercurv begins to freeze at about —4U L 
_32° R =- —40 c F. Below this temperature alcohol is used. 

TABLE 1. Fullrenheit compared with Centigrade and Rian- 

itir. In this table the Cent and Ke.ui leadings are given to the nearest decimal. 
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AIR. 


AIR.—ATMOSPHERE. 

The atmosphere is known to extend to at least 45 miles 

above the earth. It is a mixture of about 79 measures of nitrogen gas and 21 
of oxygen gas; or about 77 nitrogen, 23 oxygeu, by weight. It generally eon- 
■tains, however, a trace of water, and of carbonic acid anu carburetted hydrogen 
'gases, and still less ammonia. 

Density of air. Under “ normal” or “standard” conditions (sea level, 
lal45°, barometer 760 mm = 29.922 ins, temperature U° C -- 32° F) dry air 
weighs 1.292673 kilograms per cubic meter * — 2.17838 lbs avoir per cubic yard. 
For other lats aud elevations— 

Density, in kg per cu m, =. 1.292673 X X Xl —0.002837 cos 2 lut)* 

where R = earth’s mean radius = 6,366,198 meters; h =. elevation above sea 
level, in meters. For other temperatures, see below. 

Under normal conditions, but with 0 04 parts carbonic acid (C 0 9 ) in 100 part* 
of air, density — 1 293052 kg per cu ui.f = 2.17952 lbs avoir per cu yd.J 

The atmospheric pressure, at any given place, tnay vary 2 Inches or 
more from day u> day. The average pressure, at sea level \ vanes from 
about 745 to 770 millimeters of mercury according to the latitude and locality, 
760 millimeters* is generally accepted as the mean atmospheric pressure, and 
called an atmosphere. The metric atmosphere,” takeu arbitrarily 
at 1 kilogram per square centimeter, is in general use in Continental Eur«|»e. 
The pressure diminishes as the altitude increases.! Therefore, a pump in a high 
region will not lift water to as great a height as in a low one. The pressure of 
air, like that of water, is, at any given point, equal in all directions. 

It is often stated that, the temperature of the atmosphere lowers at 
the rate of 1° Fall for each 300 feet of ascent above the earth's surface; 
but this Is liable to many exceptions, and varies much with local causes. Actual 
observation in balloons seems to show that, ut> to the first 1000 feet. 1° in about 
200 feet is nearer thetruth ; at 2000 feet, 1° in 250 feet; at 4000 feet, 1° in 300 feet; 
and, at a m ile, 1 ° i n 350 feet. 

In breathing, a grown person at. rest requires from 0 25 to 0 35 of a cubic 
foot of air per minute; winch, when breathed, vitiates from 3.5 to 5 cubic feet. 
When walking, or hard at work, he breathes and vitiates two or three times as 
much. About 5 cubic feet of fresh air per person per minute are requir<*d lor the 
perfect veutilatiou of rooms m winter; 8 in summer. Hospitals 40 to 80. 

Beneath the general level of the surface of the earth, in temperate 
regions, a tolerably uniform temperature of alwuit 50° to 60° Kah exists at 
the depth of about 50 to 60 feet; and increases about 1° for each additional 50 to 
60 feet; all subject, however, to considerable deviations owing to many local 
causes. In the Rose Bridge Colliery, England, at the depth of 2424 feet, the 
temperature of the coal is 93.5° Fah; and at the bottom of a boring 4169 leet 
deep, near Berlin, the temperature is 119°. 

The air is a very slow conductor of heat; hence hollow walls 
serve to retain the heat in dwellings; besides keeping them drv. It rushes 
into a vacuum near sea level with a velocity of about 1157 feet per second; 
or 13.3 miles per minute; or aliout ns fast as sound ordiuarily travels through 
quiet air. See Sound. 

Like all other elaatlc fluids, air expands equally with 
equal increases of temperature. Every mcieaseof 6° Fah, expands 
the bulk of any of them slightly more than 1 per cent of that which it has at 0° 
Fah; or 500° about doubles its bulk at zero. '] he bulk of any of them diminishes 
inversely in proportion to the total pressure to which it is subjected. 

This holds good with air at least, up to pressures of about 750 lbs per square 
inch, or 50 times its natural pressure; the air in this case occupying one-fiftieth 
of its natural bulk. In like manner the bulk will increase as the total pressure 
is diminished. Substances which follow these laws, are said to be perfectly 


* H. V. Regnaulf, Mthnoires de I’Acadfimie Royale des Sciences de 1’Institut de 
France. Tome XXI, 1847. Translation in abstract, Journal of Franklin Insti¬ 
tute, Phila., June, 1848. 

t Travaux et M6moires du Bureau International des Poids et Mesures, Tomel 

E ge A 54 Smithsonian Meteorological Tallies, 1893, published in Smithsonian 
Iscellaneous Collections, Vol. XXXV, 1897. 

{See Conversion Tables. 

4 See Leveling by the Barometer. 
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elastic. Under a pressure of about 5% tons per square Inch, air would becom* 
as dense as water. .Since the air at the surface of the earth is pressed 14% lbs per 
square inch by the atmosphere above it, and since this is equal to the weight of a 
column of water 1 inch square and 34 feet high, it follows that at l lie depths o\ 
34 , 68, 102 feet, Ac, below water, air will be compressed into %. %, %, Ac, 
of its bulk at the surface. 

In 3 diving-bell, meu, after some experience, cau readily work for several 
hours at a depth of 51 feet, or under a pressure of 2% atmospheres; or 37% lbs 
per square inch. But at 90 feet deep, or under 3.64 atmospheres, or nearly 55 
ms per square inch, they can work for but. about au hour, without serious suffer¬ 
ing from paralysis, or even danger of death, still, at the St Louis bridge, work 
was done at a depth of 110% feet; pressure 63.7 tbs per square inch. 

Tl»e dew point is that temp (varying) at which the air deposits its vapor. 

The greatest heat of the air in the snn probably never exceeds 
145° Fall, nor the greatest cold— 74°at night. About I.10 o above,mid 40°below 
zero, are the extremes in the 1J. S east of the Mississippi; and 65° below in the 
N. VV.; all at common ground level. It is stated, however, that — 81 ° has been 
observed in N. IS. Silieria; and +101° Kali in the shade in Paris; and +153° iu 
the sun at (ireenwich Observatory, both in July, 1881. It. has frequently ex¬ 
ceeded +100° Fah iu the shade in Philadelphia during recent years. 


WIND. 


The relation between the velocity of wind, and its press¬ 
ure against an obstacle placed either at right angles to its course, or inclined 
to it, has not been weN determined; and still less so its pressure against curved 
surfaces The pressure against a large surface is probably proportionally greater 
than against a small one. It is generally supposed to vary nearly as the squares 
of the velocities; and when the obstacle is at right angles to it’s direction, the 
pressure in lbs per square foot of exposed surface is considered to he equal to 
the square of the velocity iu miles per hour, divided by 200. On this basis, 
which is probably quite defective, the following table, its given by Smenton, is 
prepared. See siNo pp 710, 711, 713, 714, 758. 759, 764. 


Vel. in Miles 1 Vel in Ft. Pres, in Lbs. \ 
per Hour i per See. per Sq Ft. j 


Remarks 


2 


5 

10 

12 * 

15 

20 

25 

to 

10 

50 

60 

SO 

100 



Tredffold recommends to allow 40 lbs persq ft of roof for the 

proa of wind agaiust It; but us roof* are constructed with a slope, and consequently do not receive 
the fUH foroe of the wind, this Is plainly loo much * Moreover, only oue-hall of a roof i* usually ex¬ 
posed. even thus partiully, to the wind. Pioh&bly the force in snoh cases vai ics approximately as the 
sines of the angles «f s|op>'s Acooi ding to observation* in Liverpool, in IW50, a wind of 38 mile* per 
hour, produced a prea of 14 tbs per aq ft against an otyect perp tc It: and one of 70 miles per hour, 
(the severest gale ou record at that ntv.) 42 tb* per sq foot. These would make the pres per sq rt, 
more nearly equal to the square of the vel in miles per hour, dlv by 100, or nearly twice as great as 
given in Smcaton'* tuble. we should ourselves give the preference to the Liverpool oh sen at,ions. A 
very violent gate in Scotland, registered bv an excellent anemometer, or wind-gauge, 45 tbs per sq 
ft. It Is stated that as high as 55 tbs has been ob*erved at Glasgow. High winds often lift roofs. 

The gauge at Girard College. Pliilada, broke uuder a strain of 42 lbs per sq ft; a tornado passing 
at the moment, within * mile 

By inversion of Smeaton's rule, if the foroe in lbs per sq ft, be mult by 200, the sq rt of the prod 
will give the vel in miles per hour 


* The writer thinks 8 lbs per sq foot of ordinary double-tloping roof k, or 18 lb* for ihed-roofi », auffl 
eient allowanoe for pres of wind. 
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RAIN AND SNOW. 

The animal precipitation* at any Riven place varies greatly from 
year to year, the ratio between maximum and minimum being frequently greater 
than 2:1. Beware of average*. In estimating floods, take the maximum 
falls, and in esiimating water supply, the minimum, not-only per annum, but for 
•hort periods. In estimating water supply, make deductions for evaporation 
and leakage. 

Maxima and minima deduced from observations covering only 4 or 5 years are 
apt to be misleading. Data coveriugeveu 10 or more years may just mi«s includ¬ 
ing a very severe Hood or drought. Records of from 15 to 20 yeais may usually 
be accepted as sufficient. 


Table 1. 

Average Precipitation * f in the United N tat oh, in ins. 

(rrom Bulletin G of U. S. Department of Agriculture, 

compiled n 

:» end of 1891.) 

Bute. 

8pr. 

Sum. 

Aut. 

Win. Anu'l 1 

State. 

Spr. 

Sam. 

Aut. 

Win. Ann‘1 













Arizona. 


4.3 

2.2 

3.1 

10 9 

Nebraska. 

... 8.9 

10 9 

49 

22 

26.9 

Arkansas.... 

.14 3 

12 5 

11.0 

12.8 

50 6 

Nevada . 

... 2 3 

08 

1.3 

3 2 

7.6 

California... 

. 6.2 

0 3 

3 5 

11.9 

21 9 

N. ilampsliin 

e. 9 8 

19 9 

11 4 

10 7 

44.1 













Con nect icut, 


12 5 

11 7 

11.5 

46 8 

New Mexico.. 

... 1.4 

5 8 

3 5 

2 0 

12.7 

Delaware.... 

. 1(1 2 

11 0 

10 0 

9 6 

40 8 

1 New Yoik. 

.. 8 5 

10 4 

9.7 

7 9 

36 5 

Dist. Columhia.ll 0 

12.4 

9.4 

90 

41.8 

1 N. Caiolinu... 

..12 9 

16 6 

12 0 

12.2 

53.7 



21 4 






















Idaho. 












Illinois . 

. ID 2 

11 2 

9.0 

7.7 

38 1 

IViiiim Ivatn.i 

...10 3 

12 7 

10 0 

9.5 

42.5 

Indiana . 

. 11.0 

11.7 

9 7 

10 3 

42 7 

Rhode I-laud 

...11 9 

10 7 

11 7 

12.4 

46.7 

Indian T’y.. 

. 10.6 

11.0 

8 9 

5.7 

36.2 

S. Carolina..., 

... 9 8 

16 2 

9 7 

9 7 

45.4 

Iowa . 

. 8.3 

12 4 

8.1 

4.1 

32 9 

S. Dakota . 

... 7.2 

9 7 

3 5 

2 5 

22.9 

Kaunas. 

. 89 

11.9 

6 7 

3.5 

31 0 

Tennessee . 

...13.5 

12 5 

10 2 

14 5 

50.7 

Kentucky „. 

. 12 4 

12 5 

9 7 

11.8 

46 4 

; Texas . 

.... 8.1 

86 

7.6 

6 0 

30.3 

Louisiana ... 

. 13.7 

15 0 

10 8 

14.4 

53.9 

1 tali . 

... 3.4 

1 5 

2 2 

3 5 

10.6 

Maine . 

.lt.t 

10 5 

12.3 

11.1 

45 0 ! 

' Vcimont . 

... 9 2 

12.2 

11.4 

9 3 

42.1 

Maryland.... 

. 11.4 

12 4 

10.7 

95 

410 Viigmia.. 

...10.9 

12 5 

9.5 

9.7 

42 6 

Massachusetts...! 1,6 

11.4 

119 

11.7 

46.6 

.. 

... 8 6 

3 9 

10.5 

16 8 

39.8 

Michigan.... 

. 7 9 

97 

9.2 

7.0 

33.8 

! W. Virginia.. 

...10 9 

12 9 

90 

10.0 

42.8 

Minnesota.. 

. 6 5 

10.8 

5.8 

3.1 

26 2 : 

Wisconsin. 

... 7 8 

11.6 

7.8 

52 

32.5 

Mississippi. 

.14,9 

12 6 

10 1 

15.4 

53 0 ] 

Wyoming. 

... 4 3 

3.5 

2.2 

1 6 

11.6 

Missouri. 


12.4 

9.1 

6 5 

38.0 1 

1 United States 

... 9.2 

10.3 

8.3 

8.6 

36.3 


At Philadelphia, in 1809, during which occurred the greatest, drought known 
there for at least 50 years, 43 21 inches fell; August 13,1873, 7.3 inches In 1 day 5 
August, 1867,15.8 inches in 1 mouth; July, 1842,6 inches in 2 hours; 9 inches 
per month not more than 7 or 8 times in 25 years. 1 roin 1825 to 1893, greatest 
in one year, 61 inches,in 1867; least,30inches, in 1825and 1880. At Norristown, 
Pennsylvania, in 1865, the writer saw evidence that at least 9 inches fell within 

5 hours. At Genoa, Italy, on one occasion, 32 inches fell in 24 hours; at Geneva, 
Switzerland, 6 inches in 3 hours; at Maiseilies, Pi ante, 13 inches iu 14 hours; 
in Chicago, Sept., 1878, .97 inch in 7 minutes. 

Near London, England, the mean total fall for many years Is 23 inches. 
On one occasion, 6 inches fell in V/ t hours! In the mountain districts of the 
English lakes, the fall is enormous; reaching in some veais to 180 or 240 inches; 
or from 15 to 20 feet! while, in the adjacent neighborhood, it is hut 40 to 60 
inches. At Liverpool, the average is 34 inches; at Edinburgh, 30: Glasgow, 22; 
Ireland, 36; Madras, 47; Calcutta, 60; maximum for 16 years, 82; Delhi, 21; 
Gibraltar, 30; Adelaide, Australia, 23; West Indies, 36 to 96; Rome, 39. On the 
Khassya hills north of Calcutta, 500 inches, or 41 feet 8 inches, have fallen in the 

6 rainy months! In other mountainous districts of India, annual falls of 10 to 
20 feet are eotnmon. 

A moderate steady rain, continuing 24 hours, will yield a depthofabout an inch. 

An a general rule, more rain fall* in warm than in cold 
Connirien; and more in elevated regions than in low ones. lA>cal peculiar! 


♦ Precipitation includes snow, hail, and sleet, melted. 

tUniudied snow is here estimated at 10 inches snow = l inch rain. But see 
“Rainfall equivalent of snow,” p 324. 






































RAIN AND SNOW. 


323 


Kies, ho* ever, sometimes reverse this; and also cause great differences in the 
amounts in places quite uear each other; as in the English lake districts just 
alluded to. it is sometimes difficult to account for these variations, in some 
lagoons m New Granada, South America, the water has known three or four 
heavy rain..: to occur weekly for some months, during which not a drop fell on 
hills about 11)00 feet high, within ten miles’ distance, and within full sight. At 
another locality, almost a dead-level plain, fully three-quarters of the rains that 
fell for two years, at a spot two miles final Ins residence, occuried m the morn¬ 
ing; while those which loll about three miles from it, in an opposite direction, 
wore in the afternoon. 

The relation between precipitation and stream-flow is greatly 

affected by the existence <»t forests 01 ciops, by the slope and character of ground 
on the watei-shed, especially as to rate of absorption, by the season of the year, 
the frost in the ground, etc. The stream-llow may ordinarily be taken us vary¬ 
ing between 0 2 and 0 8 of the rainfall. .Streams m limestone regions liequcntly 
lose a ven largo nropmtion of their flow through subterranean caverns. 

Assuming a tall ol 2 feet in 1 year ( = 76,379 cubic feet per square mile per 
day), that half the rainfall is available for water supply, and that a per capita 
consumption of 4 cubic feet (=» 30 gallons) per day is sufficient, one square mile 
will supply 19,005 persons; or a squate of 38.25 feet on a side will supply one 
person. 

An inch of rain amount** to 15630 cubic feet; or 27155 U. S. 
gallons; or 101.3 tons per acre; or to 2523200 cubic feet; or 17378743 U. S. gal¬ 
lons; or 61821 tons per square mile at 62*4 lbs per cubic foot. 

The most destructive rains are usually those which tall upon snow, under 
which the ground is Irozeu, so as not to absorb water. 

Table 2. Maximum intensity of rainfall for periods of 5,10, and 

60 minutes at Weather Bureau stations equipped with self-recisteiinv 
gauges, compiled from all available records to the end of 1896. 

(From Bulletin D of U. S. Department of Agriculture.) 


Stations. | 

Rate per hour for— 1 

Stations. j 

Rate per hour for— 




. 1 




5 min. 

10 mins. 

60 mins. 


5 min. 

10 mins. 

GO rains. 


Ins. 

Inches. 

Inches. 


Ins. 

Inches. 

Inches. 






6. GO 

5.92 

1.60 



6.00 

1.30 


6.48 

5.58 

2.55 

New Orleans «... 

8.16 

4.86 

2.18 

Omaha. 

6.00 

4.80 

1.55 


7.80 

4 20 

1 25 

Dodge City. 

6.00 

4.20 

1.34 


7.80 

6 00 

2.40 

Norfolk. 

5.76 

5.46 

1.55' 

Washington. 

7.50 

5.10 

1.78 

Cleveland. 

5.64 

3.66 

1.12 

Jacksonville. 

7.44 

7.08 

2.20 

Atlanta.! 

5.46 

5.46 

1.50 






5 40 

4.80 

2.25 


7.20 

4.92 

1.60 

Philadelphia.. 

! 5.40 

4.02 

1.50 



4.98 

1 68 


> 4.80 

3.84 

2.25 




2.21 


156 

4.20 

1.70 






3.60 

3.30 

1.18 


g!go ' 

4.80 

1.86 


3.60 

2.40 

1.35 








Th® weight or freshly fallen snow, as measured by tho author, 

varies fi urn about 5 to 12 ibs per cubic foot; apparently depending chiefly upon 
the deureo or humidity oftlicair through which it hud passed. Ou one occasion, 
when mingled snow and hail had fallen to the depth of 6 inches, ho found its 
weight 10 lie 31 lbs per cubic foot. It was very dry and incoherent. A cubic foot 
of heavy snow may, by a gentle sprinkling of water.be converted into about 
half a cubic foot of slush, weighing 20 #k; which will not slide or run off 
from a shingled roof sloping 30°, if the weather is cold. A cubic block of snow 
saturated with water until it weighed 45 lbs per cubic foot, just slid on a rough 
board inclined at 45°; on a smoothly planed one at 30°; and on slate at 18° ; all 
approximate. A prism of snow, saturated to 52 lbs per cubic foot, one Inch 
square, and 4 inches high, bore a weight of 7 lbs; which at first compressed 
it about one-quarter part of its length. European engineers considers lbs per 
square foot of roof to be sufficient allowance for the weight of snow 
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and 8 ft* for the pressure of wind; total. 14 ft*. The writer thinks that in the 
U. S. the allowance for snow should uot be taken at less than 12 lbs; or the total 
foT snow and wind, at 2U lbs. There is no danger that snow on a roof will 
become saturated to the extent just alluded to; because a rain that would supply 
the necessary quantity of water would also by its violence wash away the snow: 
but we entertain no doubt whatever that the united pressures from snow and 
wind, m our Northern States, do actually at tunes reach, and even surpass. 
20 tbs per square loot of roof. Tlie limit of 

r erpetual snow at the equator is at the height of about 16000 feet, or say 
miles aimve sea-level: iu lat 45° north or south.it is about half that height; 
while near the poles it is about at sea-level 


Rain flanges. Plain cylindrical vessels are ill adapted to service as rain 
gauges; because moderate rains, even though sufficient to yield a large run-off 
from a moderate area, are not of sufficient depth to tie satisfactorily measured 
unless the depth be exaggerated. 1 he inaccuiacy of measurement, always con¬ 
siderable, is too great, relatively to the depth. 

In its simplest and most usual fonn, the gauge (sec Fig.) consists essentially 
of a funnel, A, which receives the rain and leads it into a ineasuuug 
tube, B, of smaller cross-section. The funnel should have a vertical 
and fairly sharp edge, and, in order to minimize the loss through 
evaporation, it should in closely over the tube, aud its lower end 
should bo of small diameter. 

The depth of water in the tube is ascertained by inserting, to the 
bottom of the tube, a measuring stick of some unpolished wood 
which will readily show to what depth it has been wet. The stick 
may be permanently graduated, or it may lie compared with an ordi¬ 
nary scale at each observation. The tube is usually of such diameter 
that, the area of its cross-section, minus that of the stick, is one-tenth 
of the area of the funnel mouth. The dept h of rainfall is then one- 
tenth of the depth as measured by the stick. 


w 


Dimensions op Standard U. S. Weather Bureau Rain Gauge. Ins. 

A. Receiver or funnel. Diameter 8 

B. Measuring tulie. Height 20 ins. “ 2.53 

C O'. Overflow attachment and snow gauge. “ 8 

Such gauges, with the tubes carefully made from seamless drawn brass tubing, 
cost about $->.00 each; hut an intelligent and careful tinsmith, given the dimen¬ 
sions accurately, can construct, of galvanized iron, for about $1.00 a gauge that 
will answer every purpose of the engineer. 

The exposure has a very marked effect upon the results obtained. The 
funuel should be elevated about 3 ft, in order to prevent rain from .splashing back 
into it from the ground or roof. If on a roof, the latter should be flat, and pref¬ 
erably 50 ft wide or wider, and the gauge should be placed as far as possible 
from the edges; else the air currents, produced by the wind striking the side of 
the building, will carry some of the rain over the gauge. No objects much higher 
than the gauge should’ be near it, as they produce variable air currents which 
may seriously affect its indicat ions. 

An overflow tank, C, should be provided, for cases of overfilling the tul>e. 

Water, freezing in the gauge, may burst it, or force the bottom off, or at least 
so deform the gauge as to destroy its accuracy. 

To mcasnre snow, the funnel is removed, and the snow is collected in 
the overflow attachment or other cylindrical vessel deep enough to prevent the 
snow from being blown out, and the cross-sectional area of which Is accurately 
known. The snow is then melted, either by allowing it to stand in a warm 
place, or, with less loss through evaluation, by adding an accurately known 
quantity of luke-warm water. In the latter case, the volumo of the added water 
must of course be deducted from the measurement. 

Rainfall equivalent of snow. Ten inches of snow are usually taken 
as equivalent to 1 in of raiu; but, according to various autlioi Hies, the equiva¬ 
lent may vary between 2% and 34; i. e., between 25 aud 1.84 tbs. per cubic foot. 

Self-recording ffange*, of which several forms aroon the market, are 
guite expensive, ana, even when purchased from regular makers, seldom per¬ 
fectly reliable. Gauges using a small tipping bucket register inaccurately in 
heavy rains; those using a float are limited as to the total depth which they can 
register; while those which weigh the rain, if exposed, are affected by wind. 
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Kies, ho* ever, sometimes reverse this; and also cause great differences in the 
amounts in places quite uear each other; as in the English lake districts just 
alluded to. it is sometimes difficult to account for these variations, in some 
lagoons m New Granada, South America, the water has known three or four 
heavy rain..: to occur weekly for some months, during which not a drop fell on 
hills about 11)00 feet high, within ten miles’ distance, and within full sight. At 
another locality, almost a dead-level plain, fully three-quarters of the rains that 
fell for two years, at a spot two miles final Ins residence, occuried m the morn¬ 
ing; while those which loll about three miles from it, in an opposite direction, 
wore in the afternoon. 

The relation between precipitation and stream-flow is greatly 

affected by the existence <»t forests 01 ciops, by the slope and character of ground 
on the watei-shed, especially as to rate of absorption, by the season of the year, 
the frost in the ground, etc. The stream-llow may ordinarily be taken us vary¬ 
ing between 0 2 and 0 8 of the rainfall. .Streams m limestone regions liequcntly 
lose a ven largo nropmtion of their flow through subterranean caverns. 

Assuming a tall ol 2 feet in 1 year ( = 76,379 cubic feet per square mile per 
day), that half the rainfall is available for water supply, and that a per capita 
consumption of 4 cubic feet (=» 30 gallons) per day is sufficient, one square mile 
will supply 19,005 persons; or a squate of 38.25 feet on a side will supply one 
person. 

An inch of rain amount** to 15630 cubic feet; or 27155 U. S. 
gallons; or 101.3 tons per acre; or to 2523200 cubic feet; or 17378743 U. S. gal¬ 
lons; or 61821 tons per square mile at 62*4 lbs per cubic foot. 

The most destructive rains are usually those which tall upon snow, under 
which the ground is Irozeu, so as not to absorb water. 

Table 2. Maximum intensity of rainfall for periods of 5,10, and 

60 minutes at Weather Bureau stations equipped with self-recisteiinv 
gauges, compiled from all available records to the end of 1896. 

(From Bulletin D of U. S. Department of Agriculture.) 


Stations. | 

Rate per hour for— 1 

Stations. j 

Rate per hour for— 




. 1 




5 min. 

10 mins. 

60 mins. 


5 min. 

10 mins. 

GO rains. 


Ins. 

Inches. 

Inches. 


Ins. 

Inches. 

Inches. 






6. GO 

5.92 

1.60 



6.00 

1.30 


6.48 

5.58 

2.55 

New Orleans «... 

8.16 

4.86 

2.18 

Omaha. 

6.00 

4.80 

1.55 


7.80 

4 20 

1 25 

Dodge City. 

6.00 

4.20 

1.34 


7.80 

6 00 

2.40 

Norfolk. 

5.76 

5.46 

1.55' 

Washington. 

7.50 

5.10 

1.78 

Cleveland. 

5.64 

3.66 

1.12 

Jacksonville. 

7.44 

7.08 

2.20 

Atlanta.! 

5.46 

5.46 

1.50 






5 40 

4.80 

2.25 


7.20 

4.92 

1.60 

Philadelphia.. 

! 5.40 

4.02 

1.50 



4.98 

1 68 


> 4.80 

3.84 

2.25 




2.21 


156 

4.20 

1.70 






3.60 

3.30 

1.18 


g!go ' 

4.80 

1.86 


3.60 

2.40 

1.35 








Th® weight or freshly fallen snow, as measured by tho author, 

varies fi urn about 5 to 12 ibs per cubic foot; apparently depending chiefly upon 
the deureo or humidity oftlicair through which it hud passed. Ou one occasion, 
when mingled snow and hail had fallen to the depth of 6 inches, ho found its 
weight 10 lie 31 lbs per cubic foot. It was very dry and incoherent. A cubic foot 
of heavy snow may, by a gentle sprinkling of water.be converted into about 
half a cubic foot of slush, weighing 20 #k; which will not slide or run off 
from a shingled roof sloping 30°, if the weather is cold. A cubic block of snow 
saturated with water until it weighed 45 lbs per cubic foot, just slid on a rough 
board inclined at 45°; on a smoothly planed one at 30°; and on slate at 18° ; all 
approximate. A prism of snow, saturated to 52 lbs per cubic foot, one Inch 
square, and 4 inches high, bore a weight of 7 lbs; which at first compressed 
it about one-quarter part of its length. European engineers considers lbs per 
square foot of roof to be sufficient allowance for the weight of snow 
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WATEB. 


WATER. 

Pure water, as boiled and distilled, is composed of the two gases, hydro, 
gen am) oxygen; in the propoiiioua oi 2 measures hydrogen to 1 of oxygen; 
or 1 weight of hydrogen to 8 of oxygen. Ordinarily, however, it. contains sev¬ 
eral foreign ingredients, as carbonic and other acids; and soluble mineral, of 
organic substances. Wben it contains much lime,it is said to be hard; and will 
not milk** a good lather with soap. The air iu its oi dinary suite contain* 
about 4 grains of water per cubic foot. 

The average pressure of the air at wea level, will balance a 
column of water 34 feet high; oi about 30 inches of meicury. 

Weight of unit volume, as affected by temperature, barometer at 30 ins; 
Temp Fa hr, 32° 39.2° 40° 50° 60° 70° 80° *HF 212° 

Temp, Cent, 0° 4° 4.4° 10° 15.6° 21.1° 2b 7° 32 2° 100° 

lbs/cu ft, 62.417 62.428 62.423 62 409 62.367 62.302 62 218 62.119 59.700 
grams/cu cm, 0.9998 1.0000 0.9999 0.9997 0 9990 0.998') 0.9966 0 9950 0.9563 

Maximum density at 4° (■ •=■ 39.2° F; 1 gram/cu ciu - 62.428 lbs/cu ft. 
From ibis temp, it expands, either by neat or by cold. 

At 629 F (16.7° C), burom, 30 iua; weight of water = al>out H15 X weight 
of air. 

Sea water. Weight of unit volume; 64 to 64 27 lbs j»er cu ft = 1.026 
to 1.029 gt ams per cu cm. See also p 328. 

Ice. Weijjht ot unit volume; 57 2 lbs/cu ft — 0.916 gram/cu cm. 
(L. Du four) 

lienee, as ice, it has expanded one4welfth of its original bulk as water • and the 
Niidden expanftivc force exerted at the moment of freezing, is sufficiently 
great l<* split non water-pipes; l>eing pmbnbly not le«* than 30,000 tbs pci square 
inch, instances have occurred of its vpliiting cast tubular posts of imn bridges, 
and of ordinary buildings, when full of ram water from exposure. It also loosens 
and throws d"wn massis of rock, through the joints of which rain or spring 
wa<er has found its wav. H'taming-walls also are sometimes overthrown, or 
at leasi bulged, bv the freezing of water which has settled between their backs 
and the eaitb filling which tliey sustain ; and walls winch are not founded at a 
sufficient d *pth, are often lifted upward bv the same pmc-ss. 

It is said that in a kIuhm tube inch in diameter, wafer will not 
freeze mini the temperature is reduced to 2:1°; and in lubes of )<*>« than 
inch, to 3° or 4°. Neither will it freeze until considerably colder than 32° in 
rapid tunning streams. Anchor Ice, sometimes found at depths as greju as 
25 feet, consists of an aggregation of sin ill crystals or needles of ie<* frozen of 
the surface of rapid open water; and probably carried below by the force of the 
stream. It does not form under frozen water. 

Since Ice float* ill wafer: and a floating body displaces a weight of the 
liquid equal to its own weight, it follows that a cubic foot of floating h e weighing 
57 2 fbs,m list displace 37.2 ttis of water. But 57.2 tbs of water, one foot square, Is 11 
Inches deep: th rcforc, floating ice of a cubical or paralbdopipedal sha|H\ will 
have of its volume under water; and nnlv ^ above; and a sqicm* foot of ice 
of any thickness, will require a weight equal to ^ of its own weight to sink it 
to the surface of the water. In practice, however, this must be regarded merely 
as a close approximation, since the weight of ice Is somewhat affected by en- 
closed air-bubbles. 

Pure water Is usually assumed to boil at 212° Fah In the open air, at the 
level of the sea; the barometer being at 30inches; and at about ic forevpry 
520 fe»'t above sea level, for heights within 1 mile. In fact, its boiling point 
7arieslike its freezing point, with its purity, the density of the air, the material 
of the vessel, &c. In a metallic vessel, it may boil at 210°; and in a glass one, 
at. from 212° to 220°; and It is Btated that if all air be previously extracted, it 
requires 275°. 

It evaporate* at, all temperatures; dissolves more substances than any 
other agent: and has a greater capacity for heat than any other known substance. 

Compression, per atmosphere (14.7 lbs/sq in) about 1 in 21,740. The 
volume ?s restored wher the pres is removed. 
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Effect on metals. The lime contained m many waters, forms deposits in 
metallic water-pipes, and in channels of earthen ware, or of masonry , e-pt-cially 
if tiie euirent be slow. Some oilier substances do the same; ohstiuctiiiu the 
flow of the water to such an extent, that it is always expedient to use pipes of 
diameters larger than would otherwise be necessary. The lime also forms very 
hard incrustations at the bottoms of boiler*** very much impair¬ 
ing their « ttieiency ; and ittidering them mote liable to burst. Such water is 
unfit lor locomotives. We have seen it stated that the South west ei n II HCo, 
England, prevent this lime deposit, along their limestone sections, by dissolving 
1 ounce of sal-ammoniac to 90 gallons of water. The salt of sea water forms 
similar deposits in boilers; as also does mud, and other tnipuniies. 

Water, either when very pure, as lain waicr; or when it contains carbonic 
acid, (as most water does,) produce** carbonate of lead in lead 
pipe**; and as this is an active poisou, such pipes should not he used for such 
waters. Tinned load pipes may be substituted loi them. It, however, sulphate 
of lime also tie present, as is very frequently the case, this effect is not always 
produced; and several other substances usually found m spring and river 
water, itNo dimmish it to a greater or less degree. Fresh water corrodes 
wrought iron more rapidly than cast; hut the reverse appears to 
be the case with sea water; although it also affects wrought iron very 
quickly; so that thick flakes may be detached liom it with ease. The corrosion 
of troii or steel by sea water increases with the carbon. Cast-iron cannons 
from a vessel winch had been sunk in the fresh water of the Delaware River 
lor more than 40 yearn, were perfectly tree from rust. Gen. Pasley, who bad 
examined the metals found in the ships Royal George, and Edgar, the first, of 
which had remained sunk iu the sea for ft2 yeais, and the last foi 133 years, 
“staled that the cast mm iiad generally become quite bolt; ana in some cases 
resembled plumbago. Some of the shot when exposed to the air became hot; 
and burst into many pieces. The wrought iron was not so much injured, 
etcejd when in co.Jarl v'llh copper, or bras» gun-metal. Neither of these last was 
much affected, except when iu con tact wiih Iron. Some of the wrought iron 
was reworked bva blacksmith,and pronounced superior to modern iron.” “Mr. 
Certain suited that some of the guns had been fatefully removed in their soft 
state, to t lie Tower of London: and in time (witlnu 4 years) returned thetr orig¬ 
inal hardness, lirass cannons from the Mary Rtfee, which had been sunk tn the 
sea for ‘292 years, were considerably honeycombed in spots only; (|>erhaps where 
iron had been in contact with them ) The old cannons, of wrought-iron liars 
imopod together, w re corroded about V A inch deep; but had probably h- en pro¬ 
tected by mud. The cast-iron shot became red hot on exposure to the air; and 
fell to pieces like dry clay'” 

“Unprotected parts of cast-iron sluice-valves on the sea cates of the Cale¬ 
donian canal were converted into a soft plumbaginous substance, to a depth 
of % of an im li, within 4 years; hut where they had been coated with common 
Swedish tar. they were entirely uninjured Tins softening effect on ca-t iron 
appears to lie as rapid even when the water is but slightly brackish; and that 
only at intervals. It al-o takes place on cast iron imbedded iu salt earth. Some 
water pipes thus laid near the Liverpool docks, at the expiration of 20 years 
were soft efbugh to be out by a knife; while the same kind, on higher ground 
beyond tue influence of the sea water, were as good a- new at the end of 50 years.'* 

Observation lias, however, shown that the rapidity of this action 
depend** much on tl»e quality of the iron; that which is dark- 
colored and contains much carbon uiechanicallv combined with it, corrode* 
most rapidly: while hard white, or light-gray castings remain secure for a long 
time. Some cast-lion sea-piles of this character, showed no deterioration in 40 
years. 

Contact with bra**** or copper is said to induce a galvanic action 
which greatly hastens decnv in either fresh or salt water. Some muskets were 
recovered from a wreck which had been submerged in sea water for 70 year* 
near New York. The brass parts were in perfect condition; but the iron part* 
had entirely disappeared. Galvanizing; (coating with zinc) acts as a pre¬ 
servative to the iron, hut at the exp'-nse of the zinc, which noon disappears. 
The iron then corrodes. If iron be wll heat-d. and then coated with hot 
coal-tar. It will resist the action of either sail or fresn water for many years. 
It is very important that the tar he perfectlv jmriflM. Such a coat¬ 

ing, or one oi paint, will not prevent barnacles and other shells from 
attaching themselves to the iron. Asphalturn, if pure, answers as well as 
coal-tar. 

(tapper and bronze are very little affected bv sea water. 

No galvanic action has been detected where brass ferules are inserted InU 
the water-pipes in Philadelphia. 
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The most prejudicial exposure for iron, as well as for wood, is 
that to alternate wet and dry. At some dangerous spots in Long Island Sound, 
It has been the practice to drive round bars of rolled iron about 4 inches diam¬ 
eter, for supporting signals. These wear away most rapidly between high and 
low water; at the rate of about an inch in depth iu 20 years; iu which time the 
4-inch bar becomes reduced to a 2-ineh one, along that portion of it. Under 
fr«hh water especially or under ground, a thin coating of coal-pitch varnish, 
carefully applied, will protect iron, such as water-pipes, 4c.. for a long time. 
See page 655. The sulphuric acid contained in the water from coal mint* 
corrodes iron pipes rapidly. In tho frcMli W Hl«>r of canals, iron boats 
have continued iu seivioe trom 20 lo 40 years. Wood remains Mound for 
centuries under either fresh or salt water, it not exposed to lie worn away by 
the action of currents; or to he, destroyed bv marine* Inst els. 

Sea water weiffhafrom 64 to 61 27 lbs per cubic foot, or xnv fioiu 16 to 
1.9 tbs per cubic toot more limn fresh wale r, vary tug with I lie locality, ami not 
appiecmhl) with the depth. 1 heexeess, o\ei the weight ol fresh watei’, is chiefly 
common salt. At 64 lbs per cubic foot, 35 cubic feet weigh 2240 lbs. Sen waler 
freezes at about 27° I'll hr. The ice IS lresh; but (especially at low tempera* 
«ures) brine may be entrapped in the ice. 

A teaspoonful of |iowdered alum, well stirred into a bucket of dirty water, 
will generally purify it sufficiently within a few hours to he drinkable. It a 
hole 3 or 4 feet deep be dug in the sand ot the sea-shore, the infiltrating water 
will usually be sufficiently flesh for washing with soap; or even for drinking. 
It is also stated that water may be preserved sweet for many years by placing 
in the containing vessel 1 ounce of black oxide of manganese’ lot each gallon 
of water. 

It is Maid that water kept in zinc tanks: m flowing through iron 
tubes galvauized inside, nipidly becomes poisoned by soluble salts ol zinc 
formed thereby; and it is lecmuinended to coat zinc' surfaces with a-phalt 
varnish to prevent this. Yet, m the city of Harthml, Conn, service pipes of 
iron, galvanized inside and out. were adopted in 1X55, at the iccomnn ndation 
of tne water commissioners; and have been m Use ever since. They are like¬ 
wise used iu Philadelphia and other cities to a eonsideraole extent * In many 
hotels and other buildings iu Boston, the “Seamless J>i,iwn Brass Tithe" of the 
American Tube Works at Boston, has for many years luen in use for service 
pipe; and has given gieat satisfaction. It is stated that the softest watei may 
be kept in brass vessels for years without any deleterious result. 

The action of lead upon some waters (even pute ones) is highly jaiison- 
ous. The subject, however, is a complicated one. An injurious uigiedient may 
be atteuded by another which neutralizes its action. Organic matter, whether 
vegetable or animal, is injurious. Carbonic acid, when not in excess, is harm¬ 
less. 

Ice may be so impure that its water is dangoious to drink. 

The popular notion that hot water freezes more quickly 
than COlu, with air at the same temperature, is erroneous. 


TIDES. 

The tides are those well-known rises and falls of the surface of the sea 
and of some rivers, caused by the attraction of the sun and moon. There are 
two rises, floods, or high tides; and two falls, ebbs, or low tides, every 24 hours 
and 50 minutes (a lunar day) ; making the average of 6 hours \2K minutes 
between high and low water. These intervals are, however, Hlllijeet to 
great variations: as are also the heights of the tides; and this not only 
at different places, but at the same place. These irregularities are owing to the 
shape of the coast line, the depth of water, winds, and other causes. Veually at 
new and full moon, or rather a day or two after, (or twice in each lunar month, 
at intervals of two weeks,) the tines rise higher, and fall lower than at other 
times; and these are called Hpring tldeM. Also, one or two days after tho 
moon is in her quarter*, twice in a lunar month, they both rise and fall less t ban 
at other times; and are then called neap tideN. From neap to spring they 
rise and fall more daily; and vice versa. The time of high water at any 

8 lace, is generally two or three hours after the moon has passed over either 
le upper or lower meridian; and is called the eNtabllMhment of that 
place; because, when this time is established, the time of high water on any 
other day may be found from it in most cases. Tin- total height of spring tides 
is generally from 1% to 2 times as great as that of neaps. The great tidnl 
wave is merely an vndulaiim, unattended by any current, or progressive motion 
Of the particles of water. Each successive high tide occurs about 24 inlnutei 
later than the nreredlmr one: and so with the low tides 
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EVAPORATION AND LEAKAGE. 


The amount of evaporation Irom surfaces of water exposed to 

the natural eltuls »t Hie <i|ieu ail. i* nfciitirse greuiei lu Mimpiei than iu muter, Aitlmugli ill-, quite 

t eiuepulile iu even the coldest weather It is gienter iu shallow water tluui m deep, ltmsmich as the 
nttuiu also Ik pomes healed b> the sun It Ik gniilur m ruuutug. than lu sluudiug water , on niuoh 
the same principle that it Is gt cuter during winds than calms. It. is piolialdu that the avcmge daily 
loos Irom a i»servoir of inuiler.ite depth, from evaporation alone, throughout the 3 wanner month* 
Of the jear, tJtiue, July, August.) rarely exceed* aliout ^ Inch, in any pait or the United State*. Or 
inch during the 51 onlder mouth*, except in the Southern States. These two aterages wotfld give 
a tally one of 15 inch , or a total anuual low» of 55 ins, or 4 It 7 ms It probably is J 5 to 4 ft. 

Hy some 1 rial* by (ho wrilor, in Hit* tropi<*N, ponds of pure water 
8 ft ill a stiff n lOlitHe clay. and fulh e\iHi*ed to a vei j !•' * "in* .i*l d n lost rii.m.r the dry sea 
soil, pm’isely 2 in* ill lt» days, «>i % 1m h jh>i day, while tin ei.n ten'■< n It - n n f, i - tun i. it wa^ 

J-4 inch |vr day. The air in that legion is highly charged with ... m.d Im .u » - Hie heavy. 

Kvery day iuiiug the Inal the tlicimnmetei reached ftnni 115 to 125'‘ iti the sun 
The total innual evaporation in seveial pnn* i * I qgl.u. 1 sine Sei.'l.ird i- staled to average from 22 
to .18 ms, at w an*, 31, Boston, Maas, 32 , many p. i> • • in il • I s h i. 'id iii> 1 lit* last would give 
a daily average of inch fur the whole year Such statements, however, are of very little value, 
unless nceompaiied by memoranda of the circumstances of the ease, such as the depth, exposure, 
slue and nntuie >f the vessel pond. Ac. which coutuius the watet Ac Sometimes the total annual 
evaporation rnuu i. district of country exceeds the rain fall, and vice versa. 


On rnnnlN, reservoirs, Ac, it i* usual to comlntie the loss by exaporation, 
with th.it by lillr.itioa The Inst is thut which soak* into the earth; and of which some portion 
passes entirely throng'i the hanks, (when in emlmukt,) and (f in very small quantity, may bedned 
up bv the sun and mi vs t.ist .is it reaches the outside, so as not to exhibit ttseli as water, but if in 
greater quantity, it heeiiaies uppurent, as Irakatjc. 


E. II. laill. C’ "E. states Hie nverng-e evaporation and filtra¬ 
tion on the Sandy and ltenver canal. Ohio. (.JS It wide at water sur¬ 
face, 26 ft at bottom. and t ft deep.) to lie tint 11 cub ft jicr mile jiet minute, in adit/ season. Here 
the exposed water surf in one mile is 200640 sq ft, and in ordei, with tins surf, to lose 13 cub ft per 
nun, or 18720 cub Tt per day Oi 24 hours, the quantitv lost must In* 1 1 , I R 1 .V[°„ ~■**!’* ft, = 1H inch lu 
depth perday Moreover, one mile of t be i'x'iii! e»nuiins in i* to cub It thnefore 11 e number of days 
teqd for the cotuhiiied tv nporatn u ami (titration to auiouut to as much as all the water in the canal, is 


— 36 davs. Observation! in w*r.m weather on a 22 mile reach of the Chenango canal, N 

1*720 

York, (40, 28, anil 4 ft.) gave fiibj cub ft prr mile per min ; or 5 times as much as In the preceding 
case This rate would empty the filial iu about * days. Besides this there was an cxeessive leakage 
at the gates of a lock. («* oulv b\ ft lift.) of 479 cub ft pet mill 22 cub ft per mile per nuu; and at 
aqueducts, and waste welr«, otheis amounting to 19 cub ft per mile pet nun The leakage at other 
locks with lift* of H ft, or less, did not exceed nhout 350 cub ft per nnu al each. On other oaual*. it 
ha* been found to b*' from 50, to 500 ft per nun On the Chesapeake and Ohio canal, (where 60, 32. 
and 6 ft,) Mr. Fisk, C K estimated the Lm bv evap and flltriition in 2 week, of warm weather, to be 

equal to all the water in the ciinui. Professor Rnnkine assumes 2 ins per 
day. for leakage of canal bed. and evaporation, on English 

canals. J It Jervis. O K. estimateil the loss from evap, filtration, and leakage through look- 
gales, on the original Fne e.inal, (40, 28. mid 4 ft,’, at 100 cub ft per nnle jier min . or 144(100 cub ft 
per dav The water surf in a mile is 211200 *q ft; therefore, thedailv loss would lie equal to a depth of 

tin the Delaware division of the Pennsylvania canals, when 

the supplv is temporarily shut off from any long reach, the water falls from 4 to 8 me per day. The 
filtration will of course lie much greater on enthankts, than in cuts In some of oui canals, the depth 
at high embankts becomes quite considerable , the earth, from motives of economy not being filled in 
level under the bottom or the canal, hut merelv eft to foim it* own natural slope* Atouespotat 
least, on the (’he* and Ohio canal, where one side Is a natural face of vertical rock, tbi* depth is 40 
ft Much depth* increase the leakage very greatly ; especinllv when, as is frequently the case theem- 
banki* arc not puddled. *nd the praotloe is not to be commended, for other reaaons *Im> 


The tot»l average loss from reservoirs of moderate depths, 

in case the earthen dams be constructed with proper care, and well settled bv time, will not exoeed 
about from >*, to 1 inch per day , but in new ones, it will usually be considerably greater. 

The loss from ditches, or channels of small area, i* much 

greater than that from nuv Ignhlc canals, so that long canal feeders usually deliver but a small pro¬ 
portion of the water which enter* them at their head* 
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MECHANICS. ‘ FORCE IN RIGID BODIES. 

■*«» 


|u the following pages we endeavor to make clear a few elementary principle* 
of Mechanics The opening articles are devoted chiefly to th- euhjoct of matter in 
motion; for. while an acquaintance with this is perhaps not absolutely required in 
obtaining a working knowledge of those principles of .Statics which enter no largely 
into the computations of the civil engineer, yet it must fie an important aid u> their 
intelligent appreciation. 


Art. 1 (ah Mechanics may be defined as that branch of science which 
treats of tlie effects of force upon matter. 

Tins broad definition of the woid - Mechanics” includes hydrostatics, hydraulics, 
pneumatics etc., if notalBO elect! icity, optics, acoustics, and indeed all branches of 
physics; but we -ha'l here confine ourselves chiefly to the consideration of the action 
of extraneous foices upon bodies supposed to be rvjul or incupable ot change of shape 

(b) Mechanics is divided into tw > In am hes, namely; 

Kinematics; or the study of the motions of bodies, without reference to the 
causes of m itioti; and 

Dynamics, or the study of force and its effects. 

The laiter is Bub-divided into 

Kinetics; which treats of the relations between force and motion; and 

fttaticHt which considers those sp-ciai, bur very numerous esses, where equal 
and (giposite forces counteract each other aud thus destroy each othei’s motions. 

Art £ (a). Matter, or substance, may be defined a* whatever occupies space; 
as msta , stone, wood, water, air, steam, gas. etc. 

(b) A body is any portion of matter which is either more or less completely 
separated in fact from all other matter, or which we take Into consideration by itself 
and as if it were so separated. Thus, a stone is a body, whether it be f.illiug through 
the air or lying detached upon the ground, or built up into a wall. Also, the wall is 
a body; or, if we wish, we may consider any portion of the wail as any particular 
cubic foot or inch in it, as a body. The eaitli and the other planets are hodiis and 
their smallest atoms ate bodies. 

A train of cars may be regmded as a body; as may also each car, each wheel or 
axle or other part of the car, each passenger, etc., etc. 

Similarly, the ocean is a body, or we m.iv tako as a body any portion of it at pleas¬ 
ure, such us a cubic foot, a certain bay, a drop, etc 

(c) But in what follows we shall (as already stated) consider chiefly rigid bodies; 
». e. bodies which undergo no change in shape, such as by being crushed or stretched 
or pulled apart, or penetrated bv another hody. All actual bodies are of coivse more 
or less subject to some such changes of shape; t. e , no body i* in fact al»solntely 
rigid; but we may properly, for convenience, suppose such bodies to exist because 
many h .dies an* so nearly rigid that under ordinary circumstances they undergo 
little or no change of shape, and hecau«e such change as does occur may be con¬ 
sidered under the distiuct head of Strength of Materials 

(d) Bat while bodies are thus to be regarded as incapable of cliangp of form, it is 
squally important that we regard them as susceptible to change of position hh wholes. 
Tima, they m*y he upset rr turned around horlvontnllv or in any other direction, or 
moved along in any straight or curved line, with or without turning around a point 
within themselves. In short they are capable of motion, as wholes. 
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Art. 3 (a). Motion of a body is chango of its position in relation to another 
body nr to some real or imaginary point, which (for convenience) we reyard ns fixed, 
or at rent. Thus, while a stone falls fron. a roof to the ground, its position, relatively 
to th** root is constantly changing, a- ib aNo that relatively to the ground ami that 
relatively to any given point in the wall; and we say that the stone is in motion rela¬ 
tivity to « it lor of time bodies , or to ant ihjiiiI in them Hut if two stones, A and B, 
fall fii>ni the roof at 'lie same instant and reach the k round at the same (subsequent) 
instant, we say that although each niov-s, relatively to roof and gionnd, yet they 
have no motion relatively to each other; *>r, they are nt rest relatively to each other; 
foi their jMieitiou m regard to each othei does not change; t e , in whatever direction 
and at whatever dixtance stone A may he from btone It at the time of starting, it 
remains in that same direction, and at that same distance from B duting the whole 
time oi the fall. Similaily, the roof, the wall and the ground aie at re-t relatively 
lo each other. \et they are m motion lelativelv to a tailing stone They are also in 
motion lelativelv to the mid owing to the eaith’s daily rotation about its axis, and 
its annual movement mound the sun. 

(fo) If a tiaiu-man walks toward the rear along the top of a freight train just as 
faxt as the train moves foiward lie is in motion relatively to the train; bnt, as a 
whole, he is at rent relatively to buildings. etc. neai by; for a spectator, standing at 
a little distance from the iiac k. secs him continually opposite the same part of such 
building etc. If the man on th© train now stop** walking, he comes to rest relatively 
to the tram , but at the same time comes into motion relatively to the stirrounding 
buildings , etc., for u.o spectator sees him begin to nn-ve along with the tiain. 

(©) Since we know of no absolutely fix' d point in space we cannot say, of anj 
bodv, what it* absolute motion is Consequently we do not know of such a thing as 
absolute rest, and are safe in saying that all bodies aie in motion. 

Art. 4 {*). The velocity of a moving body is its rate of motion. A body (a* a 
railroad tram) is said to move with uniform velocity, or constant velocity, 
when the distance s moved ovei in equal times are eijual to each other, uo matter how 
small those times may be taken. 

(b) The velocity is expressed by stating the distance passed over during some 
given time, or which would he passed ovr during that time if the uniform motion 
continued so long Thus, if a railroad train, moving with constai t velocity passes 
over 10 miles in half an hour, we may say that its velocity. during that time, is 
(i e that it moves at the rate of) 2<> miles per hour or l0f.,G<K> feet per horn, or 1760 
feet per minute, or 29% feet per second Or, we may, If desirable, say that it moves 
at the rate of 10 miles'm half sn hour or 8* fe*t in three seconds, etc.; bnt it is 
generally more convenient to'state the distance passed over in a unit of time, as in 
one day me hour, one second, etc. 

(©) If, of two trains, A and B. moving with constant velocity, 

A moves 10 miles in half an hour, 

B moves 10 miles in quarter of an hour, 

then the velocities are, 

A, 20 miles per honr, 

B, 40 anil* s per hour. 

In other words, the velocity of a body (which may be defined as the distance passed 
over in a given time) i« inversely as the time requited to pa-s over a given distance, 

(d) By unit velocity is meant that velocity which, by common consent is taken 
as equal* to unity or one Where English mensmefl are used, the unit velocity gen¬ 
erally adopted in the study of Mechanics is 1 foot per second. 

(e) When we say that a bodv has a velocity of 20 miles per hour, or 10 feet per 
second etc. we do not imply that it will necessarily travel 20 miles, or 10 f.et. etc.; 
for it may not have sufficient time for thHt. We mean merely ’hst ft is traveling at 
the rate of 20 mil's per hour, or 10 feet per second, etc ; so that if V continued to move 
at that same rate for an hour, or a second, etc., it would travel 20 miles, or 10 feet etc. 

(f ) When velocity increases it is said to be accelerated. When it decreases . 
it is said to he retarded- If the acceleration or retardation is in exact proportion 
to the time; that is, when rinrnit any and every equal interval «f time, the same degree 
of Change tikes place, it is uniformly accelerated, or retai ded. When otherwise, the 
words variable and variably me u-ed. 

(k) A body may have at the same time, two or more Independent veloci¬ 
ties requiring to be considered. For instance, a ball fired vertically upwaid from a 
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gun, and then falling again to the earth, has, timing the whole time of Its rise and 
fall, (1st) the uniform upwind velocity with which It loaves the muzzle, and (2nd) 
the continually accelerated downward velocity given to It by gruvity, which acts upon 
it during the whole time. Its resultant (or apparent) velocity at any moment is the 
difference between these two. 


Thus, immediately after leaving the gun, the downward velocity giren by 
gravity is very small, and the resultant velocity is therefore upward and very 
nearly equal to the whole upward velocity due to the powder. But after awhile 
the downward velocity (by constantly increasing) becomes equal to the upward 
velocity; t. e., their difference, or the resultant velocity, becomes nothing; the ball 
at that instant stands still; but its downward velocity continues to inciease, and 
immediately becomes a little greab-r than the upward-velocity, then greater and 
greater, until the ball strikes the ground. At that instant its resultant velocity is 


-I 


the downward velocity which it would 
have acquired by falling during the 
•whole lime of its rise and Jail. 



the uniform upward 
velocity given by the 
powder. 


We have here neglected the resm’ame of the air, which of couiae retards both 
the ascent and the descent of the ball 


(li) As a further illustration, regard abnc as a raft drifting in the direction 
ea or nb. A man on the raff walks with timfonn velocity iiom comer n to 
corner c while the raft drifts (with a uniform velociiv a 
little greater than that of the man) through the distance u b. 

Therefore, when the man reaches comer c, that corner has 
moved to the point which, when bestaited, was occupied by 
a. The man’s resultant motion, relatively to the bed of the 
river or to a point on shore, has therefore been v a. His 
motiou at right, angles to n a, due to his walking, is t c, but 
that due to the drifting of the raft is o b. The-e two are 
equal and opposite. Hence his lesnltant motion at right 
angles to n a is nothing; he docs not move from the line no. 

His walking moves him tluough a distance equal to n i, in the direction n a: 
aud the drifting through a distance equal to t a, and the sum of these two is n a. 

(i) All the motions which we see given to bodies are but changes in tlieir unknown 
absolute motions. For convenience, we imy confine our attention to some one or 
more of thes- changes, neglecting others. 



Thus, in the case of the ball fired upward from a gun (see (g) above) we may 
neglect its uniform upward motion and consider only its constantly accelerated 
downward motion umiei the action of gravity, or, as is more usual we niav consider 
only the resultant or apparent motiou. which is first upward and then downward. In 
both cases we neglect the motious of the ball caused by the several motions if 
the earth iu space. 


Art. 5 (a). Force, the cause of change of motion. Suppose iT 
perfectly smooth ball resting upon a perfectly hard, fiictiouless and level surface, 
and suppose the resistance of the air to be removed. In ordc. «.«« merely more the 
ball horizontally (». e., to set it in motiou—to change its suite of motion) some force 
Bust act upon it. Or, if such a ball were already iu motiou, we could not retard, 
it hasten it, or turn it from us patli without exerting force upon it. For. os stated 1 
In Newton’s first law of motion, “every body «-.ontinues in its 
State of rest or of motion in a straight line, except in so far as it may be com¬ 
pelled by impressed forces to change that state.” On the other hand, if a force sets 
apon a body, the motion of the body must undergo change. 


(b) Force 1« an action between two bodies, tending either to 
separate them or to bring; them closer together. For instance, when 
7 Btone falls to the ground, we explain the fact by Baying that a force (the attraction 
of gravitation) tends to draw the earth and the stone together. 

Magnetic and electric attraction, and the cohesive force between the particles of a 
}ody, are other instances of attractive force, 

(c) Fore* applied by contact. In practice we apply force to a body (B) 
by causing contact between it and another body (A) which has a tendency to motion 
teward B. A repulsive force is thus called Into action between tin* two bodies (io 
some way which we cannot understand), and this force pushes B forward (or In tb* 
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direction of A's tendency to move) and pushes A backward, thus diminishing Its for¬ 
ward tendency * 

If, for Instance, a stone be laid upon the ground. It tends to move downward, but 
does not do so, because a repulsive force pushes it and the earth apart just as hard as 
the force of gravity tends to draw them together. 

Sirnlluily, when we attempt to lift a moderate weight with our hand, we do so by 
giving the hand a tendency to move upward. If the hand slips from the weight, 
this tendenn moves the hand rapidlv upward before our will force can check It. 
But otherwise, the repulsive force, generated hv contact between the hand (tending 
upward) and the weight, moves the latter upward In spite of the force of gravity, 
and pushes the hand downward, depriving it of mmli of the upward velocity which 
It would otherwise have. It is perhaps chiefly from the effort, which we are 
conscious In such cases, that wo derive our notions of “force.*’ 

When a moving billiard ball, A, strikes another one, B, at rest, the tendency 
of A to continue moving forward is resisted by a repulsive force acting between it 
and B. This force pushes B forward, and A backwaid, retarding its former velocity. 
As explained in Ait. 23 (a), the repulsive force docs not exist in either body 

until ih«* two meet. 

(d) The repulsive force thus generated by contact between two bodies, continues to 
act only so long as tin y remain in contact, and only so long as they tend (from 
some extraneous cause) to come closer together. 


(c) Force acta either as a pull or as a push. Thus, when a weight 
is suspended by a hook at the t nd ot a rope gravity pulls the weight downward, the 
weight pushes the hook, and the hook pulls the rope, each of these actions being 
accompanied, of course, by its corresponding and opposite ‘‘reaction.” When two 
bodies cbllide, each pushes the other, generally for a very short time. 

(f) Equality of action and reaction. A foice always exerts itself equally 
upon the two bodies between which it acts. Thus, the force (or attraction) of 
gravitation, acting between the earth and a stone, draws the earth upward just as 
hard as it lira ws the stoue downward; and the repulsive force, acting between a 
table and a stone resting upon it, pushei> the table and the earth downward just as 
hard as it pushes the stone upward This is the fact expressed by Newton’s 
third law of motion, that “to every action there is always an equal and 
contrary reaction ” For measures of force, see Arts. 11,12,13. 

If a ennnon bull in its flight cuts a leaf from a tree, we say that the leaf has reacted 
against the ball with precisely the same force with which the ball acted against the 
leaf. That degree of force was sufficient to cut off a leaf, but not to arrest the ball. 
A ship of war. in tunning against a canoe, or the fist of a pugilist striking his 
opponent in the face, leceives as violent a blow as it gives; but the Bame blow that 
will upset or sink a canoe, will not appicctably affect the motion of a ship, and the 
blow which may seriously damage a nose, mouth, or eyes, may have no such effect 
upon hard knuckles. 

The resistance which an abutment opposes to the pressure of an arch; or a retain- 
ing-wall to the pressure of the earth behind it, is no greater than those pressures 
themselves; hut the abutment and the wall are, for the sake of safety, made capable 
of sustaining much greater pressures, in case accidental circumstances should pro¬ 
duce such. 

(jf) In most practical cases we have to consider only one of the two bodies 
between which a force acta. Hence, for convenience, we commonly speak as if the 
force were divided into two equal and opposite forces one for each of the two bodies, 
and confine our attention to one of the bodies and the force acting upon it, neglect¬ 
ing the other. Thus we may speak of the force of steam in an engine as acting 
upon the piston, and neglect its equal and opposite pressure against the head of 
the cylinder 

(h) That point of a body to which, theoretically, a force is applied, is called the 
point of application. In practice we cannot npply force to a point, according 
to the scientific meaning of that word; but have to apply it distributed over an ap¬ 
preciable area (sometimes very large) of the surface of the body. * 


* We ordinarily express all this by saying simply that A pushes B forward, and this 
Is sufficiently exact for practical purposes; but it is well to recognize that it is merely 
a convenient expression and does not fully Btate the facts, and that every force neees- 
tartly consists ox two equal and opposite pulls or pushes exerted between two bodlea. 




For the present we shall assume that the line of action of the force passes 
through the center of gravity of the body and forms a right angle with the sur¬ 
face at the point of applies ion. 

Art. 7 (ta). Acceleration. When an unresisted foice. acting upon a body, 
«'*t8 it in motion (i. e.. gives it velocity) in the duccUon of the force, thiB velocity 
mere me* as the force continue to act; each equal int> rvul of time (if the torn 
remains constant) bringing its own equal increase of velocity. 

Thus, if a stone be let full, the force of gravity gives to it, in the first in¬ 
conceivably short interval of time, a small velocity downward. In the next equal 
interval of time, it adds a second equal velocity, and so on, so that at the end of 
the second interval the velocity of the stone is twice as great, at the end of the 
third interval three times as great, as at the end of the first, one, and so on. We 
may divide the time into as small equal intervals as we please. In each such 
interval the constant* force of giavity gives to the stone an equal increase «d 
velocity. 

Such Increase of velocity is called accelcration.t When a body is thrown vertically 
upward, the downward acceleration of gravi y appears as a retardation id tin- upward 
mo ion. Wh n a firce thus acts against the motion under cousid< latiou, its tucelera- 
tion is culled negative. 

Art. 8 (a). The rate of acceleration t is the acceleiation which taker 
placa t'» a given time, as one second. 

(b) The unit rate of acceleration is that which adds unit of vilocdy In a 
unit of time; or, where English measures are ii-od. one foot pet secoud per second. 

(c) For a given rate of acceleratio", the total accelerations are of course piopor- 
tionsl to the times dutiug which the velocity imr uses at (hot iate 

Art 9(a). Laura of acceleration. Suppose two blocks of ii on, one (which 
wo will call A) twice as large as the other («), plm cd each upon a pmfectlv ii u tionleas 
and horizontal plan**, so that in moving them hori/.outully wo are opposed by n > lurce 
tending to hold them still. Nu\vuppl\ to each block, 

through a spring balance, a pull su-h as will hoop the pointer of e.i< h Italance always 
at the came mark, as, for instance, const uUly .it 2 m both balatueh. We thus have 
equal forces acting up in unequal masses | Here the iate ot ms deration of a it 
double that of A; for when the forces are equal the rates of accelera- 
railou are Inversely as the masses. 

In other words, in one second (or in any other given time) the small him k of iron, 
«, wi’l acquire twice the increase of vdmd> that A (twi. o as lai-re) will mquiie so 
that if both blocks start lit the s uue time from a slate of rest, the Mimlh-r o«e, a, will 
have, at the end of any given tune, tvi< e the t •■locity of A, which has tv i- n its mass 

(b) Again, lot the two nuisscs A and a, bo equal, but let the fame emt<d upon r 
be twieo that exerted U|M»n A. Then the rate of iiccch-ration of a w ill (as before) be 
twice that of A ; for, when the masses are equal, the rates of accelera- 
ratlon are directly as the forces. 

(<*) We thus arrive at the principle that, in any case, (lie rate of accel¬ 
eration In directly proportional to the force and Inversely 
proportional to the man*. 


*We h«re speak of the force of gravity, exerted in » given place. a« constant. 
becaus 1 ' if is so for all practical purposes. Strictly speaking, it increases a very little 
as the stone approaches the eaith 

t Since the rat' of acceleration is generally of greater consequence, in Mechanics, 
than the total acceleration, or the “acceleration” proper, scientific writers ffor the 
sake of lirivity) use the term “acceleration” to denote that rate . and the term 
“total acceleration” to denote the total increase or decrease of velocity occurring 
during anv given time. Tims, the rate of acceleration of gravity (about 32.2 ft. per 
second per second) is called, simply the “ar-eleration of gravity.” As we Bhsll not 
have m u-e either expression very frequently wo shall generally to avoid mi-appre¬ 
hension, give to each idea its full n-ime; thus, “total acceleration” for the whole 
change of velocity in a given case, and “ rate of acceleration ” for the rate of that 
change. 

t The mass of a body Is the quantity of matter that it contains. 
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(d) Hence, if we make the two forces proportional to the two masses, tne raws 
of acceleration will be equal; or, for a ftven rate of acceleration, the 
forces must be directly as the masses. 

(c) Hence, also, a greater force is required to Impart a given velocity to a given 
body in a short time titan to impart the same velocity in a longer time. For instance, 
the forward coupling links of a long train of care would snap instautly under a pull 
sufficient to give to the tram in two seconds a velocity of twenty miles per hour, sup¬ 
posing a sufficiently powerful locomotive to exist. Iu many such cases, therefore, we 
have to be contented with a slow, instead of a rapid acceleration. 

A string may safely sustain a weight of one pound suspended from our hand. If 
we wish to impart a great upward velocity to the weight in a very short time, we evi¬ 
dently can do so only by exerting upon it a great force; in other words, by jerking 
the string violently upward. Hut if the string lias not tensile streugth sufficient to 
irausmit this force from our hand to the weight, it will break. We might safely 
give to the weight the deiired velocity by applying a less fores during a longer time. 

(f) When a stone falls, the force pulling the earth upward is (as remarked above) 
equal to that which pulls the stone downward, but the mars of the earth is so vastly 
greater than that of the stone that its motion is totally imperceptible to us, and 
would still be so, even if it were not counteracted by motions in other directions 
In other parts ot the earth. Hence we are practically , though not absolutely, right 
when we say that the earth rnmains at rest while tin* stone falls. 

(g) But in the case of the two billiard balls (Art. 5c p. 333), we can clearly see 
the result of the action ot the lorce upon each of the two bodies; for the second 
ball, B, which was at rest, now moves forward, while the forward velocity of the 
*lrst one. A, is diminished or destroyed, its backward motion thus appearing as a 
retardation of its forward motion. And, (since the same force acts upon both balls) 

mass mass rate of acceleration . rate of negative acceleration 
of A : of B :: of B • of A 

or (since tlie force acts for the Bame time upon both balls) 

mass mass forward velocity . loss of forward velocity 
of A : of B :: of K of A 

(b) Remark. A man cannot lift a weight of 20 tons; but if it be placed upon 
proper friction rollers, he can move it horizontally, as we see in some drawbridges, 
turntables, Ac.; and if friction and the resistance of the air could be entirely removed, 
be could move it bv a single breath; and it would continue to move forever after the 
force of the breath had ceased to uct upon it. It would, however, move very slowly, 
because the force of the single breath would have to diffuse itself among 20 tons of 
matter He can move it, if it be placed in a suitable vessel in water, or if suspended 
from u long rope. Apowerful locomotive that may move 2000 tons, cannot lift 10 tons 
vertically. 

If we imagine two bodies, each as large and heavy as the earth, to be precisely 
balanced in a pair of scales without friction, a single grain of Band added to either 
.rale-pan, would give motion to both bodies. 

Art. 10 (a). The constant force of gravity is a uniformly accelerating force 
when it arts upon a body falling freely ; for it then increases the velocity at the uni¬ 
form rate of .322 of a foot per second during every hundredth part of a second, or 32.2 
feet per second in every second. Also when it acts upon a body moving down an in¬ 
clined plane; although in this case the increase is not so rapid, because it is caused 
by only a part of the gravity, wliile another part presses the body to the plane, and a 
third part overcomes the friction. It is a uniformly retarding force, upon a body 
thrown vertically upward; for no matter what may be the velocity of the body 
when projected upward, it will lie diminished .322 of a foot per second in each 
hundredth part of a second during its rise, or 32.2 feet per second during each 
entire second. At least, such would be the case were it not for the varying resistance 
of the air at different velocities. It Is a uniformly straining force when it causes a 
body at rest, to press upon another bodv; or to pull upon a string by which it is 
suspended The foregoing expressions, like those of momentum, strain, push, pull, 
lift, work, Ac , do not indicate different kinds of force ; but merely different kinds of 
effects produced by the one grand principle, force. 

(b) The above 32.2 ft per second per second is called the accelera¬ 
tion of gravity* and customarily denoted by a small g; or, more cor¬ 
rectly speaking, since the acceleration is not precisely the same at all 
parts of the earth, g denotes the acceleration, whatever it may be, at 
any particular place. 
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Art. 11 (a). Relation between force and mas it. The mass of a body 
is the quantity of matter which it contains. One cubic foot of watoi lias twice 
as great a mass as half a cubic foot of water, but a lest mass than one cubic 
foot of iron. Thus, the size of a body is a measure of mass between bodies 
of the same material, but not between bodies of different materials. 

(b) When bodies are allowed to fall freely in a vacuum at a given place, 
they are found to acquire equal velocities in any given time, of whatever 
different materials they may be composod. From this wo know (Art. 9(d), 
p.335), that the forces moving them downward, viz.: their respective weight$ 
at that place, must be proportional to their masses. 

Thus, tn any given place , the weight of a body is a perfect measure of its mass. 
But the wciqht of a given body changes when tho body is moved from one level 
above the sea to another, or irom one latitude to another; while the mass of 
the body of course remains the same in all places. Thus, apiece of iron which 
weighs a pound at the level of the sea, will weigh less than a pound by a spring 
balance, upon the top of a mountain close by, because the attraction between 
the earth and a given mass diminishes when the latter recedes Irom the earth’s 
center. Or if the piece of iron weighs one pound near the North or South 
Pole, it will, for tho same reason, weigh less than a pound by a spring balance 
if weighed nearer to the equator and at tho same level above the sea 
The difference in the weight of a body in different localities is so plight as 
to be of no account in questions of ordinary practical Mechanics;* but 
scientific exactness requires a measure of mass which will give the same 
expression for the quantity of matter in a given body, wherever it may 
be; and, since weighing is a very convenient, way of arriving at the quantity 
of matter in a body, it is desirable that we should still lie ablo to express the 
mass in terms of the weight Now, when a given body is carried to a higher 
level, or to a lower latitude, its loss of weight is simply a decrease in the/ores 
with which gravity draws it downward, and this same decrease also causes 
a decrease of the velocity which the body acquires in falling during any 
given time. The change m velocity, by Art. 9 (6), p. 834, is necessarily propor¬ 
tional to the change in weight 

Therefore, if the weight of a body at any place be divided by tho velocity 
which gravity imparts in one second at the same place (and called k, or the 
acceleration of gravity for that place), the quotient will be tlie Bume at all places, 
and therefore serves as an invariable measure of the mass. 

(c) By common consent, the unit of mass, in scientific Mechanics, is said 
to be that quantity of matter to which a unit of force can give unit rate of 
acceleration. This unit rate, in countries where English measures are used, 
is one foot per second, per second, ltrcmams then to adjust the units of fores 
and of mass. Two methods (an old and a new one) are in use for doing this. 
We shall refer to them here as methods A and B respectively. 

(d) In method A, still generally used in questions of statics, tho unit 
or force is fixed as that force which is equal to the weight of one pound iu a 
certain place; i. the force with which the earth at that placo attracts a 
certain standard piece of platinum called a pound; and the unit of mass is 
not this standard piece of metal, but, as stated in (c), that mass to which this 
unit force of one pound gives, in one second, a velocity of one foot per second. 
Now the one pound attraction of the earth ujwn a mass of one p mud will 
(Art. 1, p. 830) In one second give to that mass a velocity g or ahout 32 feet 
per second; and (A rt 9 ( a ), p. 834), for a given force the masses are inversely as 
the velocities imparted m a given time. Therefore, to give in one second a 
velocity of only one foot per second (instead of g or aliout 32) tho one pound 
unit df force would have to act upon a mass g times (or about 82 times) that 
which weighs one pound. 

This could be accomplished, with an Atwood’s machine, Art. 16 (c), p. 339, 
by making the two equal weights each = 15% lbs. and the third weight =» 1 lb. 


♦The greatest discrepancy that can occur at various heights and latitudes, 
by adopting weight as the measure of quantity, would not be likely to exceed 
1 in 800; or, under ordinary circumstances, 1 in 1000. 
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By method A, therefore, the unit of mass is g times (or about 32 times) the 
mass of the standard piece of metal called a pound; i. e. t a body containing 
one such unit of mass weighs g lbs. or about 32 lbs.; or, by method A, 

the weight of any givon body ^ v the mass of the body, 
in lbs. in units of mass. 


the mass of a body, in units of maaa . 
For instance; 

in a body weighing 
pound 

1 M 


t the weight of t h e body, in \ 
9 

the mass is about 
^ unit of mass 

l 1 2 

1 “ “ 


It has been suggested to call this unit of mass a '* Matt.** 

(e) In method B, the mass of the standard pound piece of platinum is taken 
as tho unit of mass and is called a pound; and the force which will give 
to it in one second a velocity of one toot per second is taken as the unit of force. 
This small unit of force is called a poundal. In order that it may in one 
second give to tho mass of one pound a velocity of only one foot per second, it 
must (by Art. 9 6), Ik: ^ or alxnit ^) of the weight of said pound mass. 

Hence, hy method B, 

, _._„ the weiqht of the body in poundal* 

tho mass of any given body, in pounds —- z -£- £—■ — ~ 


the weight of a body, in poundals — gX the mass of the body in pounds. 
For instarce; 

in a body weighing the mass of the body Is about 

poundal — ^ pound ^ pound 

» “ -h “ A “ 

* “ -iV “ V “ 

82 “ — 1 “ 1 “ 

«| «* — 2 ■ 2 “ 

(f) In the €. G. 8. (rentimeter-gram^econd) system, a force of 
1 dyne, acting, for 1 second, upon a mass of 1 gram, gives it a velocity of 
1 centimeter per Necond. See also An. 17 (»>), 1> 341. 

Art. 12 (»). Tbe product, force X time, is called impulse. The product, 
mass X velocity, is called momentum. 

According to Biewlon'N second law ol* motion, 

Force X time = tnasav velocity 1 ft*= mv m 

or Impulse -- momentum* j •' ....... V 1 

impulse mass X velocity momentum me 

horee -• - - - — — . — ; or / = —— ... ( 2 ) 

time time tune t 


impulse mass X velocity momentum 
foice fmec force ’ 

momentum force > tune impulse __ 
velocity velocity velocity’ 

momentum force X time impulse 


or / = ... (2) 

or t = * *!. . . (8) 


or v ~ -* ... (6) 


♦Strictly, impulse change of momentum ; but we hereassuuie that theebang* 
is from or to a state of test, so that momentum — change of momentum. 
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Let a force,/, of 3*0 poundala (-^ say 10 pounds *) act, for 3 seconds, 
upon a mass, m, of 5 lbs. (= say %2 matt). Here the force,/, is twice the 
weight of the mass, m. Hence the acceleration will be twice that of gravity, 
i. e., say 64 ft per sec per sec; and the velocity, generated in 3 secs, will be 
3 X 64 -,192 ft per sec; and we have, from Eq (.1): 

f. t — m . r 


Force X time - impulse mass X velocity momentum 

320 pdl X 3 sec 960 pdl-sec 5 lbs. X 192 ft./sec 960 ft-lb/sec 

10 pd X 3 sec — 30 pd-sec - matt a 192 ft, sec 30 ft-matt/seo 


From Eq (2) we see that force timet rat« of change of mo¬ 
mentum. Hence the momentum of a body, moving with a given veloc¬ 
ity, is numerically equal to that force which, m unit tune, can produce or 
destroy that velocity in that body. Thus, force* are proportional to the 
momentums which they can produce (or destroy) m a given time; or, in 
a given time, equal forces produce (or destroy) equal momentums. There 
fore a force must always produce equal and opposite changes of momentum 
in the two bodies between which it. acts. See Art. 5 (b). 

If a force, f, whose amount is 10 poundals, act upon a mass, m, of 5 
lbs,* its intensity is *% — 2 poundala per lb.* A force of given intensity 
will always produce its proper rate of acceleration f, or time rate of change 
of velocity. Thus: 

a force intensity of 1 pdl per lb* produces an accel., a, of 1 ft'^ec'sec. 

.. . 2 . . . 2 

'* " “ *' * " .g 

The intensity (or acceleration) of gravity, or the acceleration 
produced, in any mass, by its weight, is called g, ana at sea level is about 
32.2 feet, or 981 centimeters, per second per second. See p 348. 


Art. IS (a). A force in commonly measuml by ascertaining the 
amount of some other force which it can counteract. Thus, a spring bal¬ 
ance gives, by its scale, the amount of the tension, in the spring, which 
just counterbalances the weight of the suspended mass. Thus, force* 
are conveniently expressed by weights. 

A force may be constant, as that of gravity between the earth and 
a stone resting upon it. It may vary regularly, like the pressure of 
air compressed by a piston moving with constant velocity, or it may 
vary irregularly, as where the motion of such a piston is irregular. 
We shall deal only with forces supposed to be constant. 

Art. 14 (a). Density. The densities of materials are proportional to 
the masses contained in a given volume, as a cubic inch; or inversely as the 
volume required to contain a given mass. Or, since the weights at a given 
place are proportional to the masses, the densities are proportional to the 
weights per unit of volume (or “specific gravities") of the materials Thus, 
a body weighing 100 tbs. per cubic foot is twice as dense as one weighing 
only 50 lbs. per cubic foot at the same place. 

Art. 15 (a). Inertia. The inability of matter to set itself in motion, oi 
to charge the rate or direction of its motion, is called its inertia, or inert¬ 
ness. When we say that a certain body has twice the inertia (inertness) of 
another one, we mean that twice the force is required to give it an equal 
rate of acceleration; and that, since all force (Art. 5 /) acts equally in both 
directions, we experience twice as great a reaction (or so-called “resistance") 
from the larger body as from the smaller one. The “ inertia" of a body is 
therefore a measure of the force required to produce in it a given rate of 
acceleration; or, which is the same thing, it is a measure of the mass of the 
body. We may therefore consider “inertia” and “mass” as identical. 

(b) What is called the “resistance of inertia" of a body, is simply the 
reaction (t. «.. one of the two equal and opposite actions) of whatever force 
we apply to the body. Hence, its amount depends not only upon the mass 
of the body, but also upon tne rate of acceleration which we choose to 


* In order to distinguish between the pound of mass and the pound oi 
force (weight of a pound of mass at sea level), we here use “pound" or 
“pnd" or “pd" for the pound of force, aud “lb" for the pound of mass, 
“pdl" for poundat. 

+ Kaa foot-note t. P 334. 
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give to it Therefore we cannot tell, from the mass or weight of a body alone, 
what its “ resistance of inertia” in any given case will be. 

Art. 16 (a). Force* In opposite direction*. When two equal and 
opposite forces act upon a body at the same time, and in the same straight line, 
wesay that they destroy each other’s tendencies to move the body, and it remains 
at rest. If two unequal forces thus act in opposition, the smaller force and an 
equal portion of the greater one are said to counteract each other in the same 
way, but the remainder of the greater force, acting as an unbalanced or unresisted 
force, moves the body in its own direction, as it would do if it were the only 
force acting upon it. 

Thus, when we move bodies, in practice, we encounter not only the “resist¬ 
ance of inertia” (i. e., we not only have to exert force in order to move inert 
matter), but we are also opposed by other forces, acting against us, as friction, 
the resistance of the air, and, often, all or a part of the weight of the body. By 
*• resistances,” in the following, we mean such resisting/orces,aud do not inclode 
in the t erm the “ resistance of inertia." 


(b) If separated, the two bodies, A and B, of 8 lbs and 2 lbs respectively, would 
fall with equal accelerations = g; each unit, , of mass being acted upon by ita 

own weight, W. But, connected as they are, A will 
move downward, and B upward, with an acceler¬ 
ation -= only f; for now an unbalanced force of 


JfcM- 


ouly 3 — 2 --- 1 lb must give acceleration to a mass 

of 1 But, to give to a mass, B, of ^, an 

S " 


T-2.4 




[T-2.4 

2 


accel of g, requires a force of ^ ® lb = 0.4 lb. - 

This, plus 2 lbs (required to balance the weight of \ ® 

B) is the tension, 2.4 lbs existing throughout the 
cord. Exerted at A, this tension balances 2.4 of 

the 3 ft>s weight of A. The remainder (3 — 2.4 = 0.6 lb) of the weight, acting 

3 tv 

downward upon the mass, , of A, gives to it the required acceleration of 

for I,ere f " r -5- e - 0.6 ? _Vf = - 0.2 g = * 

mass g 3 5 

Or we may regard the total tension, 2.4 lbs, in the cord at A, as acting upon A 
and giving to it a negative or upward acceleration of 2.4 -s- 3 = 0.8 g, which, 
deducted from g (the acceleration which A would otherwise have) leaves 
Accelerat ion = g — 0.8 g = 0.2 g = 

Let W weight of A 
w = weight of B 

F — net force available for acceleration - W — w 
W + w 
g ~ 

= mass of B ~ • 
g 


M •= combined mass of both bodies = 


a — accelerat ion 
T — tension in cord. 

- K , ('V 


M 


T = w + in a = w f 


, ~ gfW 

W + * 


gJW-w) 
W + w 


(c) An “ Atwood’s Machine” consists essentially of a pulley, a flexibs* 
cord passing over the pulley, two equal weights (one suspended at each end of 
the cord), and a third weight, generally much lighter than either of the other 
two. The two equal weights balance each other by means of the pulley and 
cord. The third weight is laid upon one of the other two weights. The fore© 
of gravity, acting upon the third weight, then sets the masses of the three 
weights in motion at a small but constantly increasing velocity. In order to d« 
this it must also overcome the friction of the pulley and cord, and the rlgiditj 
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of the latter; but, as these are made as slight as possible, they are, for con. 
vemeuee, neglected. The machine is used for illustrating the acceleration given 
to inert matter by unbalanced force, and forms an excellent example of the two 
distinct duties which a moving force generally has to perform, viz: (1st) the 
balancing of resistance, and (2nd) acceleration. 

(d) In the case of a locomotive, drawing a train on a level, fric¬ 
tion and the resistance ot the air are the only resistances to he balanced ; for the 
weight of the train here opjntses no resistance. L'nless the force of the steam is 
jnorethan sufficient to balance the resistances, ll cannot move the train. If it 
exceeds the resistances, the execss, howe\er slight, gives motion to the iaert 
matter of the tiaiu. If, at any moment while Ihe tiain is moving, the force of 
the steam becomes just equal to the resistanets (whether by an increase of the 
latter or bv diminishing the foice) the tiain will move on at a vniunm velocity 
equal to that which it had at the moment when the force and resistance were 
equalized ; and, if these could always be kept equal, it would so mm eon forever. 

But so long as the excess of steam pressure over the resistances coni inues to act, 
the velocity is increased at each instant; for during each such instant the excess 
of force gives a small velocity m addition to that already existing. 

On a level railroad, let 

P =* the total tractive force of the locomotive = say 13 tons 
W = weight of locomotive = 60 tons 
w = weight of train — 336 tons 

R = resistance of locomotive (including internal friction, etc.) = 8 tone 
r » resistance of train = 1 ton 

F *=■ uet force available for acceleration — P — R — r = 9 tons 
„ , , ; W+w 60 + 336 to 

M =- mass of engine and train — -—-— — —32 2 ~ 12 

m — mass of train — ^ = 10.44 

g OL.i 

a =- acceptation (Here the unit of mass is 

T = tension on draw-bar. 2240 malts. See Ait. 11 >1, e.) 

Then: Acceleration — a — ^ ~ = 0.75 ft per second per second. 

The tension T on the draw-bar = resistance of train 4- force causing accel¬ 
eration », orT=r + ma-l + 10.44 X 0.75 = 1 + 7.83 - 8.83 tons. 

This tensiou, T, pulling backward against the locomotive, causes there a 

retardation, or negative acceleration, of -,-.. — - *= 6.69 ft 

mass of locomotive 50 

per sec per sec, and thus reduces, by that amount, the acceleration which the 

locomotive would otherwise have, and which would be — ^— 10 '*L 32 

60 60 

— 6.44. This, less 5.69, = 0.75 ft per sec per sec — acceleration of train. 

(e) If the tractive force of a locomotive exceeds the resistances, due to friction, 
grades, and air, the velocity will be accelerated; but it then becomes more diffi¬ 
cult to maintain the excess of force, for the pistons must travel faster through 
the cylinders, and the boiler can no longer supply steam fast enough to maintain 
the original cylinder pressure. Besides, some of the resistances increase with 
Increase of velocity. We thus reach a speed at which the engine, although 
exerting its utmost force, can do no more than balance the resistances. The 
train then moves with a uniform velocity equal to that which it had when this 
condition was reached. 

When it becomes necessary to stop at a station some distance ahead, steam is 
shut off, so that the steam force of the engine shall no longer counterbalance or 
destroy the resisting forces; and the number of the resistances themselves is in¬ 
creased by adding to them the friction of the brakes. The resistances, thus 
increased, are now the only forces acting upon the train, and tliei** acceleration 
Is negative, or a retardation. lienee, the train moves more and more slowly, and 
must eventually stop. 

(f) Caution. When two opposite forces are in equilibrium, an nddltion to 
one of the forces does not always form an unbalanced force; for in many cases 
the other force inci-eaxes equally, up to a certain point. For instance, when we 
attempt to lift a weight, W, its downward resistance, R, remains constantly just 
equal to our upward pull, P, however P mav vary, until P exceeds W. Thus, R 
can never exceed W, but may be much less than it. Indeed, when we stop pull¬ 
ing, R ceases, although W (the attraction between the earth and the weight) o< 
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••our e remains unchanged tluoughout Such variation of iexisting forte, to meet 
varying demand-., ocrurs in all tho >e iimumcrahlc cases where structures sustain 
varying loads within theii ultimate strength 

Art. 17 <a>. Work. F oree, when It uunes a hodj,' is sai<l to do “ work ” 
upon it. The whole work done bv the furee in moving the body thiougli anv dis¬ 
tance is measured bv multiplying the fotcc by the distance; or. Work = Force 
X distance 1! the foice is taken in pound*, and the distance in feet, the product 
(or the i ooi h done! will he in foot-pound* ; if the foice is in tons and the distance 
in inches, the piodiut will be in inch-tons; and so on t 

Thus, if a foice of mows a body through wo have work ~ 

1 pound 10.000 feet 10.000 foot-pounds 

100 pounds mil ** 10,000 

10,000 " 1 foot 10,000 

or. in anv case, if a force of / pounds move a body through s feet, it does / s foot¬ 
pounds of work. Thus force In the linear rale of work. (f='f< O 

(b) With English measures, the ordinary unit of work is the foot¬ 
pound. The metric nnit of work is the kilogram-meter. See 
Conversion Tables, p. 237. 

In the «. N. sj slein (Ait. 11 f), 1 dyne, acting through 1 centimeter, 
does 1 erg (1 dyne-centimeter) of work. 1 joule (p. 237) = 10,000,000 
ergs - 0.7373 foot-pound. 1 foot-pound — about 18,663,000 erga. 

(c) In most eases, a portion at least of the work done by a force is ex¬ 
pended in overcoming resiwlaneehu Thus, when a locomotive begins 
to move a tiain, a portion of its foice woiks against, aud balances, the lesist- 
ancesoi friction or of an up-giade, while the remainder, acting as unbalanced 
force upon the inert mass of the train, increases its velocity. 

An upwaid pull oi exactly one pound will not raise a one pound weight, but 
will merely balance the downward foice of gravity. If we increase the upward 
pull from one pound ( = 16 ounces) to 17 ounces, the ounce so added, being 
unbalanced force, Will give motion to llie mass, and will accelerate its upward 
velocity as long as it continues to act. if we now reduce the upwaid puli to 1 
pouud, thus making it just equal to the downward pull of gravity, the body will 
move on upward with a uniform velocity ; but if we reduce the upward force to 

15 ounces (— jg [>ouud), tlieu there will be an unbalanced donr.teaid force of 1 
ounce acting upon the hotly, and this downward force will generate in the body 
a dowuwaru or negative aecelei at ion or retaidation , and will destroy the upward 
velocity in the same time as the upward, excess of 1 ounce required to produce it. 

During any time, while the 17 ounces upward “ force” were acting against the 

16 ounces downward “ resistance,” the product of total upward force X distance 
must be greater than that of lesislanee X distance. The excess is the work done 
in accelerating the velocity, by virtue of which the body has acquired kinetic 
energy or capacity for doing work in coming to rest. 

On the other hand, while the upward velocity was being retarded, the product 
of total upward force X dist was less than that of resistance X dist, the difference 
being the work done by the kinetic energy against the resistance of gravity. 

In practice, the term “ work” is usually restricted to that portion of the work 
which a force jierfornis in balancing the resistances which act against it; in other 
words, to the work done by so much of the force as is equal to the resistance. 

With this restriction, we have work = force X dist, - resistance X dist. 

Thus, if the resistance be a friction of 4 lbs., overcome at every point along a 
distance of 3 feet; or if it l>e a weight of 4 lbs., lifted 3 feet high, then the work 
done amounts to 4 X 3 = 12 foot-fixs, provided the initial and the final velocities 
are equal. • 

(d) In cases where the velocity In uniform, as in a steadily running 
machine, the force is necessarily equal to the resistance; and where the velocities 
at the beginning and end of any work are equal (ns where the machine starts 
from rest and comes to rest again) the mean force is equal to the mean resistance. 
In such cases, therefore, the two products, mean force X distance, and mean 
resistance X distance, are equal, and we have, os before, 

Work — Jurce X dist = resistance X dist. 


* A man who is standing still is not considered to be working, any more than 
is a post or a rope when sustaining a heavy load; although he may be support¬ 
ing au oppressive burden, or holding a car-brake with all his strength; for bit 
force moves nothing in either case. 

f These products must nqt be confounded with moments, — force X leverage. 

20 
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(f) In calculating the work done f»y machinery, etc.., allowance must be made for 
his expenditure of a portion ot the work in overcoming resistances. Thus, in pump¬ 
ing water, part of the applied force is required to balance the friction oi the cliffeient 
parts of the pump; so that a steam or water “power,” exerting a force of loo ft-s , 
and moving b tret per second, cannot raise 100 lbs. of water to a height of 0 lee* 
per set oiul Thereto! e machines, so far from yawing powe i, aecoiding to the popular 
idea, actually lose it iti one sense ol the word. In starting a piece of machinery, the 
forces employed have (1st) to balance, react against, oi destroy the resisting force 
of fiiction and the cohesive forces of the material whit h is to he operated on; and 
(2d) to give motion to the unresisting matter of the mailiine and of the mateii.il 
operated on, after the lesisting forces whnh hail acted upon them have thus been 
rendered inetteetive. But after the desired velocity lias Ueen established, the force's 
have merely to balance the resistances in older that the velocity may continue unlfoim. 


(U) That portion of the work of a machine, etc., which is exjieiidod against fric¬ 
tion la sometimes called “lost, work” oi ‘‘prejudicial work,” while only 
that portion is called “ useful work ” which rendcis visible and tangible hci vice 
in the shape of output, etc. Thus, in piiiiipin : watei, the woik done in oveieoming 
the fiiction of the pump and of the water is said to I e lost or piejudieial, while the 
useful work would bo repieseiited by the piodurt, weight ol water delivered X height 
to which it is lifted. 

'The distinction, although artificial, and somewhat aihitrarv, is often a very con¬ 
venient one; hut the work is of course not actually “ lost,” and still less is it “ pre¬ 
judicial ;” for the water could not ho delivered without first oveieoming the Resist¬ 
ances. A merchant might as well cull that poitlon of his money lost which he 
expends for clerk-hiie, etc. 

(h) For a givefi force and distance, the work done 1 h Independent of the 
time; for the product, force X distance, then remains the same, whatevoi the tune 
uiav he. But the distance through wliii h a given four will work at a given vein, ilv 
is of course proportional to the time dining which it is allowed to woik Thus, in 
order to lift 50 pounds 100 feet, a man must do the same woik, ( - /VKMi font-iKUinds) 
vvhethei he do it in one hour or in ten; hut, it he exerts constantly the same Jm re, 
ho will lift 50 lbs. ten times as high in ten hours as in one, and thus will do ten times 
the woik. Thus, for ar iveii force, the work la proportional to the time. 

Art. IS fa.. Power. The quantity of any woik may evidently he cmisideied 
without regai 1 to the time required to perfoim it; but we otten requite to know the 
rate at vvlmli woik can be done; that is, how much can be done within a (eit.un 
time. 

The rate at which a machine, etc can woik is called its power. Thus, in selei Img 
a steam-ongine, it is important to know how much it < an do pet nnnnte, hour, m » lay 
We therefoic stipulate that it shall he of ho many hm se-powers \ which means nothing 
more than that it shall he capable of oveieoming lesistiiig forces at the rate ol so 
many times 33.U00 foot-pounds per minute when running at a iinifoim velocity, i. e., 
when force X distance =» resistance X distance. 

(b) The horge-pow«r, 33,000 foot-pounds per minute, or 550 foot pounds per 
second, is the unit of power, or of rate of work, commonly need m connec¬ 
tion with engines. Tho metric horae-power, called “force d« 

eheval,” “ chcval-vapeur,” or (German i “ IMeidekraft,” is 75 kilogram-meters per 
second = 542.48 ft.-ths per sec. — 32,*>4St ft -fits. j>er minute 0 ‘.18(13 |iorse-|M)wer. 1 
horee-power = 1.0138 “ force de eheval.” In theoretical Meihanics the fool •pound 
per second is used in English measure; and the kilogram-nieler per aec- 
ond in motile, measure, 

1 foot-pound per second •=* 0.13825 kilogram-meter per s^ond. 

1 kilogram-meter per second = 7.2331 foot-pounds |>er second. 

(*) Up to the time when tho velocity becomes uniform, the power, or rate of 
work, of the train, in Art It? (d), is variable, being giadually u'-eelerated 

Korin each second it overcomes its resistances (and moves its point of application) 
tbrou/ih a greater distance than during the preceding second Also, after the steam is 
shut'off, the rate of work is variable, being gradually retarded When tho force of 
the steam just balances the resistances, the rate of work is uniform. 


Id) Power — force X velocity. Since the rate of work is equal to tho work 
done in a t/iren time, as so many foot-pounds per second, we may find it by dividing the 
work iii foot-pounds done during any given time by the mimbor of seconds In that 


time. 


Thus 


Power =* 


rate of work => 


forccjn pounds X distance Jn feet 
time in seconds 
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But this is equivalent to 

, distance in feet 
Power - rate of work = force m poon.le X a ln <- in Beocnda 

= force in pounds X velocity in feet per second. 


Or if we treat only of the work of that force which overcomes resistances: or In 
eases where the velocity is either uniform throughout or the same at the 
beginning and end of the work; 

Power rate of work resistance, v velocity, 

in ffc-lbs. per see. ™ in ft-lbs. per sec. in lbs. * in ft per sec. 


Thus if the resistance is 3300 lbs. and is overcome through a distance of 10 
feet in every minute; or if the resistance is 33 lbs. and is overcome through 
a distance of 1000 feet per minute, the rate of the work is in each cue 
the same, namely, 33,000 foot-pounds per minute, or one horse-power; fo> 
lbs. vel. lbs. vel. 

3300 X 10 — 33 X — 33,000 footpounds per minute. 

(e) The same “power” which will overcome a given resistance through* 
a-iven distance, in a given time, will also overcome any other resistance through 
any other distance, m that same time, provided the resistance and distance 
when multiplied together give the same amount as in the first case. ihua 
the power that will lift 60 pounds through 10 fec-t in a second, wiilin a second 


effected by the medium of coe-w-, . . _ 

these the engine, water-wheel, horse, or other motive power, exerting a given 
force and running at a given velocity, may be made to overcome small reaisb 
ances rapidly, or great ones slowly, as desired. 


Art,. 19 (a). The work which a body can do by virtue of Its 
motion j or (which is the same tiling) the work required to brine 
the body to rest. Kinetic energy, vis viva, or “living force.” 

As already remarked, a force equal to the weight of any body, at any place, 
will, in one second, give to the mass or matter of the body a velocity — g , or 
(on the earth’s surface) about 32.2 feet per second. Or if a body bo thrown 
upward with a velocity — p, its weight will stop it in one second. 

Since, in the latter case, the velocity at the beginning and at the end of the 
second are, respectively, — g feet per second, ana — 0, tno mean velocity of the 
body is JL. feet per second. Therefore, during the second it will rise _*L_ fee^ 
2 % , 
or about 10 feet. In other words, the work which any body can do, by virtue 
of being thrown vertically upward with an initial velocity (velocity at the 
start) of g feet per second, is equal to the product of its weight multiplied toy 

feet. Or, 

work in foot-pounds — weight X -|L 


Notice that in this case (since the initial velocity v is equal to g), JL — L 

g 

Suppose now that the same body be thrown upward with double the former 
velocity; i. e., with an initial velocity equal to 2 g (or about fi4 feet per second). 
Since gravity requires (Art. 8 c), two seconds to impart or destroy this 

velocity, the body will now move upward during two seconds, or twice as long 
a <tr?w as before. But its mean velocity now is a, or twice as great a* before. 
Therefore, moving for double the time and with double the velocity, it will 
travel four times as far, overcoming the same resistance as before (viz.: its 
own weight) through four times tne distance. 

Thus, by making its initial velocity v — 2 g, t. e., by doubling its JL, making 

g 

It — 2, we have enabled the body to do four times the work which it could 
do when its .JL was 1; so that the work in the second case is equal to Um 



344 


FORCE IN RIGID BODIE& 


product of (hat in the first case multiplied by the square of qj; 
i XL - weig-t X JL X (-J-)* 

— weight X X 

* 9 * 

— weight X ~ 

And it is plain that this would be ithe case for any other velocity. Now the 
total amount of the work which the body ran do, is independent of the 
amount ol the resistance against which it is done; for if we increase the 
resistance we dimmish the distance m the same proportion, so that their 
product, or the amount of work, remains the same. The abovo lormula, 
therefore, applies to all cases; t. c., the total amount of work, in foot 
pounds, which any body will do, against any resistance, by virtue of its motion 
alone, in coming to rest, is 
Work - weight of moving body, in lbs. X 

— weight of moving body, in lbs. X fall in ft required to give the velocity 
^ weightofmovingborty.in lbs.square of its velocity in ft per second 
9 * 

In these equations, the weight is that which the body has in any given plao^ 
and g is the acceleration of gravity at that same place. 

(b) 8ince the is its mass (Art 11, p. 336), the last formula 

g 

leoomes, by “method A,” Art. 11 (d), 

work mass of moving body x squa re of its velocity in ft per second 

in foot rpounds in “matts ’ 2 

and by “method B,’’ Art. 11 (d), 

work mass of moving body ^ s quare of its velocity in ft per secon d 

in foot-poundois “ in pounds A “ 2 

(c) In the above equations the left hand side represents the work (or resis¬ 
tance overcome through a distance) in any given caso.whilo the right hand 
side represents the kinetic energy of the body, by which it is enabled to do 
that work. Some writers call this energy “via vlv»,” or “ jiving iorce” a 
name formerly given (for convenience) to a quantity just double the energy, 
or — mass X velocity 2 . 

(d) As an illustration of the foregoing, take a train weighing 1,120,000 

pounds, and moving at the rate of 22 feet per second. Tl)e kinetic energy 
ef such a train is , 

energy — weight X 2 g " 5 or ' 

1,120,000 lbs. X - — — 8,400,000 ft.-lbs. 

64.4 


That Is. If steam be shut off, the train will perform a work of 8,400,000 ft-lbe. 
In coming to rest. Thus, If the sum of all the resistances (of friction, air, 
grades, curves, etc.) remained constantly - 6000 lbs.,- tile train would travel 

8,400,0 00I t-lbs, _ 1680ft 
6000 lbs. 

fel We thna see that the total quantity of work which a body can do by virtue 
of i4 motion alone, and without assistance from extraneous forces. Is in pro¬ 
portion to the weight of the body and Pi the vouars of its velocity when it 
begins to do the work. For example suppose that a train, at the moment 
whpn steam is shut off has a velocity of 10 miles an hour and that the kinetic 
K SyffiSch that^velocity gives it, will by itself carry the train against the 

•In practice, this would not be the case. 
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resistances of the road, etc., for a distance of one quarter of a mile before it 
stops. Then, if steam be shut off while the train is moving at 5. 20,30 or 40 
imles per hour ( i. e. with %, 2,3 or 4 times 10 miles per hour) the train will 
travel V$o, 1, 2)4 or 4 miles (or l 4 , 4, 9 or 10 tunes }' 4 mile) before coiningte 
lest. The resistances are here supposed to be uniform. 

But the time rate of work done is proportional simply to the resistance and 
the velocity (Art. 18 d). Therefore, the locomotive whose steam is shut off 
at 20,30 or 40miles per hour, will require, for running its 4,9 or 10 quarters 
of a mile, but 2,3 or 41 lines a* many seconds as it required at 10 miles per hour. 

The same principle applies to all cases of acceleration or of retardation. 

For instance, m the case of a falling body, the distance through winch it 
must fall, m order to acquire any given velocity, is as the square of that 
velocity, but the lime required is simply as the velocUq. Also, if a body is 
thrown vertically upward with any given velocity, the height to which it will 
rise, bv the time gravity destroys that velocity, will be as the square of the 
velocity, but the time will be simply as the velocity. 


Art. 20 (a). When a body, starting from rest, and moving, under the 
action of a constant force, during a time, t, has acquired a velocity, v, its 
wean velocity, during the time, t, is % v; and the distance traversed is 
s =■ Y % v t. Bmce in v — f t (Ait. 12) we have• 


m v* 
2 


in 


v 



f tf s; 


or. the kinetic energy. K v 2 , of a moving body, is equal to 

Ilie work, f s, (tone by a force, f, m producing or destroying the 
unomentum, m v, while traversing the space, s. 


Since f s 


= K - 


m 


we have 

f s K ni^ _v* _ m v v m v _ m v f 

Y "T‘ IT 2 ' t * 2 a ■ ■ 2m’ 

or: time rate of work 

mean momentum X acceleration 
- mean momentum > force intensity; 
or 

ft-lbs poumlals ft-poundals 

see ’ lb second 

In other words, if a mass, of m lbs, be moving with velocity, v ft^per sec, 
it has a momentum of m v ft-lbs per second and an energy, K, of ft-lbs; 

and — 2 -— ft-lbs, f s ft-i>oundals, of work must have been done upon it, 
in order to give it the velocity, v; and an equal amount of work must be 
done in order to bring it to rest. 

Thus, if m — 4 lbs, and v - initial velocity ■= 12 ft per sec ; we have 
m v - 4 X 12 -- 48 ft-lbs per sec, and K — f s ™2 ~ ~ mv 2 = 
48 X fi - 288 ft-lbs. 

By selecting different forces, f, to bring this mass to rest, we obtain 
different accelerations, different time rates of work, etc. 


The momentum, m v, at any moment, is necessarily double the 
mean momentum,which the mass has during the time, t — - ^ , in which 
it acquires or loses the velocity, v, under the a< lion of any constant force, f. 

Let the weight of a falling body W, and the acceleration of gravity — 
g. Then W . weight X mean velocity X time of fall - weight 

v 2 W v 2 m v 2 

X distance fallen W . - - the work done . ~ ~ “ the 

* K E * “ 

kinetic energy acquired. 
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Art. 21(a). Energy In indcfttructible. Energy, expended in work.tb 

not destroyed. It is either transferred to other bodies, or else stored up in the 
body itself; or part may be thus transferred, and the rest thus stored. But, 
although energy cannot be destroyed, it may be rendered useless to us. Thus, 
a moving train, in coming to rest on a level track, transfers its kinetic energy 
into other kinetic energy; namely, the useless heat due to friction at the rails, 
brakes and journals; and this heat, although none of it is destroyed, is dissipated 
in the earth anti air so as to be practically beyond our recovery. 

Art. 22 (a). Potential energy, or possible energy, may be defined as 
stored-up energy. We lift a one-pound body one foot by expending upon it 
one foot-pound of energy. But this foot-pound is stored up m the "system” 
tcomposed of the earth and the body) as an addition to its stock of potential 
energy. For, while the stone falls through one foot* the system will acquire 
a kinetic energy of one foot-pound, and will part with one foot-pound of its 
potential energy. 

(•>) The potential energy of a "system” of bodies (such as the earth and a 
weight raised above it, or the atoms of a mass of powder, or those of a bent 
spring) depends upon the relative positions of those bodies, and upon their 
tendencies to change those positions. The kinetu energy of a system (such as 
the earth and a moving train of cars) depends upon the masses of its bodies 
and upon their motion relatively to each other. 

Familiar instances of potential energy are—the weight or spring of a clock 
when fully or partly wound up, and whether moving or not; the pent-up water 
in a reservoir; the steam pressure in a boiler; aud the explosive energy of 
powder. We have mechanical energy' in the ease of the weight or springs or 
water; heat energy in the case of the Hteam; and chemical energy in that 
of the powder. 

(«•) In many cases we may conveniently estimate the total potential energy 
of a system. Thus (neglecting the resistance of the air) the explosive energy 
of a pound of powder is = the weight of any given cannon ball X the height 
to which the force of that powder could throw it, * the weight of the ball X 
(the square of the initial velocity given to it by the explosion) 4- 2 g. But in 
other cases we care to find only a certain definite portion of the total potential 
energy. Thus, the total potential energy of a clock-weight* would not be 
exhausted until the weight reached the center of the earth; but we generally 
deal only with that portion which was stored in it by r winding-up, and which 
it will give out again as kinetic energy in running down. This portion is = the 
weight X the height which it has to run down = the weight X (the square of 
the velocity which it would acquire in falling freely through that height) - 2 g. 

<d) There are many cases of energy in which we may hesitate as to whether 
the term "kinetic" or "potential" is the more appropriate. Thus, the pres¬ 
sure of steam in a boiler is believed to be due to the violent motion of the 
particles of steam, which bombard the inner surface of the boiler-shell; so 
that, from this point of view, we should call the energy of steam kinetic. But, 
on the other hand, the shell itself remains stationary; and, until the steam is 
permitted to escape from the boiler, there is no outward evidence of energy 
in the shape of work. The energy remains stored up in the boiler ready for 
use. From this point of view, we may call the energy of steam potential energy. 

(e) It seems reasonable to suppose that further knowledge, as to the nature 
of other forms of energy, apparently potential (as is that of steam), might 
reveal the fact that all energy is ultimately kinetic. 

Art.2S(a). There is much confnHion of ideaN in regard to those 
actions to which, in Mechanics, we give the names, “force,’* “energy,” 
“ power,” etc. This arises from the fact that, in every-day language, these 
terms are used indiscriminately to express the same ideas. 

Thus, we commonly speak of the "force” of a cannon-ball flying through the 
air, meaning, however, the repulsive force which would be exerted between the 
ball and a building, etc. with which it might come into contact. This force 
would tend to move a part of the building along in the direction of the flight 
of the ball, and would move the ball backward; (i. e., would retard its forward 
motion). But this great repulsive “force" does not exist until the ball strikes 
the building. Indeed, we cannot even tell, from the velocity and weight of the 
ball, what the amount of the force will be, for this depends upon the strength, 
etc., of the building. If the building is of glass, the force may be so slight as 
scarcely to retard the motion of the ball perceptibly, while, if the building is an 


♦For convenience we may thus speak of the energy of a system of bodies 
*ihe earth and the clock-weight) as residing in only one of the bodies. 
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earth embankment, the force will be much greater, and may retard the motion 
©f the ball so rapidly as to entirely Btop it before it has gone a loot farther. 

The moving ball has great (kinetic) energy; but the only force that it exerts 
during its flight is the comparatively very slight one required to push aside the 
particles of air. 

The energy of the ball, and therefore the total work which it can do, are inde. 
pendent of the nature of the obstruction which it meets; but since the work is 
the product of the resistance ottered and the distance through which it can be 
overcome, the distance must be inversely as the resistance ottered; or (which is 
the same thing) inversely as the force required of, and exerted by, the ball in 
balancing that resistance. 

.Since work, in ft.-lbs. = force, in lbs , X distance traversed, in feet, we have 

f in ttin — work, in ft.-lbs.__ rate of work, 

orce, distance traversed, in feet in ft.-lbs. per foot. 

Art. 24 (a). An impact, blow, stroke or collision takes place when a 
moving body encounters another body. The peculiarity of such cases is that 
the time of action of the repulsive force due to the collision is so short that gen¬ 
erally It is impossible to measure it, and we therefore cannot calculate the force 
from'the momentum produced by it in either ol the two bodies: butsiuce both 
bodies undergo a great change oi velocity (i. e., a great acceleration) during this 
short time, we know that the repulsive force acting between them must be very 


great.. 

We shall consider only cases of direct impact, or impact where the centers 
of gravity ol the two bodies approach each other in one straight line, and where 
the nature of the surtuces ot contact is such that the repulsive 

force caused by the impart also acts through those centers and in their line of 
approach 

(b) Thin force, acting equally upon the two bodies (Art. 5f), for the 

same length of time i namely, the time during which they are in contact), neces¬ 
sarily produces equal and opposite changes in their luomenturns (Art. 12, p 388). 
Hence, the total momentum (or product, mass X velocity) ol the two bodieB is 
always the same after impact as it was before 


(c) But the relative behavior of the two bodies, after collision, depends upon 
their elasticity. If they could be perfectly inelastic, their velocities, after im¬ 
pact, would be equal, lu other words, they would move on together. If they 
could l>e perfectly elastic , they would separate from each other, alter collision, 
with the same velocity with which they approached each other before collision. 


(d) Between these two extremes, neither of which is ever perfectly realized in 
practice, there are all possible degrees of elasticity, with corresponding differences 
in the behavior of the bodies The subject, especially that of indirect impact, is 
a very complex one, but seldom conies up in practical civil engineering. 


(e) " In some careful experiments made at Portsmouth dock yard, England, a 
man of medium strength, and striking with a maul weighing 18 lbs., the handle 
of which was 44 inches long, barely started a bolt about % of an inch at each 
■slow; and it required a quiet pressure of 107 tons to press the bolt down the 
same quantify; but a.small additional weight pressed it completely home.” 
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GRAVITY, FALLING BODIES. 

Bodies falling 1 vertically. A body, falling freely in vacue 
from a state of rest, acquires, by the end ol the. first second, a velocity of about 
32.2 feet per second; and, m each succeeding second, au (uidilion ol velocity, or 
acceleration, of about 32.2 feet per second. In other words, the velocity receives in 
each second an acceleration ut aw>ut 32.2 feet per second, or is accelerated at th« 
rate of about 32.2 lost per second, per second. This rate is generally called (for 
brevity, aoe foot-note,f p. 334), simply the acceleration of gravity (but see * 
below), and is denoted by g. It increases from about 32.1 fret per Becond, per 
second, at the equator, to about 32.5 at the poles. In the latitude of London it ia 
32.19. These aie its values at sea-level; but at a height of 6 miles above that level 
it is diminished by only about 1 port in 400. For most practical purposes it may tx 
taken at 32.2. 

Caution. Owing to the resistance of the air none of the tollow- 
ing rules give perfectly accurate result-, in pi art ice, especially at great vela. 
Th» greater the specific gravity of the body the better will be the result. The air 
resists b“t>t rising; and falling bodies 
If a body be thrown vertically upwards with a given vel, it will 
rise to the same height front which it must have fallen in order to acquire said 
vel; and f ts vel will be retarded in each second 32.2 It per sea its average ascend¬ 
ing velocity will be half of that with which it started ; as in all other cases of 
uniformly retarded vel. In falling it will acquire the same vel that it started 
up with, and in the same time. See above Caution. 


Acceleration acquired* 

in a given time = g X time 

in a given fall from rest = 2 g X fall, 

in a given fall from rest t twice th e fall 
and given time ) time 

Time required 

, , . acceleration 

for a given acceleration — — 


„ - , „, Ifall fall 

for a given fall from rest — V, , - =* ,,.. — 

Wi9 »<> tinal velocity 

for a given fall I mm rest j f.tll _ fall 

ororherwise j mean v*l *4 (initial vel r final vel) 

Fall 

in a given time (starting from rest) - time X % final vel - time • X Si 
iu a glren time (starting, 1|me . Um , y inUtalvel+finalret 

from rest, or otherwise) / ^ 2 

reqd for a given acceleration ) acceleration 1 * 

(stalling from rest) > 2 g 

during any one given second (con in mg from rest) 

=* g X (number of the second (1st, 2d, Ac) — A 
during any equal consecutive times (starting from rest) <x 1, 3,5,7,9, Ac. 


Calling g 
we have 


— 32.2 1 
ave f 


At the end of the 

1st. 2d. 3d. 4th. 5th. fill). 7th. 8th. 9th. 10th. 

MecondN 


Velocity; ft per sec. 
List fallen since end| 
of preceding sec; ft. 

Total diet fallen; ft. 


82.21 

(luj 

96.6 

128 8 

161.0 

193.2 

225 4 

257.6 

289.8 

16.1 

48.3, 

80.6 

112.7 

144.!) 

177.1 

209.3 

241.5 

273.7 

16.1 

64.4 

144 9 

257.6 

402.5 

579.6 

788 9 

1030 4 

1304 1 


322.0 

305,9 


* By " acceleration,” in this article, we mean the total acceleration: i. e. the whole 
change of velocity occurring in the given time or fall, For the rate of acceleration 
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Descent on inclined planes. When a body, U, is placed 
upon an inclined plane, AC, its whole weight W is not employed in giving it 
velocity (as m the case of bodies falling vertically) 
but a portion, P, of it (= W X cosine of o = W X 
cosine of a*) ia expended in perpendicular pressure 
against the plane; while only 8, (= W X sine of o 
— W X sine of «,*•) aets upon U in a direct Ion parallel 
to the surlace A C of tin* plane, and tends to slide it 
down that surf 

The aceeleiation, generated in a given body in a 
given tune, in propoittonal to the force acting upon 
the body m tne direction of the aceeleiation 

Hence if we make W to repicwnt bv scale the 
aceeleiation g (say U2.2 ft per kh per see) which grav 
would give to U in a sec if falling freely, then S will _ 
give, by the same scale, the acceleration in ft per 
sec which the actual sliding forces would give to IT in one see if there were 
no friction between U and the plane. We have therefore 

theoretical acceleration down the plane — g X sine of a. 

Therefore we have only to substitute “g sin a” in place of “p;” and the 
sloping distance or “slide” AC in place of the corresponding vertical distance 
or “ fall ” A E in the equations, in order to obtain the accelerations etc as 
follows* 

on an inclined plane without friction. 



Aeeelerationfof sliding velocity 

i a niren time- = v,!rl “ 0I ; 1 ' 1 (ailing) v , 

® vert during the same time J X sin a 

=* g. sin a X time 


in a given slide, as AC,) ^ 


(vert, accel acquired in falling I _ 

= J freely thro the corresponding > = \ 2 g. A E 
( vert ht A E J 


• y' 2 g. sin « X allele 


for a given sliding acceleration 

for a given slide, as A C, from 
rest 


Time required 
sliding acceler ation 
g. sin a 

_slide 

final sliding velocity 


j _slide 

V \4~g. sinn 


time reqd to fall freely tliro the correspond* 

_ _ _mg vert ht A E_ 

sin a 

for a given slide, from! _ slide _ slide 

rest, or otherwise i "* mean sliding vel ~ K (initial + final sliding vels) 

horizontal stretch, a* E f,_ 

_ base EC of any length, as A C \/ A C a — A E 2 

on lie a j en gti, a C that length ~ ^Tc 

s»»™ — height A E __ fall, A E. in any given length, A C _ j/~A C 2 —~£ T* 

ne B length A C that length “ AC 

* Because o and a are equal. 

fBy acceleration, in this article, we mean the total acceleration, i, «., the whole 
change in velocity occurring in the given time or slide. For the rate of acceleration 
we use simply the letter g. 
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Slide, as A C 

in a given time, starting from rest = time X V final sliding vel 
— time 2 X A g- sin a. 

‘VrKil*' ’" ,arti “ 8 f " m r “ l = «">• X mean ..Wins vel 

= time X Vi (initial -f final, sliding vels) 

required for a given' sliding accel- _ sliding a c celera tion 2 
eration (starting from rest) 2 g. sin a 

But in practice the gliding on the plane is always op¬ 
posed by friction. To include the effect of friction, we have 

only to substitute 

“ g X [sin a — (cos a. coeff fric)J ’’ in place of “ g. sin a ” in the above equations. 
Because 

Friction = Perpendicular pressure P X coefficient of friction 
= weight W X cosine a X coefficient of friction 

and 

retardation of friction - g X cosine a \ coefficient of fricfioa. 

Resultant sliding acceleration 

=» theoretical sliding aocel (due to the sliding force, S) — retardation of fric 
= ( 9 . sin a) — (g cosine a. coefi fric) 

= g X [[sin « — (cosine a. coeff fric)J 

If the retardation of friction (= g. cos a X coed trie1 is no/ less than the total 
*r theoretical accel (“0 sin a”) the body cannot slide down the plane. 


PENDULUMS. 


The numbers of vibrations which diff pendulums will make in any given place in 
% given time, are inversely as the square roots of their lengths; thus, if one of then 
is 4 , ", or 16 times as long as the other its sq rt will be •*, «>« 4 times tu« great In. t 
its number of vibrations will 1»e but or V as great The tunes m which.ff 
pendulums will make a vibration, are dtrerihj n. the sq its of their Unglhs. Thus 
if one bo 4, it, or 16 times as long as the other, its sq rt will he -, 3, or 4 times as 
great; and so also will be the time occupied in one of its vibrations. 

8 The length of a pendulum vibrating seconds at the level of the sea, JIS 

in the lat of London (Mi/ J Umfh) is 38.1393 ins; and in the lat of N. York (40^ 
North) 30.1013 ins 1 uator about inch shorter; and at the poles, about ^ 

inch longer. Approximately enough for experiments which. occupy but wc. 
we may at any place call the length of a seconds P^ndnlam n h opendr. •» £». 
half fi'i, W, ins; and may assume that, long and short vibrations of the hw !»««• 
dulum are made in the same time; which they actually are, eery near' y • 
nring depths, or dirts by sound, a sufficiently good sec pendulum nwjr to' made «rf a 
febble (a small piece of metal is betterl and a P ief f of Si. 

Jommon pin The length of 38 ins should be measured from the «litre of the pcbhle 
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In starting the vibrations, the pebble, or 606 , must not be thrown into motion, hot 
merely let drop , after extending the string at the proper height. 

To find the length of a pendulum reqd to make a given number of 
vibrations in a min, divide 376 by said reqd number. The square of the quot will be 
the length in ins, near enough for such temporary purposes as the foregoing. Thus, 
for a pendulum to make 100 vibrations per mm, we have 5 = 3.75; and the square 
of 3.75 =* 14.06 ins, the reqd length. ’ 

To find the number of vibrations per min for a pendulum of 
given length, in ms, take the sq rtof said length, and div 375 by said sq rt. Thus, 
for a pendulum 14.06 ins long, the sq rt is 3.75; and = 100, the reqd number. 

Rf.m 1. By practising before the sec pendulum of a clock, or one prepared as jusf 
stated, a person will soon learn to count 5 in a sec, for a few sec in succession; and will 
thus bo able to divide a sec iuto 5 equal parts; and tins may at times be useful for 
very rough estimating when he has no pendulum. 

Centre of Oscillation and Percussion. 

Rex. 2. When a pendulum, or anv other suspended body, is vibrating or oscillating 
backward and forward, it is plain that those particles of it which are far from the 
point of suspension move faster than those which aie near it But there is always 
a certain point in the body, such that if nil the particles were concentrated at it, sa 
that all should move with the same actual vcl. neither the number of oscillations, 
nor their angular vol, would bo changed. This point is called the cmter of oscilla¬ 
tion. It is not the same as the ceu of grav, and is always farther than it from the 
point of suspension. It is also the centre of percussion of the suspended vibrating 
I tody. The dist of this point from the point of susp is found thus: Suppose the body 
to be divided into many (the more the better) small parts; the smaller the better. 
Kind the weight of each part. Also find the cen of grav of each part; also the dist 
Horn each such cen of grav to the point of susp. Square each of these dists, and 
mult each square by tli« wt of the corresponding small part of the body. Add the 
products together, and call then suiu p. Next mult the weight of the entire body 
by the dist of its ceu of grav from the point of susp. Call the prod g. Divide p by g. 
This p is the moment ol'inertln of the body, and if divided by the wt of the 
■ -I- tin* m.j rt of the quotient will Ik* the Ratlin* of ration. 

Angular Velocity. 

When a body revolves around any axis,the parts which atcfutihei limn that 
axis move faster than those nearer to it. Therefore we cannot asMjn a stated 
linear velocity in feet per second, 01 miles per hour etc, that shall apply to every 
imrtoi It. Bui every part of the body revolves aiouud au enltie circle, or 
through an augle of 360°, in the same time. Hence,all the pans have the same 
velocity in degrees per second, or in revolutions per second. This is called the 
angular velocity. Scientific writers measure it by the length of the arc de¬ 
scribed by any point in the body in a given time, as a second, the length of the 
arc being measured by the number of times the length of Us own radius is con¬ 
tained in it. When so measured, 

Angular velocity _ linear velocity (iu Icet etc) per sec 
in radii per second ienguTof radius (in feet etcf~ 

Here, as before, the angular velocity is the same for all the points in the body, 
because the velocities of the several points arc directly as their radii or dts* 
lances from the axis of revolution. 

In each revolution, each point describes the circumference ol* the circle in 
which It revoives = 2irr m a 3.1416 etc; r— radius of said circle). Conse¬ 
quently, if the body makes n revolutions per second, the length of the arc de¬ 
scribed by each point in one second is 2 wr«; and the auguiar velocity of the 
body, or linear velocity of auy point measured in its own radii, is 

a *» = 2 tr u = say 6.2832 X revs per second = say .1047 X revs pe*- minute. 

Moment of Inertia. 

.Suppose a body revolving around an axis, as a grindstone; or oscl^dting, like 
a pendulum. Suppose *hat the distance from the axis of revolution (which, in 
the pendulum, is the point of suspension) to each individual particle of the 
body lias been measured; and that the square of each such distance has been 
multiplied by the weight of that particle to which said distance was measured. 
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Slide, as A C 

in a given time, starting from rest = time X V final sliding vel 
— time 2 X A g- sin a. 

‘VrKil*' ’" ,arti “ 8 f " m r “ l = «">• X mean ..Wins vel 

= time X Vi (initial -f final, sliding vels) 

required for a given' sliding accel- _ sliding a c celera tion 2 
eration (starting from rest) 2 g. sin a 

But in practice the gliding on the plane is always op¬ 
posed by friction. To include the effect of friction, we have 

only to substitute 

“ g X [sin a — (cos a. coeff fric)J ’’ in place of “ g. sin a ” in the above equations. 
Because 

Friction = Perpendicular pressure P X coefficient of friction 
= weight W X cosine a X coefficient of friction 

and 

retardation of friction - g X cosine a \ coefficient of fricfioa. 

Resultant sliding acceleration 

=» theoretical sliding aocel (due to the sliding force, S) — retardation of fric 
= ( 9 . sin a) — (g cosine a. coefi fric) 

= g X [[sin « — (cosine a. coeff fric)J 

If the retardation of friction (= g. cos a X coed trie1 is no/ less than the total 
*r theoretical accel (“0 sin a”) the body cannot slide down the plane. 


PENDULUMS. 


The numbers of vibrations which diff pendulums will make in any given place in 
% given time, are inversely as the square roots of their lengths; thus, if one of then 
is 4 , ", or 16 times as long as the other its sq rt will be •*, «>« 4 times tu« great In. t 
its number of vibrations will 1»e but or V as great The tunes m which.ff 
pendulums will make a vibration, are dtrerihj n. the sq its of their Unglhs. Thus 
if one bo 4, it, or 16 times as long as the other, its sq rt will he -, 3, or 4 times as 
great; and so also will be the time occupied in one of its vibrations. 

8 The length of a pendulum vibrating seconds at the level of the sea, JIS 

in the lat of London (Mi/ J Umfh) is 38.1393 ins; and in the lat of N. York (40^ 
North) 30.1013 ins 1 uator about inch shorter; and at the poles, about ^ 

inch longer. Approximately enough for experiments which. occupy but wc. 
we may at any place call the length of a seconds P^ndnlam n h opendr. •» £». 
half fi'i, W, ins; and may assume that, long and short vibrations of the hw !»««• 
dulum are made in the same time; which they actually are, eery near' y • 
nring depths, or dirts by sound, a sufficiently good sec pendulum nwjr to' made «rf a 
febble (a small piece of metal is betterl and a P ief f of Si. 

Jommon pin The length of 38 ins should be measured from the «litre of the pcbhle 
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Table of Kadii of Gyration.— Continued. 


Body 

Revolving 

around 

Radius of Gyration 

Hollow 
sphere of any 
thickness 

a diameter 

__ j ‘2 (outer rad 6 — inner iad 6 ) 

\ 5(outer rad 3 — inner rad a ) 

ditto, thin 

j ditto 

approx (outer rad + inner rad) X 4085 

ditto, infinitely 
thin (spherical 
surface) 

ditto 

any point, x, in its 
length 

radius of sphere X 
— radius of sphere X about .8165 

Straight line, 

ab 

la i 8 + rft 3 

\ s ab 

a x e b 

either end, a or b 

length ab X yj-f- 



— length ab X about .5775 


its center, e 

— length ab X about .2887 

Solid cone 

Circular 
plate, of rect¬ 
angular cross sec¬ 
tion 

Circular 
ring, of rect an¬ 
gular cross section 

Its axis 

See Solid cylin¬ 
der 

See Hollow cylin¬ 
der 

radius of base of cone X "\Z~3T 
— radius of base of cone X .5477 

For the thickness of plate or ring, 
measured perpendicularly to the plane 
of the circumference, take the length of 
the cylinder. 

Square, rect¬ 
angle and 
other »ur- 
faces 

For least radius of gyration, or that around the longest axis, 
see pp 353 a and b. 
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Relations of least radius of gyration, r. and least side. J>. 

In any cross section, let 


7 *= least moment of inertia; B 

a ^ area b 

r = Vl! a * least rad of gyration ; 1 

D = least external diam or side ; 
d =*= least internal diam or side ; m 


greatest external diam or side ; 
greatest internal diam or side ; 
thickness of wall; 

D/t; 1/12 - 0 0833 


We then have the following relations : 



♦ Hollow square; c = D/t. 

When c =• 5 10 20, 

(D/r) 2 = 8.82 7.32 6.63. 

t Hollow rectangle of uniform thickness ; c — D/t ; rn « B/D. 
When c = 5 10 20,_ 


and rn — 1.5 2 1.5 2 1.5 

*D/r™~ 7.98 7.54 6.62 6.23 6.01 

♦♦Hollow circle of uniform thickness ; c “ D/t. 

W T hen c ■= 5 10 20, 

(D/r) * - 11.76 9.76 8.84. 

tt Angle with unequal legs ; m = B/D. See p 353 6. 
When rn = 1.25 1.50 1*75 2.00 

(D/r)' 2 « 21.60 18.78 17.00 15./0 
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The equations below are approximate only. 
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CENTRIFUGAL FORCE. 

When a body a, Fig. 1, moves in a circular path abd, it tends, nt each point, as 
a or h, to move in a tangent at or bt' to the circle at that point. But at each 
point, as a, etc., in the path, it is deflected from the tangent by a force acting 
toward the center, c, of the circle This foice may he the tension of a string, ca. 
or the attraction between a planet at c and its moon a. or the Inward pressure 
of the rails, a b, on a curve, etc , etc. Like all force, if is an action between two 
bodies, tending either to separate them or to draw them closer together, anil act¬ 
ing equally upon both. (Sec Art 5 (ft). p 3»2> Tn the case of the string, it pulh 
the body a, toward the center, e. and the nail or hand, etc , at c, toward the bodv 
at a or ft, etc, ; i c . from the center In the case of a car on a curve it pusher the 
car toward the center, and the rails from the center. The pull or push on the 
ret'ohnng body toward the center is called the centripetal force; while tl* 
null or push tending to move the deflect! a a body from the center is called the 
eeutririural force. These two “ forces,” being merely the two sides (as 
it were) of the same stie-s, are nece-sai lly equal and opposite, and can only exist 
together The moment the stress or tension exceeds the strength (or inherent 
cohesive force) of the string, etc, the latter breaks The centripetal and centnt. 
ugal forces therefore instantly cease, and the body, no longer disturbed by a 
deflecting force, moves on, at a uniform velocity,* in a tangent, at or bt , etc , tt 
its circular path ; at right angles to the direction which the centrifugal tore* 
had at I he moment it ceased. 

(a). A single revolving? body, a, Fig. 1. Let 
/ = the centrifugal or centripetal force, in pounds. 

W = the weight of the body a, in pounds, „ # . . , 

K = the radius ca of the path of the center of grant!/ of the body o, ui feet, 
v = the uniform velocity ol the body a in its circular path aofl, in leet pel 
second, 

n = the number of revolutions per minute, 

a - the acceleration of gravity = say 32.2 feet per second per second, 

900 g — about 28980. 

tt -= circumference 4- diameter = say 3.1416. 

Then, for the centrifugal force, /: 


w 2 ss about 9.8696. 


■ w rV- 


If we have the velocity t> in feet per second: f = 

If we have the number v of revolutions per minute: f — W J 

/ - about .0003406 WR»» \ 


. ( 1 ) 
. ( 2 ) 
. (3). 


* Neglecting friction, gravity, the resistance of the air, etc. 
f For let at. Fig. 1, represent theamount and dilection of the velocity v of the bod 
at a in feet per second. Then at the end of one second the body will have reache 
tire point b (the arc ab being made — at), and the amount and direction of il 
velocity at b will then Ihj represented by the line W = at in length, luit differing i 
diiectiou. Drawing nt and m' at the center, equal and parallel respectively to i 
and bt\ we find that the change nr the direction of the motion (i. e , the acceleratio 
toward the center) during the second is represented by the air mm'; and, since angl 
acb — angle uch\ we have the proiiortion, radius K or uc : ab or at:: cu or at: ai 
tat', in other words, the acceleration vu' in one second, or rate of acceleration, Is - 


at* 
B 8 


; and, for the force causing that acceleiation, we have 
mass of body X rate of acceleration — mass of liody X 


. W-‘ 


J By formula (1),/—W ^ . But v 


2 v R v , 

= ~--;and* 2 


R R g 
4nJ R* ** R* h* 
3600 “ 900 


„ , „,* 9 R 2 » # 

Bence, / - W ^ -W mg . 

\ Formula (3) i» obtained from (2) by sutiatitutlDg tic TOluos 9.8696 and 28980 fi 
w 2 and **00 g respectively. 
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(b) Wheels and disc*. Suppose the rim of a wheel to be cut into very short 
slices, as shown (much exaggerated; at «, lig. 2. Then for each slice, as n, by 

t ,a 

formula (l):/ = weight W of slice X t> ~ ;* and if each slice were connected 
Lig 



with the center by n separate string, the sum of the stresses in all the strings 
(neglecting friction betwten adjacent slices) would be • 


F — sum of centrifugal forces of all the slices! — weight of rim X . . . (4). 

K ff 

Rut the stress with which we are usuallv concerned in such cases (viz : the 
tension In the rim itNelf in the direction of a tangent to its own cir> 
cumference) is much less than the theoretical quantity F obtained from formula 


*4), being in fact only — of it 


For suppose first that the same thin rim is 


cut only at two opposite points m and w, Fig. 3, and that its two halves are held 
together only by tne string S 


* If the rim is very thin in proportion to its diameter him, we may take the center 
of gravity of each slice as being in a circle mn midway between the inner and outer 
, ... . „ inner mdins -+ outer tadins . , ... 

edges of the rim, so that R =-. In a rim of appreciable 

thickness, this is not the case, because each slice is a little thicker at its outer than at 
its inner end. See Fig. fi. Hence its center of gravity is a little outside of the curved 
line mu. Fig. 2. 

+ In a perfectly balanced rim (i e., a rim whose center of gravity coincides with its 
renter of rotation, as in Fig. 3) the centrifugal forces of the particles on one Bide of c 
counterbalance those on the opposite side Here, too, R = 0 Hence, at a whole , 
such a rim has wo centrifugal force : ?. e , no tendency to leave the center in any one 
direction by virtue of its rotation Rut if the two centers do not coincide (Fig. 4), 
then the rim is a single ievolving body, and its centrifugal force is: / = weight 

of entire rim X 1 5 where R is tin* distance between the two centers, and v the 
R g 

velocity of the center of gravity <«. The force / acts in the line joiniug the two 

centers. 


2 ’ 
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Then: * 

semi-circumference nun : diameter inn pull on the string S; 
bo that 

pullon = half weight ?>* 2 ^weight r* F_ F 

string S of rim II g n of run A llgn n 3.1416 
and if the rim is now made complete by joining the ends at m and n, and if t he 
string S is removed, then the pull on the string by formula (5; will be equallv 
divided between hi and n. Hence each cross-section, as m or n, of the rim, will 
sustain a tensile stress equal to half the pull on the string; or 
V V weight of rim'X »’ 2 

— SStBBi- -. ( ) - 

The centripetal force,/, Fig. 2, holding any part o of the rim to its circular path, 
is the resultant of the two equal tensions at. the ends of that part. 

For the stress per square inch oi cross-t-ection of rim, we have • 
tension in rim _ 

unit stress = ^raTA of cross-sectiou of rim, in square inches 

_F_ weight of rim X t’ 2 m 

6.2832 A " 6.2832 A* R g . W ’ 

We shall arrive at the same result if we reflect that the pull in the string S 
or the sum of the two tensions at m and w, is equal to the centrifugal force/ of 
either half of the rim. revolt ing, as a single body, about the center c !• ind the 
center of gravity (J of the half rim, and then, in formula (1), use the velocity of 
that point, and the radius c<J instead of velocity at s and radius cz respectively; 
thus: 


„ . , . , centrifugal force 

pull ill KtnilR / - ot ha ff. rira ' 


. (velocity atC/ 2 

- weight of half-rim X " faxg 1 


and half of this is the tension in each cross-section of the ritn.f 
If the rim were infinitely thin, cti. Fig 3, would he 0.6366 cz. 

If its thickness must lie taken into consideration, and if it is of rectangular 
cross-section find i he centers oi gravity g and <i\ Fig 6, of the w hole semicircular 
segment cz and of the small segment ch respectively (eg U 4241 /■., and eg - 
0.4244 ch. Then 

,. _ area of entire segment, cz 
—97 area of half rim 


For rims of other than rectangular cross-section, use formula 1 (4), (R) and (**»> 
In a dtec. sucli hh ft grindstone, the tension in each full cross-section 
mn. Fig. 7, is equal to the centrifugal force f of half the disc I/et W = weight 
of half disc. The distance cG from the center <■ to the center of gravity G of 
the half disc, is cC. —0.4214 cz; and the 


* In Fig. 2, let the centrifugal force of any slice, o, be represented by the diagonal, 
f, of a rectangle, whose sides, H and V, are respectively parallel and perpendicular 
to the given diameter mn. Then II and V represent the components of / in those 
two diiertions. The equal and opposite horizontal components II, of o and of the 
corresponding slice o', being parallel to »»«, have no tendency to pull the rim apart at 
wi or n. Hence, the pull oil a string S, Fig. 3, twipendictilnr to mu, is the sum of the 
components V of all the slices For each very thin Mice, Fig. . r > (grently exaggerated) 
we have (since angle A — angle A'): 


Length l . its horizontal .. centrifugal force , its vertical 
of slice ’ projection, p " /, of slice * component V. 

Hence, for the entire half-rim mn, Fig. 3 (made up of such slices), we have 


Length ...... . -- 

of half-rim ' projection mn 


the sum of the 


slices of the half-rim, 


which is identical with the proportion at top of jiage. , 4 . 

+ The rims of revolving wheols are usually made strong enough to resist tlie tension 
due to the centrifugal force, without aid from tin* spoken, which thus have merely to 
snppoit the weight of the wheel. But if the rim breaks, the centrifugal forces of its 
fragments conic entirely upon the spokes; and, since the breakage is always irregu¬ 
lar, some of the spokes will always receive more than their share. 
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tension In „,» - f- W ^ “SC - w"^(veLat^ 

rad. c(3 X ff 0.4244 cz X a 


x \y 0-4244 (vel. at z)* 

czXff 

... 0.4244 ir* it* cz 


. 0 )- 


The stress per square inch in any full section mn is 


,. . tension m mn 

unit stress ^-, - ; --.— ; —* 

area of cross-section in square inches 

_ yj _0.4 244 (veloc ity at z) 2 

diam. mv, ins. X thickness, ins. X cz X 9 ' 

yy _0 4244 7T 2 » 2 cz 

diam. mn, ins. X thickness, ins. X 900 g 



f the centripetal force, in pounds acting upon a single revolving body, a, 
Figs. I, 2, 4 and », or upon the half-run or half-disc, Figs. 3, 6 and ^ 
the centrifugal force everted by such body 
F - the sum of the centrifugal iorces f, or all the particles of a rim, Fig. 3. 

W the weight of the bod\, in pounds. 

R -■= the radius ca. Figs 1, 4 and of the path of the center oj gravity of the 
body. 

v - the uniform velocity of the body in its circular path, in feet per second. 
n — tlie number of revolutions per minute. 

(/ the acceleration of gravity — say 32.2 feet per wcond. 9»0 g -- about 
2H98G. 


circumference 

diameter 


say 3.14F1 


it 2 — about 9 869f» 


In a rolling wheel, each point in the rim, during the moment when it 
touches the ground, is stationary with respect to the eaith; but each particle hai 
the same velocity about the. center as if the latter were stationary, and hence the 
centrifugal force has no effect upon the weight. 
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FORCES. 

1. Statics Defined. The science of statics, or of equilibrium of forces, 
takes account of those very numerous cases where the forces under con¬ 
sideration are in equilibrium, or balanced. It embraces, therefore, all cases 
of bodies which are said to be “at rest..”* 

2. In the problems usually presented in civil engineering, a certain 
given force, or certain given forces, applied to a stationary * body (as a bridge 
or building) tend to pioduce motion, either in the structure as a whole or in 
one or more of its members; and it is required to find and to apply another 
force or other forces which will balance the tendency to motion, and thus 
peimit the structure and its members to remain at rest. See f 33, below. 

3. Equilibrium. Suppose a body to be acted upon bv certain forces. 
Then those forces are said to be in equilibrium, when, as a whole, they pro¬ 
duce no change in the body's state oi rest or of motion, eitner as regards its 
motion as a whole along any particular line (motion of tran-datnm), or as 
regards its rotation about any point, cither within or without the body. 
In such cases the body also is said to be in equilibrium. See 84, below. 

. 4. A body may be in equilibrium as regards the forces under consideration, 

even though not in equilibrium as regauis other forces Thus, a stone, held 
between the thumb and finger, is in equilibrium as regards their two equal 

f iresaures, even though it may be lifted upward by the excels of the muscular 
orce of the arm over the attraction between the earth and the stone. Simi¬ 
larly, on a level railroad, a car is in equilibrium as regaids gravity and the 
upward renistance of the rails, although the hoiizontal [mil of the locomotive 
may exceed the resistance to traction. 

5. Molecular Action. Any force, applied to a body, is in fact made 
up of a system of forces, often parallel or nearly so, applied to the several 
particles of the body. Thus, the attraction exerted by the earth upon a 
grain of sand or upon the moon is, strictly speaking, a cluster of nearly par¬ 
allel forces exerted upon the several particles of those bodies; but, for con¬ 
venience, and so far only as concerns their tendency to move the body ns a 
whole, we conceive of such forces as replaced by a single force, equal to 
their sum and acting in one line. In thus considering the forces, we as¬ 
sume that the bodies are absolutely rigid, so that each of them acts as a 
\ single “ material particle” or “ material point.” 

' 6. Transmission of Force. The upw ard pressure of the ground, upon 

c a stone resting upon it, acts directly only upon those particles which are 
nearest to the ground. These, in turn, exert a (practically) equal upward 
force upon those immediately above them, and so on; ami the force is thus 
transmitted throughout the stone. 

7. Rigid Bodies. In treating of bodies as rigid, we .assume that the 
intermolecular forces hold the several particles absolutely in their original 
relative positions. 

It is not the material that resists being broken, but the forces which hold its 
particles in their places. Thus, a cake of ice may sustain a groat pressure; 
but its particles yield readily when its cohesive forces are destroyed by a 
melting temperature. 

8 . Force Units. The force units generally used in statics are those of 
weight, as the pound and t he kilogram. See Conversion Tables, p 23f>. 

In statics we have no occasion to consider the masses of bodies (except 


♦Strictly speaking, absolute rest is scarcely conceivable, since all bodies 
are actually in motion (see Art. 3, p. 331), so that unbalanced forces produce 
merely changes in the states of motion of bodies. Yet, for a boily to be at 
rost. relative to other bodies, is a very common condition, and, in practical 
statics, we usually regard the body under consideration as being at rest 
relatively to the earth or to some other large body, so that the change of 
■tete of motion, due to the action of unbalanced force upon it, consists in a 
change from relative re«t to relative n otion. See U 33, below. 
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In so far as these determine their weights, or the force of gravity exerted upon 
them), bodies lieing regarded meiely as the media ur»on and through which 
the forces under consideration are evened. ]fence we require, in statics, 
no units of mass; and, as the bodies are regarded as being “at rest,” no units 
of time, velocity, acceleration, momentum, or eneigy. 

9. Forc es, how Determined. A force is fully determined when we 
know (1) its amount (as in pounds, or in borne other weight unit), (2) its 
direct ion, (3) its sen.se (see 10), and (4) its position or its point of applica¬ 
tion. 

10 . When a force is represented by a line, the length of the line 
mnv be made to represent by scale the amount of the force, and its direction 
ami position may often be made to indicate those of the force, while the sense 
of the foice may l>e shown by arrows or letteis affixed to the lines, or by the 
bigns, 4- and —. 

Thus, the directions of the forces represented by lines a and 6, Fig. 1, are 
vertical, and those of c and d are horizontal. The sense of a is upward, of b 
downward, of c right-handed, of d left-handed. Thus, a and b are of like 
direction, but of opposite sense; and so with c and d. In treating of vertical 
or horizontal forces, we usually call upward or right-handed forces posi¬ 
tive, and downward or left-handed forces negative, as indicated by the 
signs, -|- and —, in Fig. 1. When a force is designated by two letters, at¬ 
tached to the line representing it, one at each end of the line, the sense of the 
force mav be indicated bv the order in which the letters are taken. Thus, in 
Fig. 1, having regard to the directions of the arrows, we have forces, e f. hg, 
k l, and n m. 

11. Idne of Action, etc. The point (see 5) at which a force P, Fig 2, 
is supposed to be applied, as a, is called its point of application. Bui 
the force is transmitted, ov the particles, throughout the body (see 6), and 


f ^ ^ k _ l m n 

f« -b + r —d 

rig. i. rig. 2. rig. 

the effect of the force, as regards the body as a whole, is not changed if it 
bo regarded as acting at any other point, as b, in its line of action. We 
may therefore regard any point in that line as a point of application of the 
force. For instance, the tendency to move the stone, Fig. 2, as a whole, will 
not be changed if, instead of pushing it, at a, we apply a pull (in the same 
direction and in the same sense) at b; and if a weight, P, be laid upon the 
top of the hook, at&, Fig. 3, it will have the same tendency, to move the 
hook as a whole, as it has whpn suspended from the hook as in the Fig. 

A force cannot actually be applied to a bodv at a point outside of the sub¬ 
stance of the body, as between the upper and lower portions of the hook in 
Fig. 3, yet this j>ortion also of the line a h is a part, of the line of action of the 
force. The vertical foice, exerted by the weight. P, is transmitted to b by 
means of bending moments in the bent portion of the hook. 

12. Stress. (See Art. 1, Strength of Mateiials, p. 454.) Opposing 
forces, applied to a body by contact (see Art. 5 c, p. 332). cause stress, or the 
exertion of iutermoleeular force, within it, or between its particles, tending 
to pull them apart (tension) or to press them closer together (compression). 
The stress, due to two equal opposing forces, is equal to one of them. 

Tension and Compression. Ties, Struts, e*c. If the action of 
the forces tends to pull farther apart the particles of the body upon which 
they act, the stress is called a tension or pull, or a tensile stress. If it 
tends to press them closer together, the stress is called a pressure, com¬ 
pression or push, or a compressive stress. A long slender piece sustaining 
tension is called a tie. One sustaining compression is called a strut or 
post. One capable of sustaining either tension or compression is called a 
tie-sf rut o- st rut -1 ie 
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13. Moments. If, from any point, o, or o', Fig. 4, a Tine, o e or o' t, be 
drawn normally to the line of action, nrn.ofa force, Pi, whether the point ,o 
or o', be within or outside of the body upon which the force, P lt is acting, said 
line, o c or o' a. Is called the arm or leverage of the force about such point; 
and if the amount of the force, in lbs., etc., be multiplied by the length of the 
arm, in ft„ etc., then the product, in ft.-lbs., etc., is called the moment of 
the force about that point.* The moment repiesents the total tendency of 
the force to produce rotation about the given point. A force has evidently 
no moment about any point in its line of action. 

14. Sense of Moments. Since the moment of P) about o, Fig. 4, 
tends to cause rotation (about that point) in the direction of the motion of 
the hands of a clock, as we look at the clock and at the figure, or from left to 
right, as indicated by the arrow on the circle around o, it is called a clock¬ 
wise or right-hand moment; but the moment of the. same force about o' 
tends to produce rotation from right to left. Hence it is called a counter¬ 
clockwise or left-hand moment, as is also that of P« about o. Right- 
hand or clockwise moments arc conventionally consicfcrcd as positive, 
or -S and left-hand or counter-clockwise moments as negative, or—. 

13. The plane of a moment is that plane in which lie both the line 
of action ana the arm of the force. 

16. The resultant or combined tendency of two or more moments in 
the same plane is equal to the algebraic sum of the several moments. Thus. 
Fig. 4, if the forces, Pj, P 2 , and P* are respectively 6, f>, and 3 lbs., and if 
the arms, oc, oy, anti o e, of their moments about o are iespectively 7, 6, and 
3 ft., we have 

Pi. o c — Pj. o y J P..o c 
= 6X7 — 5 X 0 f 3 X 3 
= 42 -- 30 + 9 21 ft-lbs. 




Fig. 6. 


17, If the algebraic sum of the moments is. zero, they are in equilibrium 
and tend to cause no rotation of the body about the given point. 

Thus, in Fig. 5, where W is the weight, and G the center of gravity of the 
body, and R the upward reaction of the left support, a, taking moments 
about the right support, b, we have R l — W x — zero; or R l — W x. Hence, 

having W, z and l, to find R, we have R = . . 


Similarly, in Fig. 6, where W “ weight of beam alone, and o, the center of 
gravity of W, is at the center of the span l, so that the leverage b a of the 

weight of the beam about b, is •» t -, Wc take moments about b, thus: 


Rl 




Mm — N i 


Mm +• N n r 


l 


l 


•Note that a very small force may have a great moment alxiut a point, 
while a much greater force, passing nearer to the same point, may have • 
smaller moment about it; or, passing through Ike point, no moment at all. 
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1 n Fig. 7, where W is the weight of the beam itself, and w its leverage, tak¬ 
ing moments about b, we have 

1-RliOo —Nn — W + M m =* 0; 

Hence, Reaction at a - U - 4 N " 7 M - m ~ 0 

In any case, if W be the combined weight and G the common center of 
gravity, of the beam and its several loads, and x the horizontal distance of 
that center from the right support, 6; and if l be the span, R the reaction of 
the left support, a, and It' that of the right support, b, we have 

W T 

R «= t ; and R' - W — R. 

I W 

If * ~ Rte- ” = R\ 



Fig. 7. 

Note that the moments of two or more forces, about a given point, 
may be in equilibrium, while the forces themselves are not in equilibrium. 
See 84, below. 

18. Center of Moments. So far as concerns equilibrium of moments, 
it is immaterial what point is selected as a center of moments; but it is gen 
erallv convenient to take the center of moments in the line of action of 
one (or more, if there be concurrent forces, see H 19) of the unknown forces, 
for we thus eliminate that force or those forces from the equation. 

CLASSIFICATION OF FORCES. 

19. Classification of Forces. Concurrent, Colinear, Coplanar. 
and Parallel Forces. Forces are called concurrent when their lines of 



Fig 1 . 8. Fig;. 9. 

action meet at one point, as a. b, c, d, e and /, or / and g, Fig. 8; non-concur¬ 
rent when they do not so meet, as c and p; colinear when their lines of action 
coincide, as a and b, or c and d; nou-eolinear when they do not coincide, as 
b and /; coplanar when their lines of action lie in one plane,* as a, b, c, d and 
e, or b, { and g, etc.; non-coplanar, as c and g. or b, / and d, when they do not 
lie in one plane; parallel when their lines of action are parallel, as 6 and g\ 
non-parallel when those lines arc not parallel, as 6 and /. 


♦Acting vpon a plane, as in Fig. 9. must not be confounded with acting in 
that plane, as in Figs. 70. 
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Any two parallel force' must be coplannr Three or more parallel forces 
may or may not lie eopl.rn.ir Any two concurrent forces must be coplanar. 
Thiee or moie umeuircnt femes in.i\ or in.iv not be cotilan.ii Any two coplunar 
fences mu t in* either parallel or concurrent 


COMPOSITION AND RESOLUTION OF FORCES. 

20. KcMlltant. A sintile force, wlileh can piodure, upon a body con- 
sldeied as a whole, the same effect as two or more Riven forces combined. Is 
called the re»i'lUnt of those forces Thus, In Fig 10 (ft). a downward pres¬ 
sure, <1, =: w \V. is the icsultant of the downward piessurcs ir and W; 
and. in Fig. 11 (ft), a downwntd piesstmi, — W —is the resultant of the 
downward pressure \V and the upwaid pull w of the left-hand stiing * 

21. Component. An* two or more forces which, together, produce, 
ui»on a body considered as a whole, the same effect as one chon force, aie 
called the components of that force, which Unis becomes their resultant 
Thus, in Fig. 10 (ft), to and W arc the components of the total force, (3, — 
«e -j- W. In Flu. 11 (6), -J- W (= 5) and to (= — 3) are the components of U.* 

22. If we take into account the* resultant of any Riven forces, those forces 
(components) themselves must of course he left out of account, as regards 
their action upon the bodv as a whole; although we mav still have to con¬ 
sider their effect upon its particles \ ice versa, if the forces (components) 
are considered, their resultant must be neglected. 


A 



FlB.ll. 


23. Anti-resultant. The anti-resultant of one or more forces Ir a single 
force which, acting upon any body or system of bodies considered as a whole, 
produces an effect eoual, but opposite, to that of their resultant. In other 
words, tne anti-resultant is the force required to hold the given force or 
forces in equilibrium. Thus, in Fig. 10 (b), the upward reaction, G, of the 
ground, is the anti-resultant of the two downward forces, w and W; and the 
downward resultant, W + w, of W and w, is the anti-resultant of G. In 
Fig. 11 (6), G (upward) is the anti-resultant of W (downward) and w (acting 
upward through the left-hand string). Similarly, this upward pull of w is 
the anti-resultant of W and G. 

24. In any system of balanced forces (forces in equilibrium), any one of 
the forces is the anti-resultant of all the rest; ami anv two or more of them 
have, for their resultant, the anti-resultant of all the rest. In such a system, 
the resultant (and the anti-resultant) of all the (balanced) forces is zero. 

25. Anti-component. The anti-components of a given force, or of a 
given system of forces, are any two or more forces whose resultant is the anti- 
resultant, of the given force or of the given system of forces. 

20. Composition and Resolution of Forces. The operation ot 
finding the resultant of any given system of forces is called the composition ot 
foroes; while that, of finding any desired components of a given force is called 
the resolution of the force. 


* For convenience, we here reverse the convention of H 10. 
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Colinear Forces. 

27. Let the vertical line, v>. Fig. 10 (6), represent, by any convenient 
scale, the weight of the upper stone in Fig. 10 (u), and W that of the lower 
btone. Then, m -f W, « G, = the combined length of the two lines, gives, 
by the same scale, the combined weight of the two stones, and a vertical line 
O, coincident wath them, equal to their sum, and pointing upward, would 
represent their anti-resultant, or the reaction of the ground. 


.(«) (6) (C) 



28. Similarly, if, at each panel point of the lower chord in the bridge 
truss in Fig. 12 (a), we have 2 tons dead load (weight of bridge and floor, 
etc.*) and 10 tons live load (train, vehicles, cattle, passengers, etc.), the com¬ 
bined length of the two lines in Fig. 12 (6), L =* 10, and L) = 2, gives the tota. 
panel load of 12 tons. 

29. In Fig. 11 the pressure, 5 lbs,, of W upon the ground, is diminished by 
the 3 lbs. upward pull of the cord, transmitted from the smaller weight v>, 
leaving 2 lbs. upward pressure to be exerted by the ground in order to main¬ 
tain equilibrium. The upward reaction, R, of the pulley is **■ w + W — G 
°=3 + 5 — 2 “=■ 6. This is represented graphically in Fig. 11 (c). 

30. In the truss shown in Fig. 12 (a), the total dead and live load is — 6 
X 12 ■=■ 72 tons, and half this total load, or 36 tons, rests upon each abut¬ 
ment. Hence, to preservo equilibrium, each abutment must exert an up¬ 
ward reaction of 36 tons; but, in order to ascertain how much of these 30 
tons is transmitted through the end-post, a c, we must deduct from it the 12 
tons which we n~ mme to be originally concentrated, as dead and live load, 
at the pmel point o; for this portion is evidently not transmitted through 
a c. Accordingly, in Fig. 12 (c), we draw It upward, and equal by scale to 
36 tons: and, from its upper end, draw p downward and — 12 tons. The 
remainder of R. R — p -* 36 — 12 «=• 24 tons, : s then the pressure trans¬ 
mitted through a c. 

31. Colinear forces are called similar when they are of like sense, and 
opposite when of opposite sense. The same distinction applies to result¬ 
ants. 

b « o c d m 
h i—>— W- - | < i < I 

Fiff. 13. 

32. For equilibrium, under the action of colinear forces, itia, 

of course, necessary that the sum of the forces acting in one sense be equal to 
the sum of those acting in the opposite sense, or, in other words, that the 
algebraic Bum of all the forces be zero. Thus, in Fig. 13, if the forces are in 
equilibrium, the sum, b a + a o, of the two right-handed foroes must be 
equal to the sum. e d + d c + c o, of the three left-handed forces. Or, con¬ 
sidering the right-handed forces, b a and a o, as positive, and the left-handed 
forces, e d, dc and c o, as negative, as in ^ 10, we have, as the condition oi 
equilibrium of colinear forces: 

b a + ao — oc — cd — de ~ 0. 


•The dead load is, of course, never actually concentrated upon one chord, 
where indicated; but it is often assumed, for convenience, that it is so 
ooncentrated. 
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In other words, the algebraic sum of all the forces must be zero’, or, more 
briefly, 

2 forces = 0, 


where the Greek letter 2 (sigma), or sign of summation, is to be read “The 
•urn of— 

33. Two equal and opposite forces, acting upon a body, are com¬ 
monly said to keep it at rest; but, strictly speaking, they merely prevent each 
other from moving the body, and thus permit it to remain at rest, so far as 
they are concerned; for they cannot keep it at rest against the action of any 
third force, however slight and in whatever direction it may act; and the 
body itself has no tendency to move. 

34. Unequal Opposite Forces. If two opposite forces, acting upon 
a body, are unequal, the smaller one, and an equal portion of the greater 
one, act against each other, producing no effect upon the body as a whole; 
while the remainder, the resultant, moves the body in its own direction. 


Concurrent.Coplanar Forces. The Force Parallelogram. 

35. Composition. Let the two lines, a o, bo, in any of the diagrams of 
Fig. 14, represent, in magnitude, direction and sense, concurrent forces 
whose lines of action meet at the point o. Then, in the parallelogram, acbo, 
formed upon the lines a o, b o, the resultant of those two forces is repre. 
Bented, in magnitude and in direction, by that diagonal, 11, which passes 
through the point, o, ci concurrence. The parallelogram, a c b o, is called a 
force parallelogram. 



( 6 ) ('•) 





Tig. 14. 



36. Resolution. Conversely, to find the components of a given force, 
o c. Fig. 14, when it is resolved in any two given directions, oa, ob, draw the 
lines, o a', o b\ in those directions and of indefinite length, and upon these 
lines, with the diagonal It = o c, construct the force parallelogram acbo. 
The sides, o a, o b, of the parallelogram then represent the required compo¬ 
nents in amount and in direction. 

37 . Caution. The two forces, a o and b o. Fig. 14, may act either toward 
or from the point o ; or, in other words, they may act either as pulls or as 
pushes; but the lines representing them in the parallelogram, and meeting at 
the point, o, must be drawn, either both as pushes or both as pulls; and the 
resultant, R, as represented by the diagonal of the parallelogram, will be a 
pull or a push, according as the two forces are represented as pulls or as 
pushes. 

38. Thus, in Fig. 15 (a), the inclined end-post of the truss pushes obliquely 
downward toward o, with a force represented by a ' o, while the lower chord 
pulls away from o, toward the right, with a force represented by o b‘. If, 
now, we were to construct, in Fig. 15 (a), the parallelogram o a ' c' b', we 
should obtain the diagonal o c' or c* o, w-hicli does not represent, the true re¬ 
sultant. In fact, as one of the two forces acts toward, and the other from, 
the point, o, we could not tel! (even if R' were the direction of the resultant) 
in which tense its arrow should point. 

We must first either suppose the push, a' o, in the end-post, toward o, to be 
carried on beyond o, so as to act as a pull, o a. Fig. 15 (6) (of course, in th* 
same direction and sense as before), thus treating both foroes as pull*; « 
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else we must similarly suppose the pull, o 6', in the chord, to be transformed 
into the push, b o, of Fig. 15 (c), thus treating both forces as pushes. In 
either case we obtain the true resultant, R (= a' b', Fig. 15 a), which, in this 
case, represents the vertical downward pressure of the end of the truss upon 
the abutment. 



Caution. The tensile force, exerted at the end of a flexible tie, neces¬ 
sarily acts in the hne of the tie; but, in general, the pressure, exerted at 
the end of a strut, acts in the line of the axis of the strut only when all 
the forces producing it are applied at the other end of the strut. Thus, 
in Fig. 15 (d), the components, R and II, of the weight, W, do not coin¬ 
cide with the axis of the beam which supports the load; but in Fig. 15 
(e), where the weight acts at the intersection of the two struts, its com¬ 
ponents, R and H, do coincide with the axes of the struts. See also Figs. 
143 and 145 (M. 

39. Demonstration. The rational demonstration of the principle ot 
the force parallelogram is given in treatises on Mechanics (See Bibliog¬ 
raphy.) It, may be established experimentally as indicated in Fig. 16, 
where c o represents by scale the pull shown hy the spring balance C, while 
e a and o b represent those shown by A and B respectively 



40. Equations for Components and Resultant. Given the 
amounts of the forces, a and c, or of the resultant, R, and the angles formed 
between them, Fig. 17 (a), we have*: 


* See dotted lines. Fig. 17 (a), noting that c' — c; c. ein (x + y) — R. aia 
*, and a. ein (x + v) ■= R- sin y. 
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Fiff. 17. 

41. Position and Sense of Resultant. Figs. 18 If the lines 
representing the components be drawn in accordance with Till 37 and 38, 
and if a straight line, m n or m' n', be drawn through the point, o, of concur¬ 
rence, in such a way that both forces are on one side of that line, then the line 
representing the resultant will be found upon the same side of that line with 
the components, and between them; and it will act toward the line, m n or 
m' n', if the components act toward it, and vice versa The resultant is 
necessarily in the same plane with its two components 



Fig. 18. Fig;. 19. 


42. If one of the components is colinear with the force, it is the force itself, 
and the other component is zero. In other words, a force cannot be resolved 
into two non-col inear components, one of which is in the line of action of the 
force. Thus the rope, o c, Fig. 19, may receive assistance from two ad¬ 
ditional ropes, pulling in the directions a c, and c b\ for the resultant of their 
pulls may coincide with o c ; but, so long as o c remains vertical, no stni/U, 
force, as c a or c 6, can relieve it, unless acting in its own direction c o. 

43. In Fig 20, the load, P, placed at C, Is suspended entirely by the verti¬ 
cal member B C, and exerts directly no pull along the horizontal member, 
C E. Neither does a pull in the latter exert any effect upon the force acting 
in B C, so long as BC remains vertical. But the tension in B C, acting 
at B, does exert a thrust o a along B D, although that member is at right 
angles to B C; for B C meets there also the inclined member A B; and 
the tension o a is thus resolved into o a and o b, along B D and B A 
respectively. The horizontal thrust, o a, in B I), is really the anti-resultant 
of the horizontal component, d b, of the oblique thrust in the end-TJOBt R A 
at its head. B, which thrust is the pull in A E, due to P. 
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44. In Fig. 21, the tension, o c, in the inclined tie, I) G, is resolved, at D 
Into o a and o b, acting at right angles to each other along D F and 1) K re 
speetively. 

45. A resultant may be either greater or less than either one of its tw< 
oblique components, but it is always less than theii sum. It the component- 
are equal, and if the angle between them — ] 20°, the resultant is equal to on< 
of them. Therefore the same weight which would break a single vertioa 
rope or pos*, would break two such ropes or posts, each inclined 60° to th< 
vertical 



The Force Triangle. 

40. The Force Triangle. Inasmuch as the two triangles, into which s 
parallelogram is divided by its diagonal, are similar and equal, it is suffi 
cient to draw either one of these triangles, a o c or b o <, Fig*. 14, 10, 18, in¬ 
stead of the entire parallelogram 

47. If three concurrent coplanar forces are in equilibrium, the lines rep¬ 
resenting them form a triangle; and the arrows, indicating their senses 
follow each other around the triangle Thus, in Fig. 22 (a), we have, actinj 
at o and balancing each other there, three forces: viz., (1) the vertical down' 
ward force o c of the weight, acting as a pull through the rope o e, (2) th< 
horizontal thrust a o through the beam a o, and (3) the upward incline*, 
thrust b o of the strut o b, ali acting in the senses (o c, a o,b o) in which th< 
letters are taken, and as indicated by the arrows. 

48. Each of the forces in Fig. 22 (6) and (c) is the anti-resultant of th< 
other two in the same triangle; and, if its sense be reversed, it becomes theii 
resultant. Thus, o c, Fig. 22 (?>), is the anti-resultant, and c o the resultant 
of c a and a o ; and o c. Fig. 22 (r), is the ant i-resultant, and c o the resultant 
of c o and b o, cb being parallel to a o. Fig (6). and representing the thrusl 
exerted by the horizontal beam against the joint o, Fig. (a).* 



Fijf. 22. 


*Fig. 22 (d) and (e), representing the same two foices, a o, b o, of Fig 
22 (a), show the ertoneoux resultant (a b) obtained if the lines are drawi 
with their arrows pointing both tow ard or both from the meeting-point of tin 
lines. See H1I 37, 38. A comparison of any force parallelogram, as tha 
in Fig. 18, with either of the two force triangles composing it, will shov 
that this, while apparently contradicting 37 and 38, is merely anothei 
statement of the same fact The apparent contradiction is due to th* 
fact that, in the force triangle, the lipes representing the forces do no 
meet at the point, o, of coneuirence of the forces. 
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49. Conversely, if the three sides of a triangle be taken as representing, 
in direction and in amount, three concurrent forces whose senses are sucn 
that arrows, representing them and affixed to their respective sides in the 
triangle, follow each other around it, then those forces are in equilibrium. 

50. The three forces, Fig. 23, are proportional, respectively, to the 
lines of their opposite angles. Thus: 


Force a : force b : force c 

*= Sin A : sin B : sin C. Fig. 23. 


51. Example. In Fig. 24, the half arch and its spandrel, acting as a 
angle rigid body, are assumed to be held in equilibrium by their combined 
veight, W, the horizontal pressure h at the crown, and the reaction It of the 
.kewback, which is assumed to act through the center of the skewback. In 
•he force triangle c « t, c «, acting through the center of gravity of the half 
irch and spandrel, represents the known weight W, and s t is drawn horx- 
;ontal, or parallel to h . From c, where h, pioduced, meets the line of ac¬ 
ton of W, draw c t through the center of the skewback. Then a t and c I 
five us the amounts of h and R respectively. 




Fig. 24. 



52. Example. Let Fig. 25 represent a roof truss, resting upon its abut- 
nents and carrying three loads, as shown by the arrows. Draw a R ver- 
ic&lly, to represent the proportion of the loads carried by the left abut> 
nent, o, or, which is the same thing, the vertical upward reaction of that 
ibutment. Then, drawing R c, parallel to the chord member, a d, to inter¬ 
ject o e in c, we have, for the stresses in a e and a d, due to the three loads; 

Stress in a e = a c 
“ “ ad =» Rc 




FI*. 26. 

53. While any two or more given forces, as o b and 5 c. Fig. 26 (a) (arrows 
reversed), or o b' and 6' c, or o a and a c, or o a ' and a' c, can have but one re¬ 
sultant o c; a single force, as o c, may be resolved into two or more concur¬ 
rent components in any desired directions. In other words, there is an 
infinite number of possible system*} of concurrent forces which have o c for 
their resultant. 
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Rectangular Components. 

54. Resolutes, or Rectangular Components. A very common case 
of resolution of forces is that where a force, as the pressure, c n, of the post, 
Fig. 27, is to be resolved into components at right angles to each other, as are 
the vertical and horizontal components c t and t n in Fig. 27 (a). Two such 
components, taken together, are called the resolutes or rectangular compo¬ 
nents of the force. The joint, o d, in Fig. 27 (a), is properly placed at right 
angles toe n; but the joint c i b, Fig. 27 ( b ), provides also against accidental 
changes in the direction of c n. In Fig. 27 (o), the surfaces, c i and t b, are 
preferably proportioned as the components, c t and t n, Fig. 27 (a), respec¬ 
tively, by similarity of triangles, cib,ctn. 


b c n 




55. Example. In bridge and roof trus.-.es it is often required to find the 
vertical and horizontal resolutes of the stress in an inclined member, or to 
find tiie stress brought upon an inclined member by a given veitical or hori¬ 
zontal stress applied at one of its ends, in conjunction with another stress 
(whose amount may or may not be given) at right angles to it. 

Thus, in Fig. 28, the tension C p in the diagonal Cd is resolved into a com¬ 
pression e p along the upper chon! member C D* and a compression C e in the 
post C c.* Adding to 0 e the load at c, and representing their sum by / c, we 
nave tension f g in chord member c d, and tension c g in the diagonal B c. 
Making B h *» c g ,we have j h, compression in B C, and B j, compression in 
the end-post or batter post B A. But the load at b also sends to B, through 
the hip vertical B b, a load (tension) equal to itself Representing this by 
B k , we have Ik as its component along the chord member B C, and B l as its 
component along the end-post B A. Now, making Am- the sum of Bj 
and B l, we find the vertical resolute An = so much of the vertical reaction 
of the abutment as is due to the three loacis only, and the horizontal reso ute 
m n = the corresponding stress in the chord member, A c. 



Fig. 29. Fig. 30. 


56. Example. Inclined Plane. Again, in Fig. 29, let it be required 
to find the two resolutes of P (the weight of the ball) respectively parallel and 
perpendicular to the inclined plane. The former is the tendency of the ball 
to move down the plane, and is called the tangential component. The 


♦The stress thus found is not necessarily the total stress in the member. 
The compression in C c (neglecting its own weight and that of the top chord) 
is due entirely to the tension C p in C d, acting at its top, and hence C e i ep. 
resents the total compression in C c; but e p is only a portion of the com¬ 
pression sustained by 0 I); for B C also contributes its share toward this. 
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latter ib the pressure of the ball against the plane, and is called the normal 
component. 

Here we have only to draw the triangle of forces o a c* drawing o c — P to 
represent the weight of the ball, and o a and a c in the required directions. 
Then o a and a c give respectively the normal and the tangential components 
of the force, I\t 

If we suppose the inclined plane q m, Fig 29, to be frietionless, and if 
the body o is to be prevented from bliding down the plane, by means of a force 
applied in a direction parallel to the plane, that force must be = c a. 

Thus, in Fig. 30, supposing the plane o m to be ftictionlesb, we have a c 
= pressure against the stop, a - 

58. Table of normal and tangential components for different 
angles of inclination: 


Inclination or Slope of the Plane. 

vertical height 
Tta .loping longtl i. =. - 

Pres on 
Plane, m 
parts of the 
wt. Or, nat 
cob of angle 
of Plane. 

Pres on 
Plane, in tbs 
per ton. 

Tendency 
down the 
Plane, in 
parts of the 
wt Or. nat 
sine of augle 
of Plane. 

Tendency 
down the 
Plane, In 0>i 
per ton. 

frt 

Bor. 

Ft per mile 

Deg 

Mm. 








18 
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1962 
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9 

28 
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2223 






8 

20 

9939 
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43 
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5 

00 
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2231 






4 

48 
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0831 
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4 

00 
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52 

9*487 






229 04 

2 

30 

<1*190 






211.20 

2 
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1 
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1 

9 
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0 

57* 
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0 
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28 0 
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0 

38 
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* Or o b c. If both triangles are drawn, we have the force parallelogram, 
oac b. 

tThe line a c (or e a) is called the projection of o c upon the inclined 
plane; and o a (or a o) is the projection of o C upon a normal to the inclined 
plane 
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59. Equations. In Fig. 29, 

## ■ P. cop c o a 
a c •“ P . sin c o a 

and, since the angle c o a between the vertical o c and the normal component 
o a is equal to the angle A of inclination between the plane g m and the hori¬ 
zontal g n, w'e have. 

Noinial component, oa — P . cos A. 

Tangential component, a c — P . sin A. 

00. When a force is resolved into rectangular components, as in Figs. 29 
and 30, each of these components represents the total effort or tendency which 
that force alone can exert m that direction. 



Fig. SI. 


Thus, in Fig 31, the utmost force which the weight o c alone can exert 
perpendicularly against the plane is that represented by the component o a. 
True, if, in order to prevent the body from sliding down the plane, we apply 
a force in some other direction, such as the horizontal one, h o, instead of the 
tangential one b o, and find the components of o c in the directions h o and o a, 
we shall find tlie normal component o d greater than before; but the increase 
a d is due entirely to (tie normal component, h 6, of the horizontal force h o. 
Thus, the only effect upon the body o, and upon the plane, of substituting 
h o for b o. is to add the normal component, h b, of the former, to that (o u) 
of o c. 


Stress Components. 

61. Stress Components. In Fig. 32. let a o and b o be any two forces, 
and c o their resultant. Fiom a and b draw a a' and b b ' at right angles to 
the diagonal o c of the force paiallelogiam a o b c, and construct the sub¬ 
parallelograms (rectangles), o a' a a" and o b' b b". Each of the original com¬ 
ponents, o a, o b, is thus resolved into two sub-components, perpendicular to 
each other, one of which is perpendicular also to the resultant, o c, while the 
other coincides with o c in position and m sense. Now, perpendiculars, let 
fall from the opposite angles of a parallelogram upon its diagonal, are equal. 



c c 


Fig. 32. 

Hence the two colinear forces, o a" and o b", acting upon the body at o, are 
equal and opposite (although the lines, a ' a and b' u, representing them, are 
not opposite). Hence also they are in equilibrium, and their only effect 
upon the body is a stress of compression in Fig. 32 (n), and of tension 
in Fig 32 (&). They may therefore be called the stress component*. The 
other two sub-components (o a' of o a, and o b r of o b) combine to form the 
resultant o c, which is equal to their sum, and which tends to move the body 
* *o its own direction. 

28 
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62. The two great forces, o a, ob, in Fig. 33 (M have the same resultant, 
o c, == o c', as the two small forces, oa'o b', in rig. 33 (a), although their 
stress components, a" a, 6" b, are much greater. 

63. It often happens that one of the components is itself normal to the 
resultant.. Thus, in Fig. 22, where o c is vertical, its component, o a, is hori¬ 
zontal, and the perpendicular, let fall from a upon o c, represents its hori¬ 
zontal anti-component, a o. Here the horizontal and the inclined beam 
sustain equal horizontal pressures; but the vertical pressure, a c, = the 
weight, W, is borne entirely by the inclined beam. 



64. When, as in Fig. 34, the resultant, o c, forms, with one of the original 
components, o a and o b, an angle, aoc, greater than 90°, the perpendiculars, 
a a\ b b', from a and 6, must he let fall upon the line of the resultant produced. 
Here, however, as before, the two equal and opposite sub-components, o a" 
and o b ", are in equilibrium at o, while the other two sub-components, o b' and 
o a', go to make up the resultant o c; which, however (since o b' and o a ' hero 
act in opposite senses) is equal to their difference, and not to their sum, as in 
Fig. 32. 

Fig. 34 shows that a downward force, o c, may be so resolved that one of its 
components is an upward force, o a, (treater than the original downit'ard foice, 
and that the pressure, o b, has a component, o b' or b" 6, parallel to o c, and 
greater than o c itself; for 6" 6 = o b' — o c -} c b\ 


Applied and Imparted Forces. 

65. Applied and Imparted Forces* In Fig. 29, the ball is free to 
roll down the inclined plane. Hence, although the entire weight P of the 
ball is applied to the body g m n, only the normal component o a is imparted 
to it or exerts any pressure upon it,, and this pressure is in the direction o a. 

But in Fig. 30, the body g mn receives and resists not only the normal 
component o a, but also (by means of the stop s) the tangential component 
o b; and the entire force r, or o c, is thus imparted to the body g mn, press¬ 
ing it in the direction oc. 


Composition and Resolution of Concurrent Forces by Means 
of Co-ordinates. 

66. In Fig. 35 (a) let the three coplanar forces E, F and G act through 
the point x. Draw two lines, H H, and V V, hig. 35 (&), crossing each 
other at right angles, as at o.* These lines are called rectangular co-ordin¬ 
ates. From o, draw lines E o, F o, G o, parallel to E x, F x, G x. Fig. 35 (a), 
and equal respectively to the forces E, F, and G by any convenient scale. Re¬ 
solve each of these forces, Fig. 35 (b), into two components, parallel to H II 
and V V respectively. Thus, E o is resolved into t o and no, F o into v o 
and e o, G o into io and m o. Then, summing up the resolutes, we have: 
Sum of horizontal resolutes = no — io — to = — so, and 
Sum of vertical resolutes = no I e o — mo » a o; 


♦It is only for convenience that the co-ordinates are usually drawn (as in 
Fig. 35) at right angles. They may be drawn at any other angle (see Fig. 
36); but, in any case, the forces must, of course be resolved into components 
parallel to the co-ordinates, whatever the directions of those co-ordinatee may 
be. 
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and — 90 and a o are the resolutes of the resultant, R, of the three forces, E, 
F and G. 

67. When a system of (concurrent) forces is in equilibrium, the algebraic* 
sum of the components of all the forces, along either of the two co-ordinates, 
is zero. Thus, in Fig. 35 (6) or 36, if the sense of R be such that it shall act as 
the anti-resultant of the other three forces E, F and G, its component, o s or 
on, along either co-ordinate, will be found to balance those of the other 
forces along the same co-ordinate. 



Flic. 35. 


Hence we have the very important proposition that : When a system of 
concurrent coplanar forces is in equilibrium, the algebraic sums of their com¬ 
ponents, in any two directions, are each equal to zero. 



68. Conversely, in a system of concurrent forces, if the algebraic sums ol 
the components in any two directions are each equal to zero, the forces are 
in equilibrium. 

If the sum of the components in one of any two directions is not equal to 
zero, the forces cannot be in equilibrium. Thus, in Fig. 35 (6) or 36 (6), the 
sum of the components, ulong either one (as VV) of the two co-ordinates, 
may be zero; and yet, if the sum of those along the other co-ordinate ie 
not zero, their resultant, or algebraic sum, will move the body, on which 
they act, in the direction of that resultant. 


*The components being taken as + or —, according to the sense of each. 
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69. With vertical and horizontal co-ordinates, the condition ot 

equilibrium* becomes: 

The sum of the horizontal resolutes must be equal to zero; 

The sum of the vertical resolutes must be equal to zero; 

or, more briefly: 

2 horizontal resolutes = 0 
2 vertical resolutes — 0 

Conversely, if these conditions are fulfilled, the forces are in equilibrium. 



70. Resultant of More than Two Coplanar Forces. Where it 
is required to find the resultant of more than two concurrent and coplanar 
forces, as in Fig. 37, we may first find the resultant Rj of any two of them, 
as of Pj and P 2 ; then the resultant, R-, of R, ami a third force, as P 3 ; and so 
on, until we finally obtain the resultant R of all the forces. This resultant is 
evidently concurrent and coplanar u ith the given forces. 

71. It is quite immaterial in what order the forces are taken. 
Thus, we may, as in Fig. 38, first combine Pi and P d ; then their resultant Rj 
with P 2 , obtaining R.; and, finally, lt 2 with P 4 , obtaining R;or, as in Fig 39, 
we may first combine any two of the forces, as Pj and P._>, obtaining their 
resultant Ri; tnen proceed to any other two forces, as P., and P lt and obtain 
their resultant Ro; and finally combine the two resultants, Rj and R«, ob¬ 
taining the resultant R. 


The Force Polygon. 

72. The Force Polygon. Comparing Figs. 37 and 38 with Figs 40 
and 41, respectively, we see that we may arrive at the same resultant R by 
simply drawing, as in Fig. 41, lines representing the several forces in any 
order, but following each other according to their senses. It will be noticed 
that this is merely an abbreviation of the process of drawing the several force 
parallelograms. 

73. Resultant and Anti-resultant. The line,—R, required to com¬ 
plete the polygon, represents the anti-resultant of the other forces if its sense 
is such that it follows them around the polygon, as in Fig. 40. If its sense is 
opposed to theirs, as in Fig. 41, it is their resultant, R. 

74. In other words, if any number of concurrent forces, as Pj, Pg, P* Pi 
and R. Figs. 37 and 38,t are in eauilibrium, the lines representing them, if 
drawn in any order, but so that their senses follow each other, will form a 
closed polygon, as in Fig. 40 (or in Fig 41 if the sense of R be reversed). 

76. Conversely, if the lines representing any system of concurrent 
coplanar forces, when drawn with their senses following each other, form a 
closed polygon, as in Fig. 40, those forces are in equilibrium. 


♦With non-concurrent forces, another condition must be satisfied. See f 83. 
tR is here regarded as tending upward, so as to form the anti-resultant of 
the other forces. 
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It will bo noticed that the force triangle, and the straight line representing 
a system of colinear forces. Figs. 10 and 11, IHf 20, etc, or a system of 
parallel forces, Figs, do, etc , 111 , etc., are merely special cases of the 

force polygon. 

76. In a force polygon, Fig. 42, any one of the forces is the anti-resultant 
of all the rest. Any two or more of the forces balance all the rest; or, their 
resultant is the anti-resultant of all the rest. 

If a line a c or 6 d, Fig. 42, be drawn, connecting any two corners of a force 



Fljf. 40. 



polygon, that line represents the resultant, or the anti-resultant (according as 
its arrow is diawn) of all the forces on either side of it. Thus: 


o c is the resultant of P. P-. and the anti-resultant of Pa P 4 P & 

cu.P, P 4 .P* - " “ P, P 2 

b d “ “ “ P« P ;i ” “ “ P 4 P 6 P, 

d b “ “ P 4 P : , P, “ Pg Pj 


77. Knowing the directions of all the forces of a system, as Pj.P.„ 

Fig. 42, and the amounts of all but two of them, as P-j and P 3 , we may find the 
amounts of those two by first drawing the others, P* P 5 and Pi, as in the 
figure. Then two lines b c and c d. drawn in the directions of the other two 
and closing the polygon, will necessarily give their amounts 



I’iK* Fig. 44. 


78. If any two points, as o and c. Fig 43, he taken, then the force or forces 
represented by any line or system of lines joining those two points will be 
equivalent to o c. Thus: oc — oabc — ode ~ on pc — ohk me * 
0 h me — ofc — 0 g c, etc, etc. 

Similarly, in Fig 42, the force polygon a b c d e a is equivalent to the force 
polygon ab f d e a, and to the force triangle, ah c a. each being — zero. 

Non-concurrent Coplanar Forces. 

70. Non-concurrent Coplanar Forces. Fig 44. The process of 
finding the resultant of three or more coplanar but non-concurrent forces is 
the same as if they were concurrent. Thus, let P|, P« and P, represent three 
such forces.* We rnay first find the resultant R) of any two of them, as P 2 


*Anv two coplanar non-parallel forces, as P| and Po, or P-> and P 8 are 
necessarily concurrent (see 1| 19); but there is no single point in which 
the three forces meet. 




376 


8TATIC8. 


and P s ; and then, r>y combining Ri with the remaining force Pj, we find the 
resultant R of the three forces. Here the line R represents the resultant, not 
•nly in amount and in direction, but also in position. That is, the line of 
action of the resultant coincides with R. 

80. The resultant R is the same, in amount and in direction, as if the 
forces were concurrent, and its position is the same as it would have been if 
their point of concui renee were in the line of R. If there are more than three 
forces, we proceed in the same way. 

81. Conversely, the resultant R, or any other force, may be resolved 
into a system of any number of concurrent or nonconcurrent coplanar forces, 
in any directions, at pleasure. Thus, we may first resolve R into P ( and R]; 
then either of these into two other forces, as R| into and P. t , and so on. 

82. If a system of non-concur lent, coplanar forces is in equilibrium, the 

forces will still be in eqitilibnurn if they arc so placed as to lie concurrent; 
provided, of course, that their directions, senses and amounts remain un¬ 
changed; but it does not follow that a system of forces, which is in equilib¬ 
rium when concurrent, will remain in equilibrium when so placed as to be 
non-concurrent. . 

Thus, the five forces, P,.P-„ Fig. 45 (a), may be so placed, as in lug. 

45 (6), that the resultant a c, of Pj and P 2 , ‘does not coincide with the re¬ 
sultant c a of P^ P 4 and Pr„ but is parallel to it. These two resultants then 
form a couple. (See Uf 155, etc.) 


a 



83. Third Condition of Equilibrium. Jfencc, the conditions of 
equilibrium for concurrent forces, stated in U 69, 

2 vertical components *=* 0 
2 horizontal components => 0 

do not suffice for non-concurrent forces, and a third condition must be added, 
viz.:— 

2 moments *= 0; 

i. e., the moments of the forces, taken about any point, must be in equilib- 
rium. 

A system of forces in equilibrium has no resultant; hence it has no moment 
about any point. In other words, the moments of the forces, as well as the 
forces themselves, are in equilibrium. 

84. The resultant of a system of unbalanced non-concurrent 
forces, acting upon a body, may be either 

(1) a single force, acting through the center of gravity of the body; or 

(2) a couple: i. e., two equal and parallel forces of opposite sense (see 
HI! 155, etc.); or 

(3) either (a) a single force, acting through the center of gravity of the 
body, and a couple; or (b) a single force acting elsewhere tha» through the 
center of gravity of the body. 

In Case (3), the two alternative resultants are interchangeable; t e., a 
single force, acting elsewhere than through the center of gravity of the body, 
may always be replaced by an equivalent combination consisting of an equal 
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parallel force, acting through the center of gravity of the body, and a couple; 
and vice versa. See UH 161, etc. 

The resultant gives to the body, in Case (1), mqtion of translation m a 
straight line, witnout rotation; in Case (2), rotation without translation; 
and in Case (3), both translation and rotation. Bee foot-note (♦), II 1. 

85. The force polygon, U 72, Figs. 40, etc., and the method by co¬ 
ordinates, H 66, Fig. 35, therefore, give us only the amount, direction and 
sense of the resultant of non-concurrent forces, and not its position. To find 
the position of the resultant of non-concurrent forces, we may have recourse 
to a figure, like Fig. 44, where the forces are represented in their actual posi¬ 
tions, or to the cord polygon, H H 86, etc., Fig. 46. 


The Cord Polygon. 

86. In the force triangle any two of the three lines may be regarded as 
representing, by their directions, the positions of two members (two struts 
or two ties, or one strut and one tie) of indefinite length, resisting the third 
force; while their lengths give the amounts of the forces which those mem¬ 
bers must, exert in order to maintain equilibrium. 



Fig. 26 (repeated). 


87. Tlius. in Fig. 26 ( b), are shown four different systems, of two mem* 
bers each, inclined respectively like the forces c b ami b o in Fig. 26 (a) and 
balancing the third force o c. The stresses in these two members are given 
by the lengtlis of the lines c b and b o in Fig. 26 (a). 

The members acting as struts are represented, in Fig. 26 (6), as abutting 
against flat surfaces, while those acting as ties are represented as attached 
to hooks, against which they pull. 

In Fig. 26 (c) and (<f) are indicated systems of members, inclined like the 
forces c a # and a' o, c a and a o, respectively, of Fig 26 (a), by which the third 
force o c might be supported. 

88. In the force polygon abed e a. Fig. 46 ( b ), representing the four 
forces, Pi, P», P3,1%, of Fig 46 (a), if we select, at pleasure, any point o 
(called the pole) and draw from it a series of straight lines oa,ob, etc. (called 
rays), radiating to the ends, a, b, c, etc., of the lines Pi, Ps, etc., representing 
the forces, we snail form a series of force triangles, aob,boc, etc. 

Thus, in the triangle ah owe have the force Pj, or a b, balanced by the two 
forces o a and b o; in the triangle b c o, the force P s , or 6 c, balanced by the 
two forces o b and c o; and so on. 

89. The Cord Polygon. If, now, in Fig. 46 (a), we draw the lines a 
anti b, parallel respectively to the rays o a and o b of Fig 46 ( b ) and meeting 
in the line representing the force Pj, they will represent the positions of two 
tension members of indefinite length, which will balance the force Pi by ex¬ 
erting forces represented, in amount as well as in direction, by the rays o a 
and b o, Fig. 46 (6). Again, taking pole o', Fig. 46 ( b ), instead of o, we have 
a' and b', Fig. 46 (o'), parallel respectively to the rays, o' a and o' b, and rep¬ 
resenting a pair of struts performing the same duty. 

90. Similarly, the lines b and c. Fig. 46 (a), parallel respectively to rays o b 
and o c, represent two tension members, which, with stresses equal respeo* 
tively to o l and c o, Fig. 46 (6), balance the force Pa. 
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91. We thus obtain, finally, a system of five tension members, a b c d 
Fig. 46 (a), which, if properly fastened at the ends a and e respectively, will, 
by exerting forces represented lesuectively by the rays, o a, o 6, o c, etc.. Fig. 
46 (6), balance the four given forces Pi, P«, P 3 and 1*4. 

92. The figure abode, Fig. 46 (a), is called a cord polygon, funiculat 
polygon, or equilibrium polygon. 

93. Resultant, Anti-resultant. Amount and Direction. In the 
force polygon, Fig. 46 (6) or (d), the line e a, joining the end of the last force¬ 
line d e with the beginning of the first one a b, represents the anti-resultant of 
the given system of four forces, and a e their resultant. Evidently, there¬ 
fore, the rays a o and o e, which represent two components of a e, represent, 
also, in direction and in amount, two forces which would balance e a, or which 
would he equivalent to the given system of (four) forces. 



94. Position of Resultant. Hence, in the cord polygon, Fig. 46 (a), 
the intersection, i, of the cords a and c, parallel respectively to the rays o a 
and e o, is a point in the line of action of the resultant R; and, if we imagine 
a i and e % to be rigid rods, and apply, at i, a force, — R, equal and parallel to 
a e, but of opposite sense, that force will be the anti-resultant of the (four) 
given forces, and we shall have a frame work b c d i of cords and rods, kept in 
equilibrium by the action of the five forces, Pj, Pj, Pg, P 4 and — R. 

95. The choice of position of the pole, o, in the force polygon, Fig. 46 (6). 
does not affect the resultant, R ; but it does affect the shape of the cord 
polygon, Fig. 46 (a) or (a'). Thus, with the forces drawn m the order shown 
in (6), and with the pole, o, on the right, we obtain, as in Fig. la), a Benes 
of supposed ties, a, b, c, etc.; but, with the pole, o', on the left (forces drawn 
as before) we obtain a series of struts, a', b', d, etc.. Fig. (o') 

96. In constructing the cord polygon, Fig. 46 (a), (o'), (r), and (e), car* 
must be taken to draw the cords in t.heir proper places; and for this it is nec¬ 
essary to remember, simply, that the two rays pertaining to any particular 
force line in the force polygon. Fig 46 ( b ), represent those members which, 
in the cord polygon, Fiar 46 (a), take the components of that force. 
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Thus, o a and b o. Fig. 46 (6), pertain to the force Pi; o b and e o to the 
force P 2 . Hence, in Fig 46 (a) or (c) we draw a and b (parallel respectively 
to o a and 6 o) meeting in the line of action of P]; 6 and c (parallel respect¬ 
ively to o b and c o) meeting in the line of action of P«, etc., etc. 

97. Each ray in the force polygon, Fig. 40 (?•), including the outside ones, 
is thus seen to pertain to two forces, and each lorce has two rays. The two 
cords, parallel respectively to the two rays of any force, must be drawn to 
meet in the line of action of that force; and each cord must join the lines of 
action of the two forces to which its parallel ray pertains. The lines, a, b, c. 
etc , in the cord polygon, Fig 46 (a) and (c), give merely the inclinations of 
members winch, as there arranged, would sustain the given forces. The 
lengths of these lines have nothing to do with the amounts of the stresses. 
Those are given by the lengths of the corresponding rays m the force polygon, 
Fig. 46 (b). 



98. If the anti-resultant force, — R, is not applied, the cords a and e may 
he supposed fastened to firm supports, against winch they exert stresses rep¬ 
resented, in amount and in direction, by the rays a o and o c„ respectively. 
But the resistances of those two supports are plainly equal and opposite to 
those stresses, or equal to o a and e o respectively. Hence, Iheir resultant is 
the anti-resultant, — R, of the four origins 1 forces. 

99. If, Fig 46 (e), the two end members a and e were attached merely to 
two ties, V and V', parallel to the anti-resultant, ■—R, they would evidently 
draw the ends of those ties inward toward each other. To prevent this, let 
the strut k be inserted, making it of such length that the ties V and V' may 
remain parallel to — R, and draw o k, Fig. 46 (6), parallel to k. Then a k 
and k e give the stresses in V and V' respectively. 

100. If the anti-resultant. — R, found bv means of the force polygon, b« 
applied in a line passing through the intersection of the outer (initial anc 
final) members in the cord polygon, all the forces, including of course th< 
anti-resultant, will be in equilibrium. In other words, coplanar forces an 
in equilibrium if they may be so drawn as to form a closed force polygon, ant 
if a closed cord polygon may be drawn between them. But if the anti-re¬ 
sultant be applied elsewhere, we shall have a couple, composed of the anti- 
resultant, — It, and the resultant R of the forces. 



380 


STATICS. 


Concurrent Non-coplanar Forces. 

101. Any two of the concurrent forces, as o a and o c. Fig. 47 (a) or (6), are 
necessarily coplanar. Find their resultant, o r, which must lie coplanar with 
them and with a third force o b Then the resultant, R, of o r and n b is the 
resultant of the three forces. If there are other forces, proceed in the same 
way. 

102. No three non-coplanar forces, whether concurrent or not, can be in 
equilibrium. 

103. Force Parallelopiped. The resultant of any three concurrent 
non-coplanar forces, o a, o b, o c, Figs. 47, will be represented by the diagonal 
o R, of a parallelopiped, of which three converging edges represent the three 
forees. 

104. Methods by Models, (a) For three forces. Construct a 
box, Fig. 47 (a) or ( b ), with three convergent edges representing the three 
forces in position and amount. Then a string o R, joining the proper corners, 
will represent the resultant. 



Or, let ao, bo, c o, Fig. 48 («). l>e three forees, meeting at o. Draw on 
pasteboard the three forces a o, b o, c o, as in Fig. 48 (6), with their actual 
angles nob, boc.coa, and find the resultant w o of the middle pair, 6 o and 
c o. Cut. out neatly the whole figure, a o a c «• h a. fviake deep knife- 
scratches along o b, o c, so that the two outer triangle.-- may be more readih 
turned atanglcs to the middle one. Turn them until the two edges a a, o n 
meet, and then paste a piece of thin paper along the meeting joint to keep 



them in place. Stand the model upon its side o b tr c as a base, and we shall 
have the slipper shape a o b w. Fig. 48 (c); o w being the sole, and a o b the 
hollow foot. In the model, the force a o and the resultant w o of the other 
two forces, are now in their actual relative positions To find their resultant 
cut out a separate piece of pasteboard, R a o w, with R a and R w parallel 
respectively to tr o and a o. Draw upon each side of it the diagonal R o. 
Paste this piece inside the model, with its lower edge ti> o on the line w o, Fig, 
48 (6), ana its edge a o in the corner a o This done, R o represents the re¬ 
sultant of a o, b o, co, Fig 48 (a), in its actual position relative to them. 

105. (b) For four forces, as a o.b o, co, do, in Fig. 49. Draw them as in 
Fig. 49 (a), with their angles a ob, hoc, etc. Draw also the resultants v o, of 
o o and 6 o; and wo, of co and do. Then cut out the entire figure, as before, 
and paste together the two edges a o, a o. Hold the model in such a way 
that two of its planes (as a o b and bo c ) form the same angle with each other 
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as do the two corresponding planes between the forces. Then we have the 
two resultants vo, w o. Fig. 49 (6), in their actual relative positions. Cut out a 
separate piece of pasteboard R v o w, Fig. 49 (6). draw the diagonal Rood 
each side of it, and paste it inside the model, with o a and o w on the corre¬ 
sponding lines of the model. Then R o will represent the resultant of the 
four forces ao.b o co.do in its actual position relative to them. 

ihe model may be made of wood, the triangles a o b, b o c, etc., being cut 
out separately, the joining edges bevelled, and then glued together. 



Non-concurrent Non-coplanar Forces. 

100. Non-concurrent Non-coplanar Forces. Fig 50(a). (For par¬ 
allel non-coplanar forces, see HH 110. etc ) Resolve each force into two rec 
tangular components, one normal to an assumed plane, the other coin 
riding with the plane * Find the resultant of the (coplanar) components 
coinciding with the plane, by methods already given, and that of the normal 
(parallel) components, by 110, etc. If these two resultants are coplanar, 
t.iey are also concurrent, and their resultant (which is the resultant of the 
• 'stem) is readily found 

107. If not let V, Fig 50 (6), be the resultant normal to the plane, and II 
(lie resultant lying in the plane Bv 1! 162, substitute, for H, the equal and 
naralLe.l force 11 meeting V at O, and the couple H . 0 «, and find the result- 
i>' ' j'/i V a , *' 1 S y s tem of forres is thus reduced to the single force 

It and the couple 11 ()« I\»i Couple-', see «' 155 



?! N«n-coplanar Forces. The action of the weight 
W of the wall, I'lg .>1 («), and of the non-coplanar forces Pj and P«, may be 
thp K-pr-wit. lhc-;d”e y “ 

tt tends to turn, while the bars or levers represent, the 
fon ^'i, lS °, far as regards the overturning stability of the 
n r it *u ody and ** ca P able of turning only about the edge 

o c it is immaterial whether an extraneous force, as P,, is applied at p or at 
iY n0t 1 I n,1 i atenttl “ regards a tendency to swing the wall 
horizontally, or to fracture it; or as regards pressures (and conse¬ 
quent fnction)J}etween the axle a' c' and its bearings. For equilibrium, Pj m 

— P 3 h + W. ^ • Here a torsional or twisting stress is exerted in the axle, 


♦Wires, stuck in a board representing the plane, v ill facilitate this. 
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and the pressures of its ends in the bearings are more or less modified; but, 
so far as merely the eouilibrium of the moments is concerned, we may sup¬ 
pose all of the forces and their moments to be shifted into one and the same 
plane, as in Fig. 51 (r). 

109. In cases like that represented in Fig. 61, it is usual, for convenience, 
to restrict ourselves to a supposed vertical slice, s, 1 foot thick, and to the 
forces acting upon such slice; supposing the weight of the slice to be concen¬ 
trated at its center of gravity, and the extraneous forces to be applied in the 
same vertical plane with gravity In effect, we are then dealing with a 
slice indefinitely thin, but having the weight of the 1-ft. slice 



PARALLEL FORCES. 

110. The resultant of any number of parallel forces, whether 

they are in the same plane or not, and whether in the same direction or not, 
is parallel to them and — their algebraic sum. 

Coplanar Parallel Forces. 

lft. The resultant of any number of coplanar parallel forces 

is in the same plane with them, whether the forces are of the same or 
of opposite sense; and the leverages, or arms, of such forces, and of their 
resultant, about any given point in the same plane, are in one straight line. 
Thus, in Fig 56 (a), where the five forces, a, b, c, d and e arc in one plane, their 
resultant, R, is in that same plane; and the leverages of the forces, and 
of II, about any point, as b or i\ in the same plane, are in the straight line 11 v. 



m 



112. The resultant, R, or anti-resultant, Q, Fig. 52, of two parallel 
forces, a and b, intersects any straight line, u v, joining the directions of 
the two forces. Hence, if three parallel forces are in equilibrium, they are 
in the same plane. In Fig. 52 (a), the two forces, a and 6, are of like 
sense. R is then between a and b, and H - 6 + a. In Fig. 52 (6), a and 
b are of opposite sense. R is then not betweeu o and b, and R =» b — a. 
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113..To find the position of the resultant, draw and measure any straight 
line, u v, joining the lines of action of the forces. It is immaterial whether 
u v is peri>cndicular to said directions, or not. The line representing the 
resultant cuts u v, and its position is found thus: 

6 , a 

u t = u v X p ; and v i = u v X . 



Hr. 5». 



Fi K . 54. 


114. This may be conveniently done by making u v equal, by any conve¬ 
nient scale, to the sum of the forces, as in Fig 53, where u v = 42. Then 
make u i equal, by the same scale, to the force at v, or v i equal to the force at 
u. Then a line, R. Fig 52 (</), drawn through i parallel to a and b, gives the 
position and direction of their resultant; and its amount is equal to the sum 
of a and b; or R = a -t- b. In other words, if a force, Q, parallel to a and b, 
and equal to their sum, hut of opposite sense, lie applied to the body any¬ 
where in a line passing through t. it will balance a and 6, or will be their anti¬ 
resultant. 



(«) Fl|f. 55. (h) 


115. The position of the resultant, so found, satisfies the condition of 
equilibrium of moments: thus, b.vi — a iti *= zero. 

If the two forces arc equal, their resultant R is evidently midway between 
them. 

116. In the common steelyard. Fig. 54, the two forces a and 6. of 
Fig. 52 (a), are represented by the two weights, a = 3 pounds at u, and 6 — 
1 i>ound at v, with leverages t ri and vi respectively, as 2 : 6, or as 1 :3. 
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It will be noticed that in Fig. 56 (a) the resultant, R, owing to the posi 
tions and amounts of the several forces, falls outside of the system of giveD 
forces. 

117. Figs. 55 to 58 illustrate the application of the cord polygon (HH 86 
to 100) to coplanar parallel forces. Here the force polygon is necessarily a 
straight line. 



118. Resolution. Let Fig. 57 (a) represent a beam bearing a single 
concentrated load, a, elsewhere than at its center; and let it be required 
to find the pressure on each of the two supports, w and x. 


X 




Draw X a, Fig. 57 (5), to represent the load a by scale, and rays X O, a O, 
to any point O not in the line X a. In Fig. (o), from any point, t, in the 
vertical through the point, a, where the load is applied, draw i s and i r, 
parallel respectively to 0 X and O a. Join r «, and in Fig. (6) draw O w par¬ 
allel tors. Then the two segments, w a and X w, of X o, pive by scale the 
pressures upon the two supports, w and x respectively. The greater pres¬ 
sure will of course be upon the support nearest to tne load; but we may 
be guided also by remembering that the segment X tv, adjoining the radial 
line 0 X in Fig. (6) represents the pressure on that support, x. Fig. (a), 
which pertains to the line i a parallel to 0 X; and vice versa. 

119. Fig. 58 represents a case where there are several loads on the 
beam. Here the intersection, t. of the lines h a and k r, Fig ; (a), drawn 
parallel respectively to O X and c O, Fig. (6) shows the position of the 
resultant of the three loads. Her**, as in Fig. 57, we join r a, Fig. (a). 
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and draw 0 to. Fig. (6), parallel to r a. Then X w. Fig. (6). gives tne 
pressure upon x, and w c that upon to. 



Non-coplanar Parallel Forces. 

120. Non-coplanar Parallel Forces. Fig. 59 («). Between the 
lines of action of any two of the forces, as a and 6, draw any straight line, u v, 
and make 

b v a 

u i - u v A --- : or v t = u v X -r . 

a -r b a -r b 

Through t draw R', parallel to a and b, and equal to their stim. Then 
is R' the resultant, of a and b. Then, from any point, i, in the line of action 
of R', draw t z to any point, z, in the line of action of c, and make 
c R' 

ik - -- i z X ——=r, ; or z k *- % z X —~TV> • Through k draw R parallel to 

C I It 0 T it 

b and c, and equal by scale to their sum. Then is R the resultant of the 
three forces, a, b and c. If there are other forces, proceed in the same way 
with them. 



(«) FI*. 59. (6) 


121. In Fig. 50 (a) we have showm the forces, a and c, acting upon surfaces 
raised above the general plane, merely in order to illustrate the fact that it is 
not at all necessary that the forces be supposed to act upon or against a plane 
surface. 

122. Although Fig. 50 (a) illustrates the method of finding the resultant 
of non-coplanar parallel forces, yet it plainly does not give the actual relative 
positions of the forces and their resultant; because it is necessarily drawn in a 
kind of perspective, and therefore all the parts cannot be measured by a 
scale. The true relative positions may of course be represented in plan, as 
by the five stars, a, b, c, i and A;. Fig. 50 (6), corresponding to the points where 
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the forces and resultants intersect some one chosen plane. But it is now 
impossible to represent the forces themselves by lines. They must there¬ 
fore be stated in figures, as is here done. It is then easy to find the positions 
of the resultants, as before 

123. If there are also forces acting in the opposite direction, as 
d and e. Fig. 59 (a), find their resultant separately. We thus obtain, finally, 
two resultants of opposite sense. These resultants may be equal or unequal, 
and cohnear or non-colmear. If they are non-colineur, see 1j 84, and Couples, 
Till 155, ete. 

124. Method by projections. Fig. 60. First find the projections, 
a', b' and c' of the forces, a. b and c, upon any plane, as j- »/, parallel to 
them; and then their projections, a", b", and c", upon a second plane, x v, 
parallel to them and normal to the first. Find the position, R', of the re¬ 
sultant of a', b' and c\ in plane x y, and that R". of a", b<” and c", in plane 
x v. Now, as the lines, a', b\ c', and a", b", c", are projections of the forces, 
a, b and c, so R', R", are projections of the resultant, R, of the forces. The 
position of R is therefore at the intersection of two planes. R R' and R R", 
perpendicular to the planes, x i/ and x v, and standing upon the projections 
R'and R", of the resultant. U. R • a r b • t. 



Fig. «0. 


CENTER OF GRAVITY. 

12V5. If a body, Fig. 1,* or a system of bodies. Fig. 2. be held successively 
in different positions, (a), li), etc., the resultant of the parallel forces of grav¬ 
ity, acting upon its particles and indicated by the arrows in the figures, will 
occupy different positions, relatively to the figure of the body oi system. 
That point, where all these positions, or lines of gravity, meet, is called the 
center of gravity of the body or system. Thus, if a homogeneous cylinder 
lie stood vertically upon either end, the line of gravity will coincide with 
the axis of the cylinder; but. if the cylinder be then hud upon its side, the 
line of gravity will intersect the avis at. right angles ami will bisect it. 
Hence, in the cylinder, the center of gravity is at the center of the axis. 

126. About the center of gravitv the moments of all the forces of gravity 
are in equilibrium, in whatever position the body or system may be lienee, 
the body, or system, if suspended by this point, and aided upon bv gravity 
alone, will balance itself; i. e., if at rest it will remain at rest; oi, if set ir. 
motion revolving about its center of gravity, and then left to itself, it will 
continue to revolve about that center indefinitely and with uniform angular 
velocity. Or. if suspended freely from any point, it will oscillate until the 
eenter of gravity comes to rest vertically under such point. 


* Figs. 1 to 45, relating to Center of Gravity, are numbered independently 
y{ the rest of the .seiie- of figures relating to Statics. 
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127. In some bodies, such as the cube, or other parallelopiped, the sphere, 
etc., the center of gravity is also the center of the weight of the body; but 
very frequently this is not the case. Thus, in a body a b, Fig. 2, with its 
center of gravity at G, there is more weight on the side a G, than on the side 
G 6. 



Stable, Unstable, and Indifferent Equilibrium. 

128. A body is said to be in stable equilibrium when, as in the pendulum, 
it is so susjHTided that, if swung a little to either side, it tpnds to oscillate 
until it corner to rest again, with its center of gravity vertically under the 
point of suspension. 

129. It i^ '■aid to lie in unstable equilibrium when, as in the case of an 
egg, stood upon its point, it is so supported that, if swung a little to eithei 
side, and left to itself, it swings farther out from the vertical and eventually 
falls 

1.20. It is -aid to be in indifferent equilibrium when, as in the case of a 
grindstone, supported by its horizontal axis, or of a sphere resting upon a 
horizontal table, it is ho suspended or supported that, if made to rotate about 
its center of gravity and then left to itself, it will continue in that state of rest 
or of angular motion in which it is left. 




(«) ( b ) 

Fl(f. 2. 


General Rules. 

131. The following general rules (1) to (6), form the basis of the special 
rules, (7) to (.29) 

In speaking of the center of gravity of one or more bodies, we shall assume, 
for simplicity, that they are homogeneous (i. e , of uniform density through¬ 
out) and of the same density with each other. The center of gravity is then 
the same as the center of volume, and we may use the volumes of the bodies 
(as in cubic feet, etc.) in the rules, instead of their weights (as in pounds, etc ). 

In applying these general rules to surfaces, use the areas of the surfaces, 
and in applying them to lines, use the lengths of the lines, in place of the 
weights or volumes of the bodies. 

In all of the rules and figures, pp. 288 to 398, G represents the center of 
gravity, except where otherwise stated. 

29 
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(1). Any two bodies, Fig. 3. Having found the center of gravity, g. g\ 
of each body, by means of the rules given below: then G is in the line joining 
g and g'; and 

ffO-wy weight of ^ 

sura of weights of g and # 

0'O-M' X_.weight .if g _ 

sum of weights of g and g* 



(9). Any number of bodies, as o, b and e, Fig. 4, whether their center* 
of gravity are in the same plane or not. 

First, by means of rule (1) find the center of gravity, g y of any two of the 
bodies, as a and b. Then the center of gravity, G, of the three bodies, a, b 
and c , is m the line gg f joining g with the center of gravity, g' of c; and 

,0-WX _welghtof c 

smn of weights of a, b and c ’ 

g* G -- ggf x mim weights of a and b . 

sum of weight-s of a, b and c 
and so on, if there are other bodies. 

(3). In many ca^-es, a single complex body may l>o supposed to be divided 
into parts whose peveral centers of gravity can bo readily found. Then the 
center of gravity of the whole may be found by the foregoing and following 
rules. Thus, m Fig. 6, we may find separately the centers or gravity of the 



two parallelopipeds and of the cylinder between them (each in the center of 
its respective portion of the whole solid); and in Fig. 6 the centers of gravity 
of the square prism and the square pyramid* (the latter by rule (.%), 
and then, knowing in either ease trie weights of the several parts, find their 
common center of gravity as directed in rules (1) and (2). 
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the center of gravity, g of the entire figure, as though it had no openings 
Then G is in the line gg', extended, and 

a G — gtf X _ sum of volumes ot openings 

* volume of entire body — volumes of opening 
*fQ — go* X volume of entire body 

volume of entire body -— volumes of openings 

Remark. For convenience, we have shown the several centers of gravity. 
«,< 7 /G, upon the surface of the figure. In the real solid (supposed to bed 
uniform thickness) they would of course be in the middle of its thickness 
and immediately under the positions shown in the figure. 

(5) . In any line, figure or body, or in any system of lines, figures or bodies, any 
plane passing through the center of gravity is called a 4 * plane of gravity” 
for said line, etc., or system of lines, etc. The intersection ol two such planes 
of gravity is called a “line of gravity.” The center of gravity is (1st) the 
intersection of two lines of gravity; ( 2 nd) the intersection of three pianos 
of gravity, or (drd) the intersection of a plane of gravity with a line of gravity 
not lying in said plane. 

If a figure or body has an axis or plane of symmetry (».a 'ine or plane 
dividing it into two equal and similar portions) said axis or plane is a line or 
plane of gravity. If a figure or body has a central point, said point is the 
center of graviiv. 

In Fig. 1, tlie string represents a line of gravity; anil any plane with 

who h tln> string coincides is a plane of gravity. Thus G may often be con¬ 
veniently found, especially in the case or a flat Ixwly, by allowing it to hang 
freely troin a string attached alternately at different corners of it, or by bal¬ 
ancing it in two or more positions over a knife-edge, etc., and finding G in 
either ease by the intersection of the lines or planes of gravity thus found. 

(6) . The graphic method of finding the resultant of parallel forces 
may often be advantageously used for finding the centei of gravity of a oom- 
IHiumi body or figure, or of a system of bodies or figures, when the centcisof 
giavity of the several parts are known. 

Tim*, m Fig. 8,let a, 6 and C represent three figures or bodies whose centers 
ol gravity are in one plane. Draw vertical lines through said centers,and 
construct the polygon of forces, ra be, Fig. 9 . making the lines xa, a 6 , etc., 
proportional to the weights of a, b and e; and lmtn any convenient point O 
draw radial lines Ox, Oa, etc. In Fig. 8 , draw «» h, win .tip, and pk, parallel 
respectively to O x, O n, O ft, 0 c. Then a vertical line, i G, drawn through the 
intersection, i, of in h and pk, is a lino of gravity of the system or figure. If 
the body or figtiro is gi/mmetrical , as in tne cross section of a T rail, I beam or 
deck beam, etc., the axis of symmetry, dividing the figure, etc. into two simi¬ 
lar and equal parts, is also a line of gravity, and its intersection with the line 
tG already found is the required center of gravity G. In such cases it is 
generally most convenient to draw the lines through the several centers of 
gravity perpendicular to tho axis of symmetry', so that the line of gravity 
found will also be perpendicular to it. 

But if. as in Fig. 8 , tho body or figure, etc., is not symmetrical, we must find 
a second lino of gravity, the intersection of which with tho first will give the 
center of gravity, G. To do this, repeat the process, drawing another set of 
parallel lines through tho several centers of gravity, Fig. 8 . It will be most 
convenient to draw them horizontally, or af right angles to those already drawn, 
and in the following instructions we suppose this to bo done. 
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Then draw a second funicular polygon. - n'n'p'i ', Fig. R, making the lines 
etc., perpendicular (instead of parallel) to the radial lines O x, etc., Fig. 9; 
and draw the second line of gravity, t'G, through i\ perpendicular to the first. 
Then G is at the intersection of the two lines of gravity. 


x 



The d-owing of the second funicular polygon is often less simple than that 
of thefir^lecause m the second the parollenines through the several renters 
of gravity do not necessarily follow each othennthc same order an in the first 
Bear in mind that the two lines (as n'p\ n' m f ) meeting in the parallel line 
(ashti") pertaining to anv given pnit, 6, of the hgure,rmi-d. lie perpendicular 
respectively to those radial lines (()«, 0 6) which meet the ends of the lmo, 
a6, that represents thr t same part. 

Figs. 30 and 11 show the application of the game process to an irregular fig¬ 
ure composed of three rectangles, a, b and e. The lettering is the same as m 
Pigs. 8 and 9; but in Fig. 10 it happens that V and p of tile second funicular 
polygon fall upon the same point 



11 the center-, of gravity of the several bodies, or oI tlieseveial parts of the 
oody. etc, are in more than one plane, we must find their projections upon 
eertain planes, and apply the process to those projections. 
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Special Rule*. 

<32. Special Rules derived from the general rules, (1) to (•). 
Lines. 


(T). Straight line. G is in the line, and at the middle of its length. 

( 8 ). Circular arc,* a o b. Figs. 12 and 13 (center of circle at c). G is in the 
.no co joining tho center of the circle with the middle of the arc, and 


cG — radius a c X 


chord ab 
length ol arc aob 


o 



Fig. 13 Fig. 13 


(Ha). If the arc is a semt-eircle,* 

eG — radius « c X ~ — radius a t X 01B66. 

i r 


( 86 ). Approximate rules for distance *G, Fig. 12, from chord to center ol 
gravity. 


If riae 8 o — .01 chord a b; s G =■* .666 s » 

“ - “ .10 “ “ ; “ =■ .665 a o 

* rt “ - .15 “ “ ; “ =» .6*3 HO 

* • « a. .20 “ « ; “ =* .660 s O 

* “ « — .25 “ “; « — .657 • o 


If rise 6 o .30 chord a b, 

lO- .653 8 0 

u 

“ “ — .35 “ 

“ 

“ —.649«o 

ii 

“ “ —.40 “ 

♦4 

• — ,645 10 

it 

« “ — .45 “ 

‘1 

“ -.641*3 

“ 

« « —.50 " 

- 

—.637*0 


(®). Triangle, a hr, Fig. 14. The center of 
gravity, G, of its three sides* is tho center of the 
circle inscribed by a triangle.de/, whoso corners 
are in tho centers of the sides of the given triangle. 

(10) . Parallelogram (square, rectangle, 
rhombus or rhomboid). Tho center of gravity 
of the four sides* is at the intersection of the 
diagonals. 

(11) . Circle, ellipse, or regular polygon. 

The center of gravity of the outline or circumfer¬ 
ence* is the center of the figure. 

(!*)• Regular prism . right or oblique, and right regular pyramid, 
or frustum. Tho center ol gravity of the edges* is the center of the axis 
In the prism, the position of G is not affected by either including or excluding 
i he sales of both of the polygons forming the ends 
:See p. 194. 



Nil r face*. 

A. Plane mirfaces. 

We now treat of the centers of gravity of plane surfaces, which may bf 
regarded a- infinitely thin flut bodies. The rules for surfaces may be used 
also for actual hat bodies, in winch, however, the center of gravity ie in thi 
middle of tho thickness, immediately under the points found by the rules. 

(13) Parallelogram (square, rectangle, rhombus or rhomboid). circle, 
ellipse or regular polygon. G is the center of the figure; or the intei 
section of any two diameters, ■ r the middle of any diameter. In a Pamllelo* 
gram, G is the intersection of the two diagonals. 

(14) . Triangle, Fig. 15. G is at tho intersection of lines (as as and ed 
drawn from any two angles, a and c, to the centers, e and d, of the sides, b< 

* We are now treating of lines only; not of the surfaces bounded by the* 
For surfaces, see rules (13), etc, etc* 
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and db, respectively opposite to said angles. Such lines are called “ medial lines.” 
e Hio«; dG = yi c d; fG ~ it bf (S being the middle of a c). 

6 



(14a). Pig. 15. Or, on eitner one of the sides (as a l), meeting at any angle, a, 
make a o = K a 6 . Draw o p parallel to the other side, a c. Then o G — o p, 
and G is at the intersection of o p with any medial line, as a e, etc. 

(146). Fig. 16. If aa', bb\ cc' and GG' are the distances of the three cor¬ 
ners and of G from any straight line or plane a'c’; then 


GG' = y$ (a a' + 6 b' + c c'). 


This gives us the position of the line of gravity G G". In the same way we 
find the distance G G" of G from any seoond line or plane, b" r" This gives 
us the position of a second line of gravity G G'. G is at the intersection of 
G G' and G G*. 


(14c). Fig. 17. The distance G n of G in any direction from any side, as a c 
(extended if necessary) is = ^ the distance v' b measured in a parallel direc¬ 
tion from the same side to the opposite angle, b. 


b 


Fig. 17 

It follows from this that the shortest distance, G o, of G from any side (as 
a c) is = H the shortest distance, o' 6 , from the same side to its opposite angle b. 
It follows also that p G = H V b, as in Rule (14) 

(15). Trapeiiam or trapezoid. Fig. 18. For trapezoids, Bee also Rule 
(16). Draw the two diagonals, a c and b d. Divide either of them, as a c , into 
two equal parts, a m and c m. From b, on b d, lay off b n ■= d s (or from d lay off 
dn=*bs). Join m n. G is in m n, and 

m G = H n. 

(G is the oenter of gravity of the triangle acn). 

d 


Fig. 18 

(15a). Or, Fig. 19, find first the centers of gravity, tn and n, of the two tri¬ 
angles, c b d and aid, into which the trapezium is divided by one of its diago¬ 
nals, b d. Join m n Then find the centers of gravity, o and p, of the two 
triangles, dac and bac, into which the trapezium is divided by its other diago¬ 
nal, a c. Join o p. Then G is the intersection of m n and o p. 
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(16). Trapezoid only. Fig 20. G is in the line e f Joining the oenterB, 
c and /. of the two parallel sides, a b and c d. To find its position in said line, 

r rolong either parallel side, as a b, in either direction, say toward i; and make 
i equal to the opposite Hide, c d. Then prolong said opposite side, c d, in the 
opposite direction, making d h = a b. Join h i. Then 6 is the intersection of 
h % and e /. Or 


/« 


ef 2 o b -f c d m 
3 a b + ed 


or 0 in = 


2 ab+cd 
a b + c d 





(17). Regular polygon. G is the center of the figure. 

(17a). Irregular polygon. If the polygon be divided into any two por¬ 
tions, as by any diagonal, G must be in the line (of gravity) joining the centers 
of gravity of those two portions. If we again divide the whole polygon into 
two other parts by another diagonal, and join the oenters of gravity of those 
two parts, G is the intersection of the two lines of gravity. 

(176). Or we may divide the polygon into triangles, find the center of 
gravity of each triangle, by Rules (14), etc., and then find G by general Rule 
(1), (2) or (6). 



(18), Circular sector, a ob c, Fig. 21. (Center of circle at c). 


cG ■ 


2 „ chord a b radius* X chord 

V radius a e X -r ..- 

3 arc a o b 3 X area 

For length of arc, see pp 179, etc. 

(18a). If the sector is a sextant, 

c G = radius X—- *» radius X 0 6366. 


(18b). If the sector is a quadrant, Fig. 22, 

cG = - radius X — * radius X 0.6002. 

3 v 

4 1 

c x » x G = radius X-. 

3 r 


(•8c). If the sector is a semi-circle, 

eO » radius X —— « radius X 0.4244. 

14 

— (approximately) radius X . 
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(19). Circular segment, nobs, Fig. 23. (Center of circle at cj. 

^ ^ cube <>f chord a b _ 

"" 12 X area of segment 

(19o). If the segment is a semi-circle, 

4 1 

cG “ — radius X- — radius X 0.4244 

3 xr 

14 

— (approximately) radius X — • 


o 



90). Cycloid, Fig. 24. (Vertex at c). 
7 J 

vG mm \i vd ‘ 



Ellipse, funopi Fig. 2fi. The center of gravity, c, of the whole 
is at the center of the figure. 



n 



G is the center of gravity of the quarter ellipse, one. 

G' “ “ “ “ “ half u nop. 

Qff H rnu mum «« mno. 

4 1 14 

CG'-. ~oc X — — 0.4244 o c — (approximately) ~^r o c. 

3 tt ** 

C O' - G<G *■ A cn X — 0.4244 e« — (approximately) - c „. 
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(93). Any plane figure. Draw the figure to scale on stout card-board, 
Out it out and balance it in two or more positions over the edge of a table ot 
on a knife-edge; and mark on it the several positions of the supporting edge 
Where these intersect is the center of gravity. Considerable care is of course 
necessary to obtain very close results by this method. Before balancing the 
card, its upper edges should bo marked off into small equal spaces. Otherwise 
it will be difficult to locate the positions of the supporting edge. The pape*' 
on which the figure is prepared must of course be so stiff that the figure will 
not bend when balanced on the knife-edge. See Rule (6). 


B. Surfaces of Solids.* 

(94) . Curved surface * of sphere or spheroid (ellipsoid). G is the centsr 

>f the figure. 

(95) . Curved surface* of any spherical zone, as a spherical segment** 

hemisphere , etc.. Figs. 27. G is the center of the axis or height, o o.f 
In the hemisphere, o G — radius.f 


a a a 



o o 


(96) . Right or oblique prism, whose ends are either regular figures 

or parallelograms (this includes the cube and other parallelopipeda); and 
rignt or oblique cylinder (eiicular or elliptic). Surface* (either including 
both or excluding both of the two parallel ends). G is the center of the axis, 
or line joining the centers of the two parallel ends. 

(97) . Curved surface *t of rightcone, Fig. 28(circular or elliptic), or slanting 
surlaces*t of right regular pyramid, Fig. 29. G is in the axis o a (the line 
joining the apex and the center of the base); and 

o G « 0 n . 

In an oblique cone or pyramid, the perpendicular distance of G*from the 
base is one-third of the porpendicular height,as in the right cone and pyramid; 
but does not lie ia the oris. 



r « top and base parallel. Figs 80 and 31. Curved sur- 

fsce*f of fnistmn <>l light cone (circular or elliptic); or slanting surfaces* + of 
irustuin of light regulai pymroid G is in the axis o a (the line ioinine the 
centers of the iwo parallel ends); and ' joining tn* 


oG 


1 

~ on X 


circumfe rence of o + 2 circum ference of n. 
circumference of o -f circumferenceof'«r 


*We treat now of the surfaces of solids, not of their contents or volume* tm 
weights. For these, see Rules (29), etc. volume* of 

♦ If the top or base is to be included, see Rule* ( 1 ) and (2), 
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FORCE IN RIGID BODIES. 


In the conic frustum, Fig. SO, we may use the radii of tho two ends; and 
in the frustum of a regular pyramid, Fig. 31, any side of each end (at 
6e and dc) instead of the circumferences. 



Solids. 

In the following rules for center of gravity of solids, the solid is supposed 
to be homogeneous; i. e., of uniform density throughout; so that the center of 
gravity is tne center of magnitude or of volume. 

(»«). Sphere and spheroid (ellipsoid). G is the center of the body. 

(30). Hemisphere, Fig. 32 . (Center of sphere at c). Height c T — radius 
eb. G is in the axis, c T, and 

cG ■= ~ cT — — radius cb. 


(31). Spherical sector, Fig. 33 . (Center of sphere at r). - 
eO — -- (radius c b -£-). 



(358). Spherical segment, a mb T, Fig. 34. Center of sphere at c. Center 
rfkweatm. Rise or height of segment — «T —■ h. G is in the axis nT; and 
_ 3 (2 radius c6of' s phere — h eight h) 2 

cG"4 X 3radius c6of sphere — height h 

height, A 2 (radius mb o f base)* + (heig ht, ft) 1 
2 X 3 (radius mb ot base)* + (height, A) 3 
height, h > 4 X ratlins c.b of sphere — hei ght, h _ 

"" 4 * 3 X radius e b of sphere — height, h 



Kiff.SS 


(33) . Spherical zone, Fig. 35. 

ot 2 (radius o b of base)* + 4 (radius t e of top)* + (height s t f § 

0G “ ~T X 3(radiuso b of base) 3 + 3 (radius tc of top) 3 + (heightof) 3 

(34) . Prism, regular or irregular, right or oblique (including the cube 
and other parallelopipeds), and cylinder, circular or elliptic, etc., regular 
or irregular, right or oblique. G is the center of the axis joining the center* 
of gravity of the two endB. 





(30). Cone, Figs. 40 and 41, circular, 
elliptic, etc., right or oblique; or pyra¬ 
mid, regular or irregular, right or 
oblique. The center of gravity G is in 
the axis 0 T, drawn from the apex, or 
top, T, to the center of gravity O of the 
base; and 


OG 


OT 

4 


T 



Fig. 4-0 



ITig. 4d. 


io xrruscum oi a cone, r igs. « ana circular or elliptic, right o* 
oblique; or of a pyramid, regular or irregular, right or oblique; provided tha 
ends A B ana C D are parallel. 


.Can the area of the large end A, and that of the small end a; and let k be 
tna height O Z of the fraatum, measured along its axis. Then 


15 












Fig. 43 


G is in the axis O Z, whicn joins the centers of gravity 0 and Z of the tme 
ends; and ita distance from the base, A B, measured along the aria, is 


OG - JL X A . 

4 A + /a a + * 

(37 aV In a frustum of a circular cone, right or oblique, with parallel 
ends, this becomes 

0 G s Jl X ^ 2 R r + 3 r 1 

•» R«“+ Rr + r*’ 

where R and r are the radii of the large and small ends of the frustum 
respectively. 

(38). Figs. 44 and 4.'). Frustum, A BCD, of a cone, circular, elliptic 
etc., right or oblique; or of a pyramid, regular or irregular, right or oblique; 
whether the ends are parallel or not. By rule (3fi) find the center of gravity • 
N of the entire pyramid (or cone, as the case mav be) A B T, of which the. 
frustum forms the lower part; and the center of gravity S of the smaller 
pyramid or cone DCT(« entire pyramid or cone, minus the frustum). Also 
find the volume of each : thus, 





O 

Fig,. 44 


O 

Fig. 40 


Volume of pyramid or cone - * [HTpeudioulMtoljM % 

ib4 

Volume of volume of volume of 

the frustum — entire pyramid — smaller 
A BCD or cone, A BT one,DCT 

Then the center of gravity G of the frustum A B 0 D in in the extensioa «l 
Ike line 8 N; and , 

volume of sm aller p yramid or cone, DCT 
NG - 8N X voiumeof~fru8tum, A B 0 D 


(33). Paraboloid* G it In the axis, and at one-third of its length (ns 
the base 


CENTER OP PRESSURE. 


€Kf» 


LINE OF PRESSURE. 

CENTER OF FORCE OR OF PRESSURE. 

Position of Resultant. 

133. In HU 133 to 154 we discuss the position of the resultant, or line ol 
pressure, of a system of parallel forces acting against a surface. For the 
changes in that position within a structure, clue to the action of non-parallel 
lorces, see Arches, Dams, etc., Till 251, etc. 

134. In a system of parallel forces, acting against a surface, the line erf 
pressure, or pressure line, is the position of the resultant of the forces; and 
the center of force or center of pressure is the point where the pressure line 
meets that surface against which the forces act. 

135. If the lengths of the lines which represent the forces be taken as rep¬ 
resenting weights, to scale, the:, the position of the pressure line is the line of 
gravity (see (5), II 131) corresponding to those weights. 

136. Thus, in Fig. 55 (a), 1 117, if the three forces, a, b and e, be taken 
as weights, represented to scale by the arrows, a, b ami c, respectively, then 
the resultant R of the three forces occupies the position of the line of gravity 
of the three weights. 

137. Again, in a mass of sand, Fig 61,* with an irregular surface, we may 



Fl«. 61 . 


tup pose the mass to consist of innumerable vertical columns of sand, of 
different heights, and exerting pressures proportional to those heights. Here, 
also, the pressure line is the vertical line of gravity of the mass, and the cen¬ 
ter of pressure against the base of the containing box is the point where said 
pressure line meets that base. 

138. Although we are usually concerned with forces acting against *ur- 
tacet, so that the lines representing the forces form a solid and not merely a 
surface, yet. in a majority of the cases which oocur in civil engineering, we 
may, for convenience, regard the forces as concentrated in a single plane, 
and therefore as acting against a mere line. 

139. Thus, in the case of an arch, pressing against its skewback, the pres¬ 
sure is ordinarily distributed over all or a considerable part of the bearing 
surface of the skewback; but we may, for convenience, regard it as concen¬ 
trated in a single plane, midway between, and parallel to, the two faces of 
the arch. 

140. Similarly, in the case of the water pressure against the back of a dam 
(or against a small strip of the back, extending from the water surface to the 
bottom, or to any other depth), the water, of course, presses upon the entire 
surface of such strip; but we may, for convenience, regard the pressure as 
concentrated in a vertical plane normal to the back of tne dam and meeting 
it in the vertical axis of the assumed strip. 

141. We have just seen (HU 138 to 140) that, when a system of parallel 
pressures acts against a surface, they may often be assumed tt act, in one 
plane, against a single lino—viz., the intersection of that plane with the sur¬ 
face. _ It also frequently happens that such foroes are so distributed along 
that line that the lines representing the forces are either of equal length or of 
lengths increasing uniformly from one end of the line to the other. 


♦Following Fig. 60, of Parallel Forces, f 124. Figs. 1 tc 45, illustrating 
Center of Gravity, are numbered independently of the rest of the aeries erf 
figures relating to Statics. . 
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142. Thus, in the ease of water resting upon a horizontal surface, Fig. 62, 
the pressure is uniformly distributed, and the diagram, Fig. (b), representing 
the pressures, is a rectangle bounded by a horizontal line, and its center of 
gravity, G, is at the center of the figure. Hence, the center of pressure, c, ia 
at the center of the line a b, or l. 

Here the unit pressure, p, is uniform, and R ~ p l. 




(ft)" 


Fiff. 63. 


143. But when the water presses horizontally against a vertical or in¬ 
clined surface, a b. Fig. 63, the unit pressure increases uniformly from zero, 
at the water surface, 6, to a inax at the bottom, a ; and the hor pressures 
are represented, in Fig (6), by the ordinates of the triangle b' a'd Since 
the resultant passes through the center of gravity, G, of the triangle, the 
center of pressure, c, is at such a depth that c a — } a b, and c' a' — i k. 
See Rule (14 c) under Center of Gravity. 

Here the mean horizontal unit pressure, p. is half the maximum horizontal 
pressure at u, and the total horizontal pressure is = p h. 



144. Again, if we consider onlv the water pressures against a certain part, 
a b, Fig. 64, of the depth of the back of a dam. the diagram. Fig. (6), repre¬ 
senting the horizontal unit pressures, becomes a trapezoid, composed of a 
parallelogram b' f, and a triangle b’ a’d, with their centers of gravity at g 
and rf respectively; and the center of pressure, c, on a b, is opposite their 
common center of gravity (center of gravity of trapezoid), G. If h lie the 
vertical depth of the portion considered, then 


a' c' 


h 25'e4- a '/ 
3 * b'e !«'/" 


See Rule (16) under Center of Gravity.* See also Center of Pressure, 
under Hydrostatics. 


Distribution of Pressure. 

145. Conversely, if two surfaces, as those of a masonry joint, are in such 
contact that the pressure is, or may be regarded as, regularly distributed, 
and if the position of the resultant is known, the rectilinear figure, represent¬ 
ing the distribution of pressure, may be drawn by means of the principles 
just stated. 


DISTRIBUTION OF PRESSURE. 
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146. In Figs. 65 to 68 inclusive, let 

o •* the center of the joint a b between the two surfaces; 

R “ the total pressure = resultant of all the pressures; 
c *=> point of application of resultant, R; 
i “ a b - the length of the joint; 

x — o c == the distance of the center of pressure from the center of the 


V “ — x “ a c “ distance of center of pressure from nearest end of 

joint; 

p •=* the mean unit pressure = --; 

p% = the maximum unit pressure; 
pb — the minimum unit pressure. 

147 to 154 apply equally whether the surface Is horizontal, vertical oi 
inclined, and whethei the forces are normal or inclined to it. 

147. If r is not greater than -j ,, or, in any case, if the joint is capable ol 
■ustaining tension, as well as compression, we have: 

Maximum unit pressure =* p* ^ p (1 '• • 

Minimum unit pressure — pi, - p (1 — 

If a-exceeds f., and if the joint is incapable of resisting tension, see *5 *1 
151, 152, 154. 



148. Demonstration. Tn Fig. 66, where the parallelogram a'tf repre¬ 
sents the total pressure R as it would be if uniformly distributed along l : we 
see that the moment of R, about o, which changes the parallelogram a* d into 
the trapezoid a' 1/ n m, i* equivalent to a couple (see Couples, f 155, etc ) 
composed of two forces—viz., a pressure, / (not shown) distributed over o a 
and represented by the shaded triangle on the left, and a tension, —/, or 
diminution of pressure, distributed over o b and represented by the triangle 
on the right. The forces. / and —/, act through the centers of gravity ol 
these two triangles respectively; and the distance of each of these centers 
of gravity^ from the center, o, of the joint, measured parallel to the joint 

j • 2 • Hence the distance between the two centers of gravity, meas* 
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ured parallel to the joint, is -- ^. Let x be the eccentricity, c o, of R. 

measured alone the joint, and let Au and Ac (not shown) be the lever arms 
of R and of the couple, respectively, about the center, o, of the joint. 
Then, since R is parallel to / and —/. Au to Ac, and x to /, we have: 

. A 21 
Au : Ac - r : 

21 

If R is normal to the joint, we have: Ar — x; anil Ac — . 



(fif 

L 



Pig. 65 (repeated). 



Fig. 66 (repeated). 


Now 

Hence, 


moment of R _ R Ar 
arm of couple Ac 
. R x R 3 x 3 t 
- 1-2 = P 2' 

"'3 “ 


The mean additional pressure on o a (or mean tension on o b) is 


and the corresponding maximum additional pressure is 


4 1 


3 x 


NOW p» =■ P I' / m “ P i V 


P(l 


v> 


/ 

it 


. , 6 * /1 6 t n 

and pv - v " L “ V — V j “ V U “ y )■ 

149. If, as in Fig. 65, the center of pressure, c, is at the center, o. of the 

surface, we have x *=■ oc - zero, and the pressure, R, is umfoimly distrib¬ 
uted over the surface. ^ 

150. “ The Middle Third.” If, as in Fig 67, x « g , -i c , if the re¬ 
sultant, R, of all the forces, meets the surface at the edge of the middle third 
of that surface, then p, » 2 p; and Pb *■ 0 See Uli 143 ami 148. 

151. When, as in Fig. 68 (a), x exceeds —i e , when the center of pres¬ 
sure, c, falls beyond the middle third of the surface of pressure, a portion, 
9 b, of the surface, is in tension, the maximum tension. p>„ Fig. 68 (6), 

being =» p (1 ~~~f) as above; maximum pressure - p (l 1- -y), and total 
pressure on a * — R plus the tension in a b; but if, as usually 




i/iSTJKii?u'i iujn uf rjttjasounui. 


TVO 


happens In masonry, the surfaces are incapable of resisting tension, the to*% T 
pressure, R, is simply concentrated upon a portion a v, Fig. 68 (a),of the sut 
face, a v being — 3 y. 

p» .. R R , 

Then, mean unit pressure on a v *» - ^ 


74 


3g 


‘3a 



152. Hence, in a joint incapable of sustaining tension. Fig. 68 (e), if p. — 

2 ,, is the maximum permiasible unit stress, the distance a c, from the cen* 
o y 

ter of pressure, c, to the nearest end of the joint, must not be less than y •* 
2 R 

a i4* 

163. It the joint can resist tension, Fig. 68 (b), we substitute, in the equa- 

Q x 1 

lion, 74 " V 0 + -f), the value of x — — — y, and, solving for y, w© havs 



154. The influence diagrams, Fig. 69 (see m 339, etc., and Trusses, 
1ITI 79, etc.), show the changes in the maximum and minimum unit pres¬ 
sures, 74 and 74, as the center of pressure, c, recedes from the center, ©, ol 
the joint. The diagrams are constructed for a mean unit pressure, p, of 1. 
If the surfaces of the joint are capable of sustaining tension, every part ol 
*oe joint always sustains either pressure or tension; and (see dotted lines, 
3U 
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Fig. 69) the maximum unit pressure, p* * 
proportionally with x; Incoming = 4 p 


6 r 

p (1 4 j ), see 1 146, increase! 
4 It 

when c reaches the end, a. 


of the joint, and when * = . The max tension, p b , is then = 2 p = 2 ^- 

But if the surfaces are incapable of sustaining tension (see solid lines, Fig. 

69), the increase of p, is proportional to x only so long as x < [ i. e., so 

o 

long as the resultant of all the pressures falls within the middle third of the 
base a b. . When that limit is exceeded, the maximum unit pressure, o„ 
begins to increase more rapidly than does the distance, x, of c, from the 
center, o, of the joint, the diagram becoming a rectangular hyperbola; so 
that, if the resultant could be actually applied at the very edge of the 
joint, the unit pressure there would become infinite. 



center of joint to center of pressure 
rig. 69. 


COUPLES. 

155. Couples. Two equal parallel forces, p and q, or p' and q\ Fig. 70,* 
of opposite sense, are called a couple. A couple has no tendency to move 
the body t as a whole in any straight line. In other words, the two forces, 
forming a couple, can have no resultant. Their only tendency is to make the 
body revolve about its center of gravity, G. and in the plane of the couple 
—t. e., the plane in which the two forces he. A body with a fixed axis can 
revolve only in a plane normal to that axis. The actual plane of rotation of 
a free body depends upon the distribution of mass in the body, and is not 
necessarily the plane of the couple. 


* Figs. 70 to 75 are supposed to be seen in perspective, and the forces arfl 
iupposed to act in the planes shown, 
t See foot-note (*), H 1. 
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156. The moment of a couple ia equal to the product of one of the 
two forces, p or g, into the perpendicular distance, d, between the two forces. 
Or, in our figures, 

moment of couple = p . d = q . d. 

157. Graphic Representation of Couples. A couple, M or N, Fig. 
70, is indicated, in amount, in direction and in sense, by a line, L or L\ 
normal to the plane of the couple, so placed that, looking along it toward 
that plane, the couple appears positive or right-handed, and of such length 
as to represent, by scale, the moment of the couple. In Fig. 70, the two 
couples M and N are of opposite sense. Hence the lines L and I/, repre¬ 
senting them, project in opposite directions from their respective planes. 



FiRf. 70. 



Fi|f. 71. 


158. Composition of Couples. If the lines. L and I/, Fig. 71, repre¬ 
sent two couples, in accordance with *§ 157, then the line R, completing the 
triangle, will, in the same way, represent their resultant or anti-resultant. 
As drawn, with its arrow follouring those of the other two sides, it represents 
their anti-resultant. For their resultant, the arrow on R, and that indicating 
the direction of rotation, must be reversed. 

159. Equality of Couples. Two couples, M and N, in the same plane, 
Fig. 72 or Fig. 73, or in parallel planes, Fig. 70, are equal if their moments 
are equal, whether or not the forces of one of the couples be equal or parallel 
to those of the other. In Fig. 73, the two couples, M and N, are of like sense; 
in Figs. 70 and 72, of opposite sense. 



Fig. 72. 


Fig. *3. 


ICO. Since a couple has no resultant (*[ 155), it can have no anti-resultant; 
t. e„ no single force can balance a couple and thus preserve equilibrium. 
(But sec *J 168.) To d<? this requires au equal and opposite couple. Thus, 
in Fig. 72 the couple M is balanced by the equal and opposite couple N. If. 
as in Fig. 72. the two couples are in the same plane, and if we find first the 
resultant of either pair of non-parallel forces, as p and p', and then those of 
the other pair, q and <f, we shall find these resultants equal and opposite, 
maintaining equilibrium. 

161. Any couple, as M, Fig. 73, may be replaced by any other 
equal couple, N, in the same plane or in a parallel plane, and of like sense. 

162. If, to a force, P, Fig. H (a), we add a couple, M. Fig. 74 (6), in 
the same plane with the force, we may replace the couple, M, by an equal 
and like couple, N, Fig. (c|, composed of the forces, —F and P', each — P. 
placing —P opposite P, as shown. Then P and —P counteract each other, and 
re have left only P', equal and parallel to P; and, since Pcf — M, we have 
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In other words, the effect of the addition of the couple, M, Fig. (f>), 


to the force, P, is simply to shift the line of action of P, parallel with itself, 
through the distance, d. If the couple M is left-handed, as m the figure, P 
will be shifted to the right (looking in its own direction), and vice versa. 

163. Conversely, the force, P', P'ig. (c), is equivalent, to the combination 
of force P and couple ,\f. Fig. (6). 



FI*. 74. 


164. Again, having only the force P', Fig. (c), if we apply, at a distance, 
d, from I*', the two opposite forces, P and —P, each equal and parallel to P', 
we shall thus substitute, for P', the equal and parallel forco, P, and a couple 
« Pd - M. 

165. Hence, also, the combination of the force P and the couple M, Fig 
(6), is equivalent to the combination of the force P and the couple N\ Fig. 

(c). 

166. If the moment of the couple, M, Fig. (6), or N, P’ig. (c), l»e equal and 
opposite to the moment of the force P about the center of gravity, (i. of a 

body, we have d p =* distance from P to G. In other words, the effect «,J 

such a couple i> to shift the force, P, parallel with itself, to a line pa-^i »g 
through the center of-gravity, G. 

167. Hence, the effect of a force, P, Fig. (a), applied to a body at a dis- ■ 
tance, d, from its center of gravity, G, is equivalent to the combined effect of 
an equal and parallel force, P', Fig. (c), applied at the center of gravity, and 
a couple (as M, Fig b) *= Pd, and of like sense, applied to any part of the 
body in a plane parallel to P and P'. 

168. It will be seen that, although 160) no single force can balance a 
couple and establish equilibrium, yet, if a force, P, be so applied that it,* 
moment, Pd, about the center of gravity, G, of the body, is equal and oppo¬ 
site to the moment of the couple, it will counteract the tendency to rotation, 
due to the couple, and substitute for it a motion of translation only. 
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169. Thus, in Fig. 75, where the force, p, acts through the center of 
gravity, G, of the body, let a force, — q, equal and opposite to o, be applied 
in the same line with it. Then rotation will be prevented, and the body will 
move * under the action of p (** the resultant of the three forces), which acts 
through the center of gravity, G, of the body. The rotation will similarly 
be prevented if a force lets than q be applied farther from G than q is; or if a 
force greater than q he applied nearer G than o is; provided always that the 
moment of said third force, about G, be equal and opposite to that ot the 
:oupie p q. But in the first case the resultant of the three forces (being always 
squal to the third force) will be less, and in the second case greater, than p. 

170. If, to a couple, be added a third force, colinear with one of the forces 
of the couple, we have the case of two unequal parallel forces of opposite 
lense. See f 112, under Parallel Forces. 


* See foot-note (*) *1 1. 
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170 a. Momenta of Conplea. The two equal and parallel 
forces, P and P*, Fig A, in opposite directions, form a clockwise couple 
~ PL ~ P'L, where L = the distance l>etweeu the lines of action of the 
forces. Taking the moments of the forces about any point, as A, B, C or D, 
and considering clockwise moments as positive, we have 

Pm — P’n — P (m — n) — P's — Pr = P (s — r) 

- Pt + P'u =-■ P (t + u) « P X 0 + P'L = PL = P'L. 

In other words, while the moments, Pm, Pr, etc, of the forces are different 
for different points, A, B, etc, the tnomeut, PL = P'L, of the couple is the 
same for all points. 



Thus, suppose the beam, Fig B, to be divided by a vertical section at 4. 
The right segment is acted upon, at Section 4, by a downward force <= load 
— left reaction -=20 — 10 «= 10, and, at 6. by an upward force =*= right 
reaction *** 10. These forces form a left-hand couple, with moment = 2 X 
10 = 20. The left segment is acted upon, at 0, by the left reaction « 10; 
at 3, by the load = 20; and, at Section 4, by the right reaction = 10. 
Combining the two reactions, we find their resultant, — 10 + 10 20. 

at 2 (midway betw 0 and 4), forming, with the load, 20, a right-hand 
couple, with moment - 1 X 20 = 20. 

At Section 5. by a similar process, we find couples with moments =<= 10, 
and, at Section 3, couples with moments *= 30. Thus, altho the moment 
of a couple is the same, about whatever point moments be taken, yet, in a 
beam, under a given set of forces arranged in a given manner, the moment 
varies from point to point; because, in that case, the couples are different. 

As the tendency to rotation, at any section, is thus seen to be caused by 
two equal and opposite couples, acting upon the two segments respectively; 
so the tendency to rotation is resisted by two equal and opposite couples, 
due to the internal stresses of the material, and acting, in the section, upon 
the two segments respectively 
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FBICTION.* 

171. When one rough body rests upon another, the projections and de¬ 
pressions, forming the roughnesses of their surfaces of contact. Interlock 
to a greater or less extent; and, in order to slide one over the other, we must 
expend a portion of the sliding force, either in aeparatmg the bodies (as by lift¬ 
ing the upper one) sufficiently to clear the projections, or in breaking off some 
of the projections and clearing the others. 

172. Even the most highly polished flat surface, as x y, Fig. 76, is not (as it 
appears to the eye) a plane, but is, in fact, a more or less jagged surface, as 
would appear under a sufficiently powerful microscope; so that the force, a b, 
instead of forming the apparent angle, a b x, with one smooth surface, xy, of 
application, really becomes a senes of parallel forces, as c, d and e, which form 
other angles with a number of surfaces, to to, nn, etc., of application, inclined 
(often in different directions) to the general surface, x y, as shown. Among 
these surfaces may be some, as m to, at right angles to the applied force; and. 
the force c will be imparted to them in its original direction, although applied 
obliquely to the apparent surface, x y In the case of the two forces, d and e, 
applied to the surfaces, n n and a a, if the sliding tendencies along the two 
surfaces are equal and act in oppoaition to each other, the combined resistance 
of the two surfaces, n n and a a, is directly opposite to the forces, as would be 
that of a single surface at right angles to those forces. 
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173. It is of course entirely out of the question to ascertain the exact 
resistance of each such microscopic projection in any given case. Instead of 
this, we find by experiment the combined resistance which all of the projec¬ 
tions, in a given cuse, offer to the sliding force, and give to this resistance the 
name of friction. 

174. Friction always tends to prevent relative motion of the two bodiea 
between which it acta; i e , motion of one of the bodies relatively to the other. 
In doing so, however, it tends equally to cause relative motion f between 
each of those two and a third, or outside body Thus, the fnc between a belt 
and the pulley driven by it tends to prevent slipping lietween them; but thus 
tends to make the belt slip on the driving pulley, and sets the driven pulley 
and its shaft in motion relatively to the bearing in which the shaft revolves. 
Thia motion is resisted by the fric between journal and bearing ; and thia fric, 
in turn, tends equally to make the bearing revolve with the journal, and to 
make the belt slip on the driven pulley. 

175. The fric between two bodies at rent relatively to each other is called 
static friction, or fric of rest. That, between two bodies tn relative motion 
is called kinetic friction or fric of motion. 

176. The ultimate or maximum static fric between two bodies, 
as U and L, Fig. 77 (or the greatest fric resistance which they are capable 
of opposing to any sliding force when at rest), is equal to a force (as that of 


* “ Friction” (meaning rubbing) is a misnomer in so far as it implies that 
rubbing must take place in order to produce the resistance. For we meet 
this resistance, not only during nibbing, but also before motion (or rubbing.} 
takes place. “Resistance of roughness” would better express its nature, 
t See foot-note (*), H 1. 
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the wt F) which is just upon the point of making TJ begin to slide upon L.* 
Thus fric, like other forces, may be expressed in weights, as in lbs. 

177. A resistce cannot exceed the force which it resists.t Therefore if F 
is less than the ult static fric between U and L, the frictional resistce actually 
exerted by them is also less. When F is = the ult fric (and U is therefore on 
'.he point of sliding) the actual resistce is = the ult stat fric. If F exceeds 
the ult stat fric, ,tbe excess gives motion to U. 

178. If, when a body is in motion, all extraneous forces and resistces are 
removed or kept m equihb, it moves at a uniform vel. Ilence, if the force, F, 
Fig. 77, is just = the ultimate kinetic fric between U and L. their vel is uni¬ 
form. If F exceeds this, the excess accelerates the*Vel. If the ult kinetic 
>ie exceeds F, the excess retards the vel. Thus the actual frictional 
xesistce exerted by two bodies in relative motion is = their ult kinetic 
fric “ that force (as F) which can just maintain their relative vel uniform. 

179. Hence, if the hor surf S upon which L rests, could be made perfectly 
frictionless, the pres of L against the lug m (which would then always be ~ 
the actual fric resistce between U and L) would also be -= their ult fric so long 
as U continued in motion over L, and might therefore be greater or less than 
or =* F; but when U was at rest the pres against tn would be ** F, and less 
than (or at most just —) the ult fric. 


Coefficient of Friction. 

180. Since no surface can be made absolutely smooth, some separation of 
the two bodies must in all cases take place in order to clear such projections 
as exist. Hence the fric is always more or less affected by the amount of the 
perp pres which tends to keep them together. 

181. The ratio of the ult fric, in a given case, to the perp pres, is called 
the coefficient of friction for that case. Or, 


ana 


Coefficient of friction 


ultimate friction__ 
perpendicular pressure 


Ultimate friction — perp pres X coeffoffric 


Thus, if a force F, Fig 77. of 10 tbs, just balances the ult fric between U 
and L, ami if the wt of U (the perp pres in this case since the surf between U 

and L is hor) is 50 lbs, then the coeff of fric between U and L is rsmr 

50 Ids 

- 0 . 2 . 



182. The coeff is usually expressed decimally, or by a common 
fraction; but sometimes, as in the case of railroad cars and engines, in tbs 
(of fric) per ton (of perp pres). Or by the "angle of fric " in degs and mins. 


* We here neglect the fric of the string and pulley, and assume that all the 
force of the wt l 1 is transmitted by the string to U. 

t If a resisting force exceeds the force resisted, the exoess is not resist™, 
but motive force 
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183. Angle of Friction. In Fig. 78, let W - the weight of the body* 
P = its pressure normal to the plane, and S «•= the component tending to 
slide the body down the plane. 

When the angle a is such that the body is just on the point of sliding down 
the plane, it is called the angle of friction, or angle of repose. The friction 
F and the sliding force S are then equal. 

But p = p *=* p =» coefficient of friction — tan a. Hence F “ P tan a 
“ W cosin a . tan a. 

184. Frictional Stability. Let R, Fig. 79, be the resultant of all the 
forces pressing a body against a plane, and N a normal to the plane. If the 
angle i between it and N exceeds the angle of friction (a, Fig. 78) between the 
two surfaces in contact, the body will slide on the plane, but not otherwise. 
If i does not exceed the angle of friction, the entire resultant R will be im« 
parted to the plane and in its own direction, and not merely its normal corn* 
poueut V, as would be the case if the surfaces were frictionless. 



Fig;. 79. 



Fig;. 80. 


185. To find the eoeff of kinetic fric, allow one oi the bodies, 0, 
Fig. 80, to slide down an inclined plane A C formed of the other one and hav¬ 
ing any convenient known steepness A C E greater than the angle of fric (1 
183). Note the vert dint A E through which U descends in sliding any (list 
asACfAE ■ AC X sine of ACE); also its actual sliding vel in ft per boo 
on reaching C. Calculate the vert dist A D through which it would nave to 
descend along the plane (from A to B) to acquire that vel if there were no fric. 


(ad 


velocity 2 in ft per sec \ 
twice the accel g of grav * / 


Find P IC (=■ A E — A D), and the hor (list E C corresponding to A C 
IE C - A C X cosine ACE- V A C- — A K=). Then 

PE 

Coeff of the average fric in sliding from A to C — 

hi C 


because, if we let A K represent the total sliding force expended (in accelera- 
tton and in overcoming the fric), then A D represents the portion of A E ex- 
landed on vel, and 1) E that expended on fric, and, since C E represents the 
perpendicular pressure (*f 183), 


PE fuction _ 

t , r , “ — coeff. 

E C prep pres 


186. Or, find sine and tangent of ACE; and the dist A C ( - time* in 
•ecs X i 0 * X sine of A C E) through which U would slide in a given time 
if there were no fric. Measure the dist A B t hrough which it actually elide* in 
tnat time; and find BC = AC — AB. Then 
coeff of the average ) 

fric in sliding from A to B J 
because 


■tan ACEX-|g 


* 'g — about 32.2 ft per second per second. 
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(1st) A 0 : A B : B 0 :: AG t AD i DB 


,.the theoretical velocity 
*' due to total sliding force 


: the actual velocity : the frictional 


retardation 


sliding force employed the fricrion, or the sliding 
:: the total sliding force : in giving the actual : force required to ba.am.e 
velocity the fiictiou. 


And, if A E is »= the total sliding force, then E C is — the perpendicular pleasure, 
mid n if; 

^ ^ the coefficient of tnction — tangent of I) 0 E. 

(2nd) Owing to the sinulatity of the two triangles, A*B D and A C E, we have 
*0 :: tangent ACE: tangent D C E. 

187. In 1831 to 1834, Gen'l Arthur Morin* experimented with 
pressures not exceeding about 30 lbs per sej in; and arrived at the following 
conclusions in regard to sliding trie where the perp pres is considerably less 
than would be uecessary to abrade the surfs appreciably. These were for a long 
tune generally regarded as constituting the three fundamental lan n of 
fric. 

lt*t. The ult fric between two bodies is proportional to the total perp force 
winch presses them together; i e,the coelf is independent of the perp 
pres and of its intensity (pres per unit of surf). Hence 

-Id. For any given total peip pres, the coelf is independent of the 
area of surf in eontaet. 

If upon a hor support w>- lay a brick, measuring 8 X 4 X - ms, first upon its 
long edge 18X2 ins) mid iln-n upon Us side (8X4 tin), we double the area of 
contact, while the total pi- - Ithe wt of the brick) remains the same, and thus re¬ 
duce the, pres per sq in by one-nail. Consequent ly (I lie coeff remaining praei ically 
the same) we have only halt the/nc per sq in. But we have twice as niatij sq ms 
of contael, and therefore tie- same total fric. 

But if we can increase or diminish the area of contact without affecting the pres 
per sq in, the total pres will of course vary as the area, ami th-* total fric will vary 
in the same proportion, for the coeff remains the same Thus, if we place two 
similar sheets of paper between the leaves of a book (taking care not to place 
both sheets between the same two leaves) and then squeeze the liook m a h tier- 
copying press, it will require aliout twice as much force to pull out both sheet* 
as to puli out. only one of them. 

Bd. Although l lie coelf t f static flic between two bodies is often much greater 
than their coeff of kinetic fric; yet lh«* of kinetif fric la inde¬ 

pendent of tlie vel. 

Tins applies also (approx) to the fric, and hence lothe nark (in/oof-pounds etc) 
of overcoming fi ic through a given dut; for then the work (resisice X dtst) is 
independent of the vel. But in a given time, the dist (and consequently the 
work also) of course varies as the vel. 

188. (a) Some kinds of surfaces appear to interlock their projections 
much more perfectly when al rest relatively to each other, than when in even 
rery slow motion; and m some cases the degree of interlocking seems to in- 
>r«-ase with time of contact. Hence there is often a great diff in amount between 
Trie of restand fric of motion. Thus, (ien'l Morin found that with oak upon 
wk, fibres of the two pieces at. right angles, the resistce to sliding while still at 
rest, and after being for “Borne time in contact,” was about one eighth greater 
than when the pieces had a relative vel of from 1 to 5 ft j»er sec. 

(b) But experience shows that even very slight jarring suffices to remove this 
diff ; and since all structures, even the heaviest, are subject to occasional jarring, 
(as a bridge, or a neighboring building, or even h hill, during the passage of a 
train; or a large factory by the motion of its machinery; or in numberless cases, 
by the action of the wind) it is expedient, in construction, not to rely on fric for 
stability any further than the coeff for movina fric will justity. When it Is to be 
regarded as a resistce, which we must provide force for overcoming, it should b« 
taken at considerably more than our tabular statement. 


* See hi" *'Kumlmumii.il Mens of Mcehunlrx \ translated !>jr Jon. Wvuuett : D. Appleton t Co, 
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Table of moving friction, of perfectly smooth, clean, an# 
dry, plane surfaces, chiefly from Morin. 


Materials Experimented with. 


Coeff of 
Fnc; or 
Propor¬ 
tion of 
Erie to the j 
l’res. 


tngle ol 
Frio. 


Oak on oak ; all the libera parallel to the motion. 

" " moving fibres at right angles to the others; and to the motion... 

“ “ all the fibres at right angled to the motion. 

“ 41 moving fibres on end , resting fibres parallel to the motion. 

“ cast iron, fibres at right angles to motion... 

Kim on oak, fibres all parallel to motion... 

').ik mu •lm, •• " " .. ... 

Kim on oak. moving fibre-, at right angles to the others, aud to motion. 

Asb on oak. fibre* all parallel to motiou . 

Kir on oak. •* “ •• •* . 

Kerch on oak •• •» " “ . 

Wrought iron on onk, fibres parallel to motion. 

Wrought iron on elm. " . . 

Wrought Iron on cast iron, fibres parallel to motion . 

•• •• on wrought iron, fibres all parallel to motion. 

Wrought Iron on brass... 

Wrought irou ou soft limestone, well dressed. 

•• •* •* hard *• “ ” . 

•* ** or steel on hard marble, sawed. By the writer.almut . 

44 •• ..smoothly planed, and rubbed mahogany, fibres par¬ 
allel to motion. 

•* .smoothly planed «h pine . 

Cast iroo on oak, fibre- parallel to motion . 

.elm. “ •• " “ . 

*• •• ■' cast iron. 

“ 44 " bra-.*. 

Kieel on cast iron. 

Steel on steel K) the writer. 

Steel oil brass. . 

Steel on polished glass Ky the writer.. .. about 

quite smooth hut not polished, on perfectly dry planed wh pine, fibre 

parallel (o motion. about 

“ quite suiooih,lint not polished, on perfectly dry planed aud smoothed 

mnhngniiv. fibres parallel to niotmu. about 

Yellow topper on cast iron. 

•• “ on oak. 

Krass on cast iron . 

11 on wrought iron, fibres parallel to motion... 

44 on brass . 

“ on perfectly dry pinned wli pine, fibres parallel to motion.almut 

44 •* 41 “ and smoothed mahogany, fibre# parallel to mo 

tlou .about 

Polished marble on polished marble By the writer..average- 

44 “ ou common brick.. •* 

Common brick on common brick... “ 

Roft limestone well dressed, on the same. 

Common brick, on well-dicssed soft limestone. 

•• . hard 44 . 

Oak across the grain, on soft limestone, well dressed. 

“ 44 •• *• hard 44 14 “ . 

Hard limestone on hard limestone, both 44 “ 

•• *• “ soft •* “ “ 44 . 

Roft 44 “ hard “ “ •* “ ... 

Wood on metal, generally, 2 to .62. mean 

Wood, very tmooth, on the «ame. generally, ,2ft to .5. " 

Wood, 44 “ oti metal. " .2 to .62. " 

Metal on metal, very smooth, drv 44 .15 to .22. 44 

Masonry and brickwork, drv " .11 to 7 . 44 

44 ** •• with wet mortar.about. 

44 ' 44 44 “ slightly damp mortar. 44 . 

“ on drv clay..... 44 . 

" “ moist" . *• 

Marble, sawed , on the same; both dry. By the writer.*..average 44 . 

“ 44 44 44 44 both damp. 14 44 44 

44 44 on perfectly dry pinned wh pine. 44 ..». 44 44 

44 '■ on damp planed wh pine. 44 ..*. 44 

44 polished, on perfectly dry planed wh pine 44 . 44 

White pine, perfectly dry; planed; et the same; all the fibres parallel 

motion .about. 

44 44 damp, planed; on the same... 44 . 


14 5 

10 46 
7 58 
» 39 
Sfi 6 
13 30 
16 42 
9 39 


.18 

.19 

62 

22 

.16 

.20 


.64 

.64 

.65 

.60 

.38 

.38 


.74 

.51 

.33 

4 

.55 

.45 

.6 

.26 

.4 

.6 


10 IS 
10 46 
31 48 


11 19 
10 46 


23 4.) 

32 ;< 
82 38 

33 ? 
31 00 
20 48 
20 48 
20 48 
33 50 
S3 2 
22 18 

20 48 

22 18 
10 It 
33 2 

26 30 
36 30 

27 00 
18 15 

21 49 

28 «» 

24 14 
31 00 
14 35 

21 48 
81 00 


* Bnt after a few trials the surfaces become so muoh smoother as to reduce the angles aa muoh as 
» m 2° to 5°; the sliding hlooks weighing about 30 Iba eaoh. 
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189. Recent experiments, with much greater variation'- of pres and of 
vel, and will more delicate appaiatus tor detecting slight changes in tlieeoettl 
although giving conflicting results,* show that the three laws in 187 
are far from correct lor sorts moving at high vels, and under great pres; and 
that they are only approximately correct for ordinary vels and 
pressures; for the eocffis louud lo vaiy both with the intensity of the pres and 
with the vel, as also with the temperature.* But in the cases with which the 
Civil engineer hus mostly to deal, slight diffs in the charaeter of the mirth ,01 
even in the dampness of the air, will often cause much greater changes of eoelt 
than those due to any probable changes of pres, vel and temp; so that, within 
the limits of ahiasiou, we may generally take florin’s rules as sufficiently eoi v 
feet for such cases. 



Line A shows coeff* at diff veK under a pres of 1.58 fts p» i -q in. 
H » “ “ 1.59 “ 

H p «« .« “ ] c,0 “ 

“ 1) “ “ “ 1.61 “ 


It will he seen that at low vels the coeff decreased when the pres per sq in was 
almost imperceptibly increased ; but this diff disappeared as the vel increased. 
At vels from 4 to 120 ins per sec, the coeff generally decreased as the vel in¬ 
creased ; rapidly at first, hut more slowly as the vel became greater. This agree* 
with other recent expts. But at very low vels (.08 to 5 ins per sec) Prof. Kimball 
found the coeff (line E) increasinq very rapidly with the vel. 

We have made the scale of coefjfs large in order to show their variations, which 
are so slight that they would otherwise be scarcely perceptible. Less delicate 


191. (a) In 1878 Capt. Donglaa Gallon and Mr. Georg* Welt* 

lngtiouse, Jr., made careful experiment* In England to ascertain the effect ot 
friction in connection with railway brakes, t The friction and pressure wan 


* This In not surprising in view of thp extent to which the coeff is affected by the nature of the 
•urf If the shape of the minute projection* i* such that they lit into each other us perfectly under 
small pressure* as under great ones, and if they an* too strong to be broken by the pressure* applied, 
thecocff, as stated in the lit law, should be independent of the pres. But if high pre* wedges (he 
projections of one body morecloselv between those of the other, theooeff should Increase uyder such 
pre* On the other hand, if the higher pres breaks down the prelection* while the lower ones aie 
■nable to do »o. the coeff should decrease under the higher pres. The particle* thus broken off may 
either act at a lubricant aud thus still further reduce the Trie and its coeff, or (if angular and hard) 
may increase It. Change of nrea of contact, under a given total pres, may, by affecting the inteimty 
ft the pres, make changes In the coeff similar to those Just mentioned. 

At high rels the roughnesses have not time to interlock as perfectly a* at low vela Hence we 
should expect a less coeff at high \els. ltnt high tel generallv Increases the number of projection* 
broken away : and these mav elthei increase or dnuitilsli the ooeff, aa explained above. High vel 
•ften indirectly affects it by iucrea-iug die temperature 


» gee pi.ic. limtii of Mrchl Kngr«, London, June and Oct 1878 and April 1879; and " Engineer 
tog ’ London. 1878; vol. 25, pp 432. 449, 490, vol. 2fi, pp 153. 386, 395. 
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nrtomatically recorded by means of hydraulic rouges. With cast Iron ben ice-blocks 
•ml sti-el-fired wooden wheels, 48# inches in diameter, they found coefficients about 
»< shown in Fig. 4. 

The points in lines A, B and C show the average brake coetta, or coetta of slitv 
Ing frit between the tread of a rolling wheel and the biake-block. 


Speed of Car, in miles per hour. 



“ I> shows rail coed's or eoeft'a of sliding frie between the tread of a slid* 


i mi or “ skidding M wheel (held fast by the brake) and the rail. 

(1») From lines A B and C it appears that the brake coeff obtained at a 
given length ot tune after the application of the brake was generally greater 
af low than at high vela. But where the vel was maintained uniform 
the brake eoefTdiminished as block and wheel remained 
longer in contact. Thus, lines A and B show that at 37$ miles per hour 
the brake coeff was .154 when the brake was first applied (point g), hut fell to 
.(KM in 5 secs ( r~ Line A (iinmed’y after application) shows a higher brake coeff 
(A VI at f)at 47A miles than line B (5 secs after application) shows at 37$ miles 
(.096 at x). 

i i»e diminution of the rail coeff with length of time of application of brake, 
was Ncarcely noticeable. 

(c) When the brake frie (owing to the reduction of vel and consequent In¬ 
crease of coeff) becomes =* the “adhesion ” or static frie between the rail and 
the tire of the rolling wheel, the vel of rotation rapidly falls below that due to 
the vel of the car; ie, the wheel begins to “skid” or slide along the 
rail and in from .75 to 3secs the rotation of the wheel ceases entirely. 

(d) The rail coeff. line 1>, is generally much leas than the 
brake eoefT, lines A, B and <\ The pres on the rail ( the wt on a wheel) 
* »*> about. 5000 tbs per sq in, or greatly in excess of the limit of abrasion. That 
at tlie brake was about 200 lbs per aq in. A few exnts were made with brake 
blocks having but $ of the usual area of contact, ana therefore 3 times (lie pres 
oer sq in under a giveu total pres. They failed to show conclusively that this 
caused any marked change in the coeff. 

te) The rail eoefT, lino I>, like the brake coeff, increases as the vel 
diminishes; slowly at first, hut much more rapidly as the speed becomes 
loss; until, at the moment of slopping, it is ge nerally even greater than the 
brake coeff just before skidding. With steel tires on iron rails at high vels it was 
somewhat greater than on steel rails, but this diff disappeared as the vel dimin¬ 
ished. 


(f ) Locomotives overcome resistces from $ to $ or more of the wt on 
all the drivers; i e, they have a coeff of .83 or more, although the experimental 
coeff for steel on steel in motion at low pres, is only about .15. But the cases are 
so diff that a similarity in then oueffs could hardly be expected. The great wt, 
say from 2 to 6 or even 7 tons, on a driver, is concent rated on a surf (where the 
wheel touches the rail) about 2 ins long X about $ inch wide, or — say 1 sq in. 
The nres per sq in thus greatlv exceeds not only that upon which the tables are 
based, but also the limit of aorasion. Besides, any point in the tread, during 
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the instant when it is acting as the fulcrum for the steam pres in the cyl, is 
stationary upon the rail. Its trie (miscalled “ adhesion ”) is therefore static. 

Capt. Gallon found that the eoefT of “ adhesion ” was independent of 
the vel, and depended only on the character of the surfB in contact. With a 
four-wheeled car having about 5000 fts load on each wheel, it was generally over 
.20 on dry rails; in some cases .25 or even higher. On wet or greasy rails, with¬ 
out sand, it fell as low as .15 in one case, but averaged about .18. With sand 
on wet rails it was over .20. Sand applied to dry rails before starting gave .35 
and even over .40 at the start, and au average of about .28 during motion; but 
sand applied to dry rails while the car was in motion was apt to be blown away 
by the movement of the car and wheels. 

(g) Owing to the constancy of the coeff of “ adhesion'” under given conditions 
of tire and rail, the brake fric necessary to “skid” the wheels in any case was 
also practically constant for all vels. But at nigh vels, owing to the lower brake 
coeff, a higher brake yrres was reqd to produce this fixed amount of brake fric 
The skidding also reqd a longer time than at low sjteeds. 

182. If the pres is sufficient to produce abrasion (indeed, while it is 
much less) the fric often varies greatly, nut no precise law has yet been discov¬ 
ered for estimating it. Rennie gives the following table of coffDi of fric 
of dry surface**, under pressures gradually increased up fo 
the limit** of abraaion. It will he noticed that in thit* table the 
coeff generally increases with the intensity of the pres: 

Coe fib of friction of dry' surfaces, under pressnres grad¬ 
ually Increased up to the limits of abrasion. (By O. Rennie, C K) 


Pres In Lbs. 
per 

Square Inch 

Wrought Iron 

Wrought Irou 

Wrought Iron' 
Ca«t Iron | 

Steel 

Cast Iron 

Hrass 

Cast Iron 

32 5 

MO 

.17* ! 

166 

157 

186 

.250 

.275 

.300 

225 

22* 

271 

292 

333 

219 

386 

..112 

333 

347 

215 

+48 

.376 

165 ! 

.154 

.708 

560 

.409 

.567 

.358 

••>3 

672 


376 ! 

403 

r« 

709 


.43* 


234 

784 




.2.12 

821 




273 


193. (a) Rolling friction, or that between the circumf of a roll¬ 
ing body and the surf upon which it rolls, is somewhat similar to that of a 

f union rolling upon a rack. In disengaging the interlocking projections, or in 
ifting the wheel over an obstacle o, Figs 5 and 6, tiie motive force F, iustead of 
dragging one over the other, as in Fig76, p. 407, acts at the end of a bent lever 
FEW Figs 5 and 6, the other end W of which acts in a direction perp to the 
contact surf; and in practical cases of rolling fric proper the leverage RW of 
the resisting wt ol the wheel and its load is very much less, in proportion to 
that (FR) of the force F, than in our exaggerated figs. Hence the force F read 
to roll a wheel etc Is usually very much less than would be necessary to slide it. 


(b) There are usually two way** of applying the force in overcom¬ 
ing rolling fric: 1st (Fig 5) at the axis of the rolling body; as the force of a 
horse is applied at the axle of a 
wagon-wheel; or that of a man at the 
axle of a wheel-barrow: 2d (Fig6) at 
the circumf; as when workmen push 
along a heavy timber laid on ton of 
two or more rollers; or as the ends of 
an iron bridge-truss play backward 
and forward by contraction and ex¬ 
pansion, on top of metallic rollers or 
balls (p725). In Fig 5 we have, In ad¬ 
dition to the rolling fric of the rir- 
euinf of the wheel on its support, the 
sliding fric of the axle in iis bearing. 
....... ,. In Fig 6 we have only rolling fric. 

but at both top and bottom of the wheel. 

(C) When the obstacles o are very small, as in the ease of cart-wheels on 
smooth hard roads, or of car-wheels on iron or steel rails, the ievi rage 
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{F R) of F becomes, practically, in Fig 5 the radius , and in Fig 6 the diam, of the 
wheel; while that (R W) of the resistce is very small. Hence, neglecting axle 
fric in Fig 5, the force F reqd to overcome rolling fric in such cases is directly 
as the wt W of ami on the wheel, and inversely as the diam of the wheel. 

The few expts that have been made upon the coeffs of rolling fric, apart from 
axle fric, are too incomplete to serve as a basis for practical rules. 

(«l) The fric (or “adhesion ”) between wheel and rail, which enables a 
locomotive to move itself and train,or which tends to make a car-wheel revolve 
notwithstanding the pres of the biake, is a resistce to the sliding of the wheel 
on the rail; and ib therelore not rolling but sliding trie; static when the wheels 
either stand still or toll perfectly on the rails; and kinetic when they slip or 
“ skid 

194. The friction of liquids moving in contact with solid bodies 
in independent of the pressure, because the “ lifting ” of the particles 
of the fluid over the projections on the surf of the solid body, is aided by the 
pres of the surrounding particles of the liquid, which tend to occupy the places 
of those lifted. Hence we have, for liquids, no coeff of fric corresponding with 
that (=* resistce ■+■ pres) of solids. The resistce b believed to he directly as the 
area of turf of contact. Reopnt researches indicate that Resistce = a coeff X 
area of surf X* ***!», in which both n and the coeff depend upon the vel and 
upon the character of the surf: and that at low vels n = 1, but that at a certain 
“critical” vel (which varies with the circumstances) n suddenly becomes — 2, 
owing to the breaking up of the stream into marked countercurrents or eddies. 
The resistance of fluid fric arises principally from the counter currents thus set 
in motion, and which must be brought into compliance with the direction of 
the force which is urging the stream forward. 

195. Table of coefficient* of moving friction of smooth 
plane surfaces, when kept perfectly lubricated. (Morin.) 


Substances. 

Drv 

Soap. 

Olive 

OU. 

Tal- 

,0.. 

Lard. 

Lard* 

Plum- 

bar>- 

Oak on oak, fibre, parallel to motion. 

.164 


075 

.067 




.0*3 


'■ on elm, fibres parallel to motion. 





“ on cast Iron, fibres parallel to motion. 





•' on wrought iron, “ '* *' ... 



.096 



Beech ou oak, fibres “ “ “ ... 







.137 


.070 

.060 


11 on elm, “ “ “ •• . 

.139 








.066 



Wrought Iron on oak, fibres parallel, greased aud wet, .256. 






" ** " “ fibres parallel to motion. 

.214 


.085 



“ “ on elm, ‘‘ *• “ “ . 



.078 

076 




■0S6 

.103 

.076 


“ “ on wrought Iron, “ “ “ . 


.070 

.082 

.081 


11 “ on brass, fibres " •• “ . 


.078 

.103 

.075 


Cut Iron on oak, fibres parallel to motion. 

IK9 





. .greased aud wet, .218 


.075 

.078 

.075 


•• on elm •' .. 


.061 

.017 


.0*1 

“ " on oast Iroo. with water. .Sit.... 

.197 

.064 

.100 

.070 

.855 

' •• on brass. 


.078 

.103 

.075 


Copper ou oak. fibres parallel to million . 



.069 



Yellow copper on oast Iron.. 


.066 

.072 

.068 


Brass on cast iron. 


,OT7 

•OSfi 



on wrought iron. 


.072 

.081 


.089 

“ on brass . 


.058 




Btee'. on cast Iron. 


.079 

.105 

.081 


on wrought iron . ..... 



.093 

.076 


'■ on brass . 


.053 

.056 



(aoued oxhide on cast irou, greased and very wet, .365. 


.133 

.150 



" •' on brass .. 


,191 

.241 



•• '• on oak. with water, .29. 







The launching friction of the wooden frigate Princeton was found by ■ 
committee of the Franklin lnati r ut« in 1844, to average about .067 or one-fifteenth 
of the pruMur* during the first .75 of a second aud .022 or one forty-fifth for the 
next 4 second* of her motion. The slope of the ways was 1 in 13, or 4 degrees 24 
minutes. They were heavily coated with tallow. Pressure on them — 15.84 lbs. 
per square inch or 2280 B>s. per square foot. In the first .75 of a second the vessel 
slid 2.5 Inches; in the next 4 second* 15 feet 6.5 Inches; total for 4.76 seconds 15.73 
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196. The friction of lubricated surface* varies greatly with 
the character of the surfs aud with that of the lubricant and the manner of ita 
application. If the lubricant is of poor quality, and scantily and unevenly ap¬ 
plied under great pres, it may wear away in places and leave portions of the dry 
surfs In contact. The conditions then approximate to those of unlubricated 
surfaces. But if the best lubricants for the purpose are used, and supplied reg¬ 
ularly and in proper quantity, so as to keep the surfs always perfectly separated, 
the case becomes practically one of liquid friction, and the resistce is very 
small. Between these two extremes there is a wide range of variations (see 
table, f 197 (d)), the coeflf being affected by the smallest chance in the condi¬ 
tions. Where any degree of accuracy is reqd, we would refer the reader to the 
experimental results given in Prof. Thurston’s very exhaustive work,* devoted 
exclusively to this intricate subject. 

197. (a) Expts by Mr. Arthur M. Wellington upon the IMe of 
lubricated Journals f gave a gradual and continuous increase of coefl as 
the vel of revolution diminished from 18 ft per sec ( *= a ear speed of 12 miles 
per hour] to a stop. This increase was very slight at high vels, but much more 
rapid at low ones ; as in Figs 3 and 4. At vela from 2 to 18 ft per sec the coeff 
was much less under high pressures than under low ones; but at starting there 
was little diff in this respect. The coeff increased rapidly as the temnera- 
ture rose from 100° to 120° and 150° Fahr. 

(b) Prof. Thurston, also experimenting with lubricated Journal*, J 
found that at starting, the coeff increased with increase of pres, as it did also 
when in motion, if the pres greatly exceeded the max (say 600 to 600 lbs per sq 
In) allowable in machinery. He also found that at high vels the coeff increased 
very slowly (instead of continuing to decrease) as the vel increased. 

(«) Prof. Thurston gives the following approx formulae for journal 
friction at ordinary temperatures, pressures aud speeds, with journal and 
bearing in good condition and well lubricated: 


(.015 to .02) X $ pres in lbs per sq in. 

vel in ft per min 
l/''pres in lbs per sq in. 


Coeff for starting = 

Coeff when the shaft . vel in ft per min 

is revolving -W» to .03) x y — -—- 


At pressures of about 200 lbs per sq in: 

Temperature of minimum ■., -- 

ft-ic ; in Fahr degs - 15 X J/vel in ft per • 


Caution. The leverage, with which journal fric resists motion, In¬ 
creases with the diam of the journal. 

(d) The following figures, selected from a table of experimental results given 
by Prof. Thurston, merely show the extent to which the coeff of 
journal fric Is affected by pres, vel and temperature: and 
hence the risk incurred in rigidly applying general rules to such cases. In 
these expts the character of journal and bearing, the lubricant and its method 
of application, remained the same throughout. Where these vary,still further, 
and much greater, variations in the coeff may occur. 


Steel journal in bronse bearing, lubricated with standard 
sperm oil. 


£ 

1 



Speed of revolution 


B *t 
*• 
u 

p 

K 

SO feet per minute | 

1 100 feet per minute |. r >00 ft per «ntnjl200 ft per min 




Pressures. 


200 

| 100 

| 4 1 

1 200 | 100 

t 4 

200 | 100 

200 | 100 

H 

| lbs per sq in | 

| lbs per sq in | 

lbs per sq in 

lbs per sq it, 


Coeff 

Coeff 

Coeff 

Coeff. Coeff 

Coeff 

Coeff Coeff 

Coeff ' Coeff 

130O 

.0160 

.0044 

| .125 

.0087 ! .0019 

.0630 

.0053 .0087 

.0065 ! 0075 

90° 

.0056 

.0031 1 

! .094 

.0040 * .0019 

.0630 

.0075 .0061 

■0100 1 .0100 


• Friction find Lo*t Work In Machinery and Mill Work. John Wiley ft Son*, New York. 

♦ Tran* Amer 8oe of Olril Knur, New York_Jh*c. 1M84. 
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(e) Where the force 1 h applied first on one side of the joni* 
nal and then on the opposite side, as in crank pins, the frit* is lea 
tlian where the resultant pres is always upon one side, as fu fly-wheel shafts 
because in the former case the oil has time to Bpread itself alternately upon both 
sides of the journal. 



(f) Frlcf ion rollers. If a journal .1, in¬ 
stead of revolving on oidiiiary bearings, be sup¬ 
ported on friction rollers ll, It, the force reouired 
to make.I revolve will be reduced in nearly the 
same proportion that the diani of the axle o or 
o of the rollers, 1 h less than the diani of the 
rollers themselves. 

Mr. Wellington experimented with a patent 
Inuring on ihis principle, invented by Mr. A. 
Higley. I Main of rollers UK, 8 ins; of their 
axles oo 1? ins; of the journal c, 3J ins. Here, 
theoretically, 


Inc o! patent journal -- Inc of 3J 


iujournal X 


diam oi axles oo 
diani of rollers R R 


If ins 
8 ins 


oi as 1 to 4.6. Under a load of 279 lbs per sq in, Mr. Wellington found it about 
as l to 4 when starting from rest; and about as 1 to 2 at a car speed of 10 miles 
per hour. 

198. (a) ReHitdance of railroad roll!ng Mtoek. This con¬ 
sists of roll'ng iric bet wet n the tieadsof the wheels and the rails {the treads 
also sometimes slide on the rails, as in going around curves); of sliding fric be¬ 
tween the journals aud their bearings, and between the wheel flanges and the 
mil heads; of the resistce of the air; and of oscillations aud concussions, which 
consume motive power by their lateral and vert motions, and also increase the 
wheel and join nal fries. 

Its amount depends greatly upon the condition of the road-bed and rails (as 
to ballast, alignment, surf, spaces at the joints, dryness etc); u|*>n that of the 
rolling slock (as to wt carried, kind of springs used, kind and quantity of lubri- 
i ant, condition and dimensions of wheels and axles etc); upon grades and curv¬ 
ature; upon the direction and force of the wind; and upon many minor con¬ 
siderations. Experiments give very conflicting results. 

(I») During the summer of 1878, Mr. Wellington experimented with 
loaded and empty box and flat freight cars, passenger and sleeping cars, end at 
speeds varying from 0 to 35 miles per hour. The ears were startl'd rolling (by 
grav) down a nearly uniform grade of .7 foot per 100 feet, or 36.5 f»et per mile, 
aud 6400 ft long. Their resistces were calculated as in J 185. “The rails 
were of iron, 60 lbs per yd, and the track was well ballasted and in good line and 
surf, but not strictly first class.” The following approx figures are deduced 
from Mr. Wellington’s expts upon cars fitted with ordinary journals.** 


Car Resistance in pounds per ton (2240 lb*> of weight mt 
train, on straight and level track in good condition. 


Speed of 
trait. in 
miles per 


Empty cars 



Loaded oars 


Axle, 

Oscilla¬ 

tion 



Axle, 

Oscilla- 



hour 

tire and 
flauge 

and 

con- 

cuss’n 

Air 

Total 

tire and 
flange 

and 

con- 

cuss’n 

JUr 

Total 

0 

14 

0 


14 

18 

0 

• i 

18 

10 

6 

.6 

.4 

7 

4 

.6 

A 1 

s 

20 

6 

2.7 ; 

1.8 

10 

4 

2. 

L 

7 

80 

6 

5.8 1 

2.7 . 

14 

4 

4.7 

M 

11 


<e) With the Higley patent anti-fric roller journal, the resistoo to Martina was 
out about 4 lbs per ton. 

(d) Aliout midway in the track experimented upon, was a earn of 1°de* 
flection angle (5780 it rad) 8000 ft long, with its outer rail elevated 3 to 4 ins 

• TnnMotlona, American Society of Civil Fnplnwrs, Feb 18TS. 
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above the inner one. The rise of the outer rail was begun on tL** tangent,about 
600 ft before reaching the curve. In the first 600 ft of the curve the resiblci was 
greater than that encountered just before reaching the curve, by from .6 to 2.1 
(average 1.1) lbs per ton. In the last 600 ft of the curve this excess had diminished 
to from .2 to .9 (average .6) lbs per ton. Owing to the continuance of the down 

S rade on the curve, the vel increased as the train traversed the curve; but it 
oes not clearly appear whether the decrease in curve resistce was due to the 
Increase in vel, or to the fact that the oscillations caused by entering the curve 
gradually ceased as the train went on. 

(e) Mr. P. H. Dudley, experimenting with his “dynagraph ”* ob¬ 
tained results from which tne following are deduced: 


Train Resistance in pounds per ton (2340 lbs) of weight of 
train, including grades. 


Deacription of train 


Average 

Ixmded 

Empty 

Weight tons 

Trip 

speed. 

Miles per 

cars 

cars 

(2240 lbs) 



29 

3 

626 

Toledo to Cleve¬ 
land. 95 r/iles 

20 

37 

0 

633 

Cleveland to Erie 
95.5 miles 

20 

25 

2 

458 

Erie to Buffalo. 
88 miles 

20 


Average 

resist* 

ance. 


6.34 

7.67 

8.89 


“With the long and heavy trams of the L. S. & M. 8. Ry, of 600 to 660 tons, it 
reqd less fuel with the sameengine to run trams at 18 to 20 miles tier hour than 
it did at 10 to 12 miles per hour”, owing to the fact that at the higher speeds 
steam was UBed expansively to a greater extent, and hence more economically. 

199, The work, In n*lbN ; rrqd to overcome frlc through 
any dist, is *= the frlc In Ibe X the dist in ft. In order that a body.started slid¬ 
ing or rolling freely on a hor plane and then left to itself, may do'this work; te, 
mav slide or roll through the given dist, its kinetic energy (=' its wt in lhsX its 
vel* in ft per sec •+• 2$rf) must — the first-named prod. Conversely, the dial 
In ft through which such a body will slide or roll on a hor plane, is 

Its kinetic energy in ft-iits, at atari 
fric in lhs 


wt o f bod y in lbs Xjnitial veP in ft per sec initial vel* in ft per aec 
wt of body in lbs X coeff of fric X 2 fff — coeff of fric X 2g\ 


The time reqd, In secs, is 


dist in ft, so found _ dist in ft. 

mean vel, in ft per sec } initial vel in ft peFsec 


Suppose two similar locomotives, A and B, each drawing a train on a level 
straight track; A at 10 miles, and B at 20 miles, per hour. The total resistee of 
each eng and train (which, for convenience, we suppose to be independent of 
vel) is 1000 lbs. Hence the force, or total steam pres in the. two cyls reqd to 
balance the fric and thus maintain the vel, is the same in each eng.’ In travel¬ 
ing ten miles this force does the same amount of work (1000 lhs x 10 miles 
— 10000 pound-miles) In each eng, and with the same expenditure of steam m 
•ach; although B must supply steam to Its cyls twice as Jaxt as A, in order to 
maintain In them the same pres. In one hour the force in A does MOliO lh-nul<« 
M before, but that in B does (1000 lbs X 20 miles *•=) 20000 lb-milch, and with 
twice A’s expenditure of steam. 

But in fact the resistcc of a given train Is much greater at higher vels. See 
table, f 198 (6) And even if we still assumed the resistce to be tbesnme at 
both vels, B must exert more force than A in order to acquire a vel of 20 miles 
per hour while A Is acquiring 10 miles per hour. 

* An in»t for measuring theatraln on tbe draw-bar or • locomotive, or tb* tone which the Uttet 
txerta upon the train. 

t 0 «b Moderation of gravity •= aay 92.2: lf> aay 64.4. 
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900. Natural Slope. When granular materials, as sand, earth, grain, 
etc., are deposited loosely, as when they are shoveled from a cutting or 
dumped from a cart, the angle, formed between a level plane and the sloping 
surface of the pile of material, is called the natural slope. This angle de¬ 
pends upon the friction and adhesion between the separate particles of the 
material, and often varies, in one and the same material, from time to time, 
with changes in weather conditions, etc., especially with dampness. 



201 . Any force, p. Fig. 85, acting upon a body, B, will suffice to move the 
body (see foot-note (*). K 1), provided it exceeds the sum, 8. of all resist¬ 
ances, including friction between B and the surface upon which B rests, or if 
it forms, with anv other force or forces, P, a resultant, R, greater than 8. 

If. before the application of p. the body is already in uniform motion, P is 
S; and any force, p, however small, will suffice to change the direction of 
motion This accounts for the ease with which a revolving shaft may be slid 
longitudinally in its bearings, and for the fact that a cork may be more 
easily drawn if we fir*t give it a twisting motion m the neck of the bottle. 


LEVERS. 

209. Classes of Levers. Figs 86 Levers are classed according to 
♦he relative portions of “power. ” * “weight ” * and fulcrum, as follows: 



Fi*. *6. 


Fig. (a), Class 1. Fulcrum R between power re and weight W; 

“ ( b ), “ 2. Weight W between power te and fulcrum R; 

" (c), “ 3. Power W between weight w and fulcrum R. 

In class 2, the leverage of the power is necessarily greater than that of the 
weight In class 3, vice versa. 

203. In Fig. 86. taking the moments of the forces about any point at 
pleasure, as o, we have, for equilibrium: 


Fig. (a), W . l w — R l R 4 «’ . l w 
Fig. (b). W .J W —JUr-w. 4 
Fig (e), W .l w -Rl tt + u>.l w 


- 0 ; 
- 0 ; 

- 0 . 


* When levera are used for lifting weights or for overeoming other resist¬ 
ances, the force applied is called the “power," and the resistance to be over¬ 
come is called the “weight " 
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204. Compound levers. Fie. 87, may be used where there is not room 
for the arms of a single lever of sufficient length. In a compound lever, 
neglecting friction, 

weight _ product of lengths of power arms _ 8 '10 2 ^ 100 
power product of lengths of weight arms 2,1-4 8 

The three levers of 1 ig 87, taken separately and Iwg-nnmg at the power 
end, give: 

weight _ 8 __ ^ K! __ 1() 1 

power 2 ’1 t 

*nd 4 v io X ^ — 20, as before 




205. Toothed or Cog Gearing. Wheels and Pinions. Fig. 88. 
These are a series of continuous compound levero The power is usually ap¬ 
plied to a crank, e, and the weight is attached to a drum. d. The larger 
wheel, to, on a given shaft, is called the wheel; the smaller one, p, the pinion 

Let c * the radius of the crank, d = that of the drum, m -= the product 
of the radii of the pinions, and n = the product of the radii of the wheels 
Then, neglecting friction, 

. weight _ c . n 
fiower m .d 

Instead of the several radii, we may of course use the corresponding diam¬ 
eters or circumferences; and. as the teeth are necessarily of equal “pitch” 
'length, measured along the circumference), the numbei of teetn on a wheel 
or pinion is usually taken instead of the radius. 

When the ratio. great, the system is said to be of high gear, 

power 

When that ratio is small, we have low gear. 

Compound levers and gearing are used for converting low into high veloc¬ 
ity, as well as for lifting great weights by means of small [mwers. When 
used for increasing the velocity, the positions of power and of weight are the 
reverse of those shown in Figs. 87 and 88. 

206. Whenever the power and the weight balance each other, either 
in a single lever, or in a connected system of levers or leverages, of any 
kind whatever, then if we suppose them to be put into motion about the 
fulcrum, their respective velocities will be in the same pioportion or ratio 
as their leverages; that is, if the leverage of the power is 2. 5, or 50 times as 
great as that of the w r eight, the power will move 2, 5, or 50 times as fast 
as the weight. Therefore, by observing these velocities, we may determine 
the ratio of the leverages The weight and the power arc to each otner, 
therefore, inversely as their velocities, as well as inversely as their leverages, 

207. No mechanical advantage is gained by merely increasing the length 
of a lever, as by curving it, as at abo, Fig. 4, If13, or by giving it an in¬ 
clination to the line of action of the power, P, as at om,ou or o n. 
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208. Thus, in Fig. 89, representing a bent lever, a f b, the length of the 
lever, or of any of its members, as / 6, must not be confounded with the arm 
or leverage of the force acting upon the lever. These may or may not l«' 
equal. Thus, the member f b is much longer tlian the member f a; yet. if 
the arms, / a and / c, of the forces or weights are equal, the weights *. and m 
must also be equal m order to insure equilibrium 



209. If the weight m be removed, a force r, or s, or y, or d, with leverage 
- e\ s', y\ d', respectively, may lie applied at any point, as b, to balance tne 
moment of n. In any ease this force hum be such that 

force X its leverage -= n a /. 

Hence, 

foree " " / 

leverage of force' 

210. Hence also the force required is i cut w hen, as at y, it ia perpend-icu!** 
to the length of the member / b; for the leverage (which evidently cannot e.- 
•red / b) is then greatest The force required increases as it deviates in 
either direction from the lino b y (perpendicular to / b) and approaches more 
nearly to the direction of / 6 itself; for its leverage then constantly decreases. 
No force, however great, could balance the moment of n about f, if applied 
in the direction / 6, or 6 /; for -neb a force would have no moment about /. 

211. Similar! v. in Fig 90, the moment, about a, of a load W, placed a* A 
is W. a c, or t he same as if it were placed at c, and not = W. a o. 


W 



t isr. 90 . 



Flic. 91. 


212. In Figs. 91, also, t.he moments W.oe and W'. o'e', of the equa! 
weights, W and W', are equal. Rut if forces, p and p', be applied in direc- 
1 ions perpendicular to the longer beam, o t, the leverage o l of p becomes 
about 6 times that (o' V) of p'. Hence a force, p. applied at t, has about the 
same bending moment as a parallel force ~ 0 p, applied at e'. 
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STABILITY. 

213. Stability. Figs. 92. If the resultant. R. Fig. (a), of the force P 
and weight W, falls beyond the base, as shown, then the overturning moment 
of P, Fig. 92 (6), about the toe n. will exceed the moment of stability of the 
weight W about the same point, and the body will overturn about n. If not, 
it will stand. 

214. Assuming stability against overturning, the body will slide if the 
horizontal component, h, of R. Fig. 92 (a), exceeds the frictional and other 
resistances. 

215. In practice, the toe, n, or the ground beneath it, might yield if the 
stone revolved upon it, or if R fell near n (see 145, etc.); but this is a 
question of strength of materials. Cement, clamps, etc., between the base 
and the ground, would add a third force, and thus change the problem. 



Fig;. 92. Fig. 93. Fig;* »4. 


216. Owing to the greater leverage, Fig. 93, of W about a, the moment 
of stability is much greater about a than about b. 

217. In Fig. 94, let G = 2 lbs.; g = 1 lb.; leverages = 3, 4 ami f> ft , as 
shown. Then the moment of stability of the rectangular body, G, against 
a horizontal force, P, is = 3G = 3X2 = 6 ft.-lbs.; and the moment of the 
lower triangular body, g, is •*= 4 g *= 4 X *1 «= 4 ft -lbs.; so that, although the 
larger body weighs twice as much as the smaller one, yet its moment of 
ttabilitv is only 1.5 times as great. 



Fig; 93. 


218. Work of Overturning. In Figs. 95 (a) and (6), let the shaded 
portion of each figure be of lead, anti the remainder of wood, and let the 
center of gravity of the entire body, in each case, be at G. Then, since the 
weight, W, is the same in both cases, as is also its leverage of stability, about 

o, - g. the moment of stability, — ~ b. W, is the same in both cases, as is 

also the force, P, required to balance that moment when applied at a given 
elevation, e. As overturning proceeds, the weight, W, remaining un¬ 
changed, the leverage and moment of stability, and the overturning moment 
required, decrease, becoming *=* 0 when the bodies reach the positions 




STABILITY. 


423 


shown by the dotted lines. If the elevation, e, remains constant, the force, 
P, required for overturning, decreases in the same proportion as the lever¬ 
age, etc. 

219. But in order 1 hat the bodies may be overturned by the force of grav¬ 
ity alone, they must be brought into the positions shown by the dotted lines. 
This requires that the weights of the bodies be lifted through a height =* the 
distance, h, through which their centers of gravity, G, are raised. Hence 

work of overturning = W .h. 


Since h is greater in Fig (5), the work of overturning is greater in that case. 

In civil engineering we are generally concerned with the amount of the 
force which will beflin overturning, rather than with the amount of work 
lequired to complete the overthrew 

220. Stability against ovei turning is of course affected, and may be in¬ 
creased, by forces other than the weight of the body itself. Thus, the 
stability of a bridge nier is ordinarily increased by the weight of the bridge 
itself if this be brought upon the pier symmetrically. Otherwise the weight 
of the bridge may either increase or diminish the stability of the pier, accord¬ 
ing to circumstances. 

221. The coefficient of stability, in any given case, is the ratio of the 
moment of stability to the overturning moment. Or, 


Coefficient of stability 


moment of stability 
overturning moment’ 


222. Let the weight, W, of the stone in Fig 96 be 10 tbs., G its center of 
gravity, and o q — 2 feet. Then the moment of the weight about o, or the 
moment of stability about o, is 10 X 2 = 20 ft.-lbs.; and, if o n => 5 feet, a 

force P » =■ 4 lbs., will just hold in equilibrium the moment of the 

weight, so that, except at the corner, o, no pressure will be exerted upon the 
base o m. although the stone remains in contact with the base. If the force 
P exceeds 4 tbs , the stone will begin to turn about o. If P is less than 4 tbs., 
the stone will exert a pressure upon the base o m. 

Let the stone be supported at o and at m only. The leverage of the sup¬ 
porting force It, at m, is -* the length o m of the base, — l. Let P — 1 and 
baseo m — 4.5 ft. Then, for equilibrium, 

W . o g — P.on — R.om = 0; 
or. 20 ft.-tbs — 1 X 5 - 4.5 X R; 

or, R - 20 ° - 3,33_tt>s. 

4.0 

In other words, a vertical upward force, R, of 3.33 . . . tbs., at m, will 
maintain equilibrium. 



223. In Fig. 97 (6), let (f be the center of gravity of the load W and the 

table, combined, Fig 97 (a). Then, upward reaction of b - Those 

t o 

of a and c may be similarly found. 



anti-resultant of force P and weight W. 

~ NeK)«ctjng friction, as in Fig. 99 (a). R will be normal to the plane. 
I akmg friction into account, Fig. 99 (b), R may form, with a normal. N, to 
the plane, an angle, a, not exceeding the angle of friction between the body 
and the plane. R may be either uphill or downhill from N. 

327. In Fig. 100, the body B has less stability against overturning about 
its toe, a, than has the similar body, A, when the force, n, tends to upset it 
downhill; but a greater stability than A against overturning about c under 
the action of a force tending to upset it uphill. 

228. The body C, which would upset if upon a horizontal base, would be 
stable against overturning if placed upon an inclined plane, as at D. Assum¬ 
ing a o ™ t c, a given upward vertical force would have the same overturning 



moment, whether applied at a or at c. But a given horizontal force, applied 
at,any given height, as at g , has a greater leverage, g o, when pushing down¬ 
hill than when pushing uphill. In the latter case its leverage is only y t. 

229. Structures built upon slopes are liable to slide This may be ob¬ 
viated bv cutting the slope into horizontal steps, as at d y, Fig. E; but the 
vertical faces of such steps break the bond of the masonry; and, moreover, 
the joints being more numerous, and the mortar therefore in greater quan¬ 
tity, on the deeper side, « d, than on the shallower uphill side, e y, the struc¬ 
ture is liable to unequal settlement, the downhill side settling most and fend¬ 
ing to split, away from the uphill portion, as might be the case with a founda- 
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tion firm in some parts and compressible in others. Hcncc, when circum¬ 
stances permit, it 1 * preferable to level off the foundation, as at d v; or, if the 
structure has to withstand downhillward pressures, v should be lower than 
d, and the course*', of masonry laid with a con os ponding inclination. 

THE CORD. 

230. The Cord. Figs 101 (a) and (b) and 102 (a) and (6). In ft 230 
to 239 we deal with cords supposed to be j>erfectly flexible, inextensible, 
frictionless, weightless and infinitely thin. 




231. Let P be the external force applied to the cord at the knot or pin, o, 
and let R be the resultant of the stresses, a s anil a-j, or o a and o b, in the two 
segments, o m and n v , of the cord. Then, for equilibrium, R must be equal 
to and colincar with P. 

232. Knowing the amount of P ( K). the tensions a\ and « e may be 

found by means of ^ 36; and, vice versa, given and s-j, we may find R 
(--- P) by U 35. Or see 40. 

233. If, as in Figs. 101 («) ami (6), the force P be applied to the cord, at o, 
bv means of a fixed knot, incapable of sliding along the cord, so that the seg- 
mentn, o m and o n, of the cord, are of fixed lengths, and the angle, x + y, 
between them, of fixed magnitude, then the force may be applied in any 
direction, as P or P\ passing between the two segments of the cord; and the 
components, «| and will be equal only when K (P produced) forms equal 
.ingles, x and //, with the two segments of the cord. If the direction of the 
lorcc, as P", coincide* with either segment, as o n, of the cord, that segment 
transmits the ont ire force, P", and the other segment none. 



234. But if, as in Figs 102 and 103, the force P be applied to the cord by 
means of a frictionless ring, slip-knot, pin or pulley, etc., then, for equilib* 
. lura, the two stresses, *i and must be equal, as must also the two angles, 
^ and y; and, if we suppose the direction of the force P to be changed, as to 
J . the pin and the cord will readjust themselves, as indicated by the dotted 
lines in Fig. 103, until the pin finally comes to rest at that point, o', where 
the angles, x' and y\ are equal, and also the stresses, and ■*'. 
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235. Even though the pin or pulley be rigidly fixed to some external ob¬ 
ject, as at o, Fig. 104, yet, if there is no friction at its axle, or between it 
and the cord, the components, «i and *j, will still be equal, and their resultant, 
R, will bisect the angle, x + y, between them. In other words, the angles, 
x and y, will be equal. 


Fig:- 104. 

236. When the pin is movable, Figs. 102 and 103, to find the position, o. 
Fig. 105, which it will assume. From the end. n, of one of the segments, o n, 
of the cord, draw n v parallel to P. From the end, m, of the other segment, 
with radius — mo+on, = length of cord, describe an arc, cutting n v in d 
Bisect n dine. Draw e o normal to »t>, intersecting m d in o. Then o is the 
required point. 

237. Whether o be a fixed knot or a movable pin or pulley, it is always 
the circumference of an ellipse whose foci arc at the ends, m and n, of the 
cord. 





238. From the foregoing it follows that, if o, Fig. lOfi, be a fixed knot, and 
if the other pins or pulleys, etc., are frictionless, the stress a o, or «j, will be 
transmitted uniformly throughout the left segment of the cord, from o to ill 
end at m; and b o, or s* throughout the right segment, from o to n. 
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239. Caution. Note that, in Fie. 107 (6), the stresses in all the cords are 
twice as great as the stresses in the corresponding cords in Fig. 107 (a), 
although each Fig. shows a load = 4 susjiended from the pulley. Thus, if 
the weight lie that of a man, hanging by the rope, and if the rope, in Fig. (a), 
be just sufficiently strong to hold, it will break if he gives one end of the rope 
to another man to hold, or makes it fast, as m Fig (6). 



The Funicular Machine. 

240. When the angles, x and y, Figs. 101, etc., are very great, a very small 
force, F, will balance a very great stress, *j or«s, in the cord. When z *= y 
= 90°, we have cos z = cos y =>■ 0, and *i = ** — infinity, however small P 
nay be If a line, m n. joining the ends of the cord, is horizontal or inclined, 
the weight of the cord itself acts as a force P. Hence 

“There is no force, however great, can stretch a cord, however fine, into 
a horizontal line that shall be absolutely straight.” 

241. The funicular machine takes advantage of the fact that, when the 
total angle, x +• y, between the two segments of the cord, approaches 180°, 
a small force, P, may balance great stresses, *i and a-> Thus, in Fig 108, let 
W represent a heavy boat (seen in plan) which is to be hauled ashore. One 
ei»l of a rope being made fast to the bow of the boat, the rojie is passed 
around one smooth post, n. to another, m, around which it is given one or 
nioie whole turns; and a man stands at the end, e, to take in the slack; while 
others, taking hold of the rope between m and n, pull it, in the direction of P, 
into a position mon. If the two angles, x and y, are equal, the component 
in the segment o n exceeds P, so long as the angle x exceeds 60°, and a 
pull, equal to this component (except in so far as it is reduced by the rigidity 
of the rope and by its friction against the post n), is exerted upon the boat at 
W, ilrawing it a short distance up the beach. The rope then straightened 
again, from m to n, by taking in the slack at c, and the operation is repeated 
as often as may be necessary. 




The Toggle Joint. 

242. The toggle joint. Fig. 109, is simply an inversion of the funicular 
machine with a fixed knot, the force P and the components, « ( and being 
pushes or compressions, instead of pulls or tensions. The joint being unable 
to move along the arms, the force P may be applied in any direction at pleas¬ 
ure, but it is usually exerted in a directs* forming approximately equal 
angles with the two arms. 


16 
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The Pulley. 

243. Figs. 110 show the relations of stresses and weights in several ar- 
‘angoments of fixed and movable pulleys. Thus, in (o) r 1 tb. 

1 lb., in (6) 2 lbs., in (r) and in (d) 4 lb,-., In each case, if the bodie» or 
w sights be set in motion, their velocities are inversely as their masses. See 
", 206 . 



244. The simple pulley. Fig. 110 («), is used simply for convenience of 
changing direction of stress, for the forces at the two ends of the cord are 
equal; but in the compound pulley. Figs 110 (6), (c), (rf), a.small force (the 
“power"), moving rapidly, at one part of the rope, balances a greater force 
(the "weight"), moving slowly, at another part Hence, the compound 
pulley is used for the purpose of overcoming great resistances slowly, by 
means of small forces, moving rapidly. 

246. To set such a system in motion * (t e . to rai->e the "weight") re¬ 
quires that the equilibrium be disturbed by making the "power" exceed the 
stress in the cord due to the "weight ” But the motion, once generated, 
will continue indefinitely if the "power" is made sufficiently greater than th« 
"weight" to balance the resistances of friction, etc. 

The Loaded Cord or Chain. 

246. In Figs. Ill the principle of the cord polygon, 86, etc., is applied 
to the case of a flexible cord or chain, sustaining four loads. Pi . . . 

at fixed points, and exerting a horizontal t pull, II, at its lower end, and an 
inclined pull, R, at its upper end. The loads, j>i. . . p 4 , are represented 
by the vertical line, 0-4, Fig. Ill (a); the horizontal pull, H, by 0-e; the 
amount and direction of the inclined pull, R, at the upper end of the cord, by 
4-e, and the tensions in the segments, 1-2, 2-3 and 3-4, by the rays, 1-c, 2-e 
and 3-e, respectively. 

247. The horizontal tension, H ( =» the horizontal component of the ten¬ 
sion in each segment), is uniform throughout the coni; but the vertical 
component of the tension in any segment is equal to the sum of the loads 
between that segment and the pulley, m. Thus, the vertioal component 


* See foot-note (*), f 1. 
t Bee foot-note (*), ^ 249. 
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(0-2, Fir. a) of the tension, c- 2, in segment 2-3, is = pi + PsI that in seg¬ 
ment 3-4 is 0-3 ~ v\ t- Pi +- pi, etc. 

248. If all the loads (including W) he increased in the same proportion, as 
indicated by the dotted lines in Fig 111 (a), or diminished in the same pro¬ 
portion, the new triangles, c' 4' 0. etc.. Fig (a), will be similar to the old, 
and the profile of the cord, Fig. (/>). will remain unchanged, although the 
stresses in its segments will of couise be mcieased or diminished in the same 
pro pot lion. 

249. In Fig. Ill we make the weight, W, which is necessarily equal to 
the horizontal* pull, H (see The Cord, 230, etc.), equal also to the 



Tig. 111. 



Fi*. 112. Fig. 113. 


sum of the loads, />i . . . p t . When this is the case, the cord segment, a-4. 
next to the support, a, and the corresponding line, c-4, Fig. (a), will be in¬ 
clined 45 u to the vertical. 

250. But if, while the loads, p, . . . p 4 , remain unchanged, wc raise the 
pulley m, so as to keep II horizontal,* we shall obtain a flatter cum. as in 
rig 11 — ; and, for equilibrium, 11 (=» W) must be made greater than the 
sum of p, . . . P 4 On the other hnml, if we place the pulley, m. lower 
tnan in rig. Ill (still keeping 11 horizontal), we obtain a deeper curve, a." in 
rig 113; and J1 ( =* \\) must be made less than the sum of p\ . . . p { . 

* In Figs. Ill 112 and 113 we suppose the weight. W, and the position of 
tne pufley, m to be so adjusted, relativelv to the support, a, that, the pull H. 
shall remain horizontal. 
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ARCHES, DAMS, ETC. THRUST AND RESISTANCE ONES. 
The Arch. 

In 1J1J 251 to 257 are given the elements of the commonly accepted theory 
of the arch. For practical considerations, see lit 258 to 266, and Stone 
Bridges. 

251. If Figs. Ill, 112 and 113 be inverted, the cold segments will repre¬ 
sent struts, sustaining compression, as do the stones of a masonry arch, Fig. 

114. 


Thrust Line. Resistance J.ine. 

252. In the case of an arch, Fig 114, assuming * that t he horizontal thrust 
II, at the crown, m, and the reaction. It. of the skowback, a, act at the center 
(or at some other definite point) of crown and of skewback, rcsjiectively, 
their amounts, and the direction of the reaction. It, may be found by means 
of the Force Triangle, H 51, or by Moments. 11 224. (See H 257.) We then 
suppose thehalf-arch and its spandrel to be divided, by vertical planes,* Fig. 



114 (6), into a number of segments, as shown; and, finding the weight and 
the center of gravity of each such segment (see Ift 257 and 266), we treat 
these segments as we treated the loads, pi ... p*. of Figs. Ill to 113, lay¬ 
ing them off from 0 to 6, Fig. 114 (a), and laying oft 0-c horizontal and ~= H. 
The rays, c-1, e-2, etc., then give, theoretically,* the directions and amounts 
of the pressures exerted by the segments, 1, 2, etc., respectively. 

The broken line, m d e f . . . .a, Fig. 114 (6), thus formed, is called the 
thrust line, or line of resultants. It corresponds with the cord polygons of 
Figs. Ill (6), etc * 

253. The resistance line is a broken line joining the points where the 
several resultants, forming the thrust line, cut the respective joints between 
the arch stones. 

254. When the planes, by which the arch is supposed to be divided into 
segments, are vertical,* as in Fig. 114 ( b ), and, indeed, in most actual 
arches, the thrust, and resistance lines, Fig 115, practically coincide; but if 
these planes are far from vertical, as in Fig. 115, the t*wo lines separate, the 
resistance line being always the outer one. 

Thus, in Fig. 115 (where the thrust line is shown solid, and the resistance 
line dotted), noticing where resultant a cuts joint A, where resultant 6 cuts 
Joint B, etc., it will be seen that the two lines practically coincide as far as to 
Joint C, where they begin to diverge. 


* See Practical Considerations, 258. etc. 
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255 . In ^ 252 we assumed that the arch and its spandrel are divided into 
vertical segments, incapable (except in the arch ring) of exerting other than 
vertical pressures. The theoretical resistance line, thus obtained, may, 
especially in deep arches, pass from the thickness of the arch ring in places; 
so that, if no other forces were acting, the arch would open at such places; 
on the intrados when the resistance line cuts the extrados, and vice versa; 



Fig. 115. 


but such opening is usually prevented by other forces, such as the horizontal! 
or inclined pressures of the spandrels. The actual resistance line is thus 
confined within the thickness of the arch ring. In general, the actual resist¬ 
ance line, Fig. 116, approaches the extrados at the crown, and the intrados 
at the hauncne«, so that the arch tends to sink at the crown (opening there 
on the intrados), and to rise at the haunches (opening there on the extrados), 
as shown. 



256. In order to avoid any tendency of the joints to open at either side, 
the arch should be so designed that the actual resistance line shall every¬ 
where be within the middle third (see f K 145, etc.) of the depth of the arch 
sing. 

257. In general, the design of an arch is reached by a series of approxima¬ 
tions. Thus, a form of arch and spandrel must be assumed in advance, in 
order to find their common center of gravity for the purpose of determining 
the horizontal thrust, H, and the skewback reaction, R, as in *R 252; and, ix 
it is afterward found necessary to modify the form first assumed, in order to 
satisfy the requirements of H 256, or for other reasons, we may have to re¬ 
compute 1! and R, again modifying the design, and so on. 
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Practical Considerations. 

258. While the theoretical thrust and resistance lines, based upon the 
foregoing assumptions, are easily found, much uncertainty exists as to the 
positions of the actual thrust and resistance lines in a masonry arch. 

259. In the first place, we do not know through what points in the crown 
and skewhack, reflectively, the resultants, II and It, pa-". 

260. Again, wc have assumed that the loads on the arch, like those on the 
curd. Figs. Ill to 113, are incapable of acting otherwise than vertically; 
v hereas the spandrel walls and filling, which form a large portion of the load 
on a masonry arch, may offer resistances acting in other direction-. If the 
loading were a liquid, like water, its pressures upon the arch ring would he 
radial, like those of the particles of steam, in a boiler, upon the boiler tubes; 
and this condition is probably more or less closely approximated in the case 
of a loading of clean dry sand; and, less closely, in the case of earth filling. 
Hence, although the determination of the theoretical thrust and resistance 
lines m an arch is facilitated by the assumption that the arch is correctly 
represented by the inverted cord, the distinction between the two cases must 
Ik* borne in mind when drawing practical conclusions from the lines so found. 

261. Thu-, m many cases, the theoretical thrust and resistance lines cut 
the intrados or the extrados in place-, thus passing entirely out of the arch 
ring; so that this would inevitably fall (see 1| 255), were it not for horizontal 
or inclined resistances exerted by the upper parts of the abutments through 
the spandrel walls and filling 

262. Hence, in order to determine, the actual resistance line, we should 
not only have to know through what points, in crown and in skewback 
respectively, the resultants, H and R, pass, but we should also have to ascer¬ 
tain and take into account the jmssihle horizontal and inclined resistances of 
the spandrel walls and filling. But, as this i- ordinarily impracticable, we 
content our-elves either with determining the theoretical thrust and resist¬ 
ance lines, a- directed above, and then estimating, as well as may be, the 
resistances of thp spandrels, or with lea-oning by analogy from the behavior- 
of actual structures. See Stone Bridges 

263. If the inverted cord correctly represented the actual thrust line in 
a masonry arch, the arch stones, in elliptic or in deep segmental arches, 
would have to be made inordinately deep, in order that the resistance line 
should nowhere leave the middle third of their depth (see 145, etc.); 
and it might therefore appear rational to make the profile of the aich corre¬ 
spond approximately wit h the thrust line, w hich usually approaches a para¬ 
bola. But, owing to the spandrel resistances, the actual thrust line, even in 
semicircular arches, probably seldom greatly oversteps the middle third. 

264. With a wall or a deep contiuuou- filling, over an arch, if the arch were 
to settle, or were to be removed, the wall and t ho filling above il would form 
an arch, as indicated by the broken line- in Fig 117; ami only that jKirtior 









ri*c. m. 


below this arch would fall out. Hence, only this portion can profierly be 
regarded as pressing upon the arch. 

265. Neglecting the strength of the mortar, the inclination of each joint 
between two arch stones must of course bo such that the angle, l>etween 
the thrust, at any joint, and a normal to that joint, shall be less than tha 
angle of fnc'.on See 183, 18 4. 
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266. It is often the case that the spandrels or the spandrel filling are of 
less specific gravity than the arch ring. In such cases, in order to facilitate 
the finding of the lines of gravity of the segments, wc may, before dividing 
the half-arch, and its spandrels into vertical segments (•■ 252), consider the 
lighter structure of the spandrels as being reduced to an equivalent depth 
of material having equal specific gravity with the arch, lhe areas of the 
several segments, as seen in profile, and as thus reduced, may then be taken 
a- representing their weights. Thus, m Fig. 118, when: 111 represents the 



top of the spandrels, the curved line c e e represent* the lop of a filling eft 
equal weight per foot run with the spandrels, but of equal -pecific gravnv 
vi ith the arch ring. When, as in Fig. 119, the spandrels con-ist of a series of 
t ransverse arches, we may assume that the main arch carries a -cries of loads 
concentrated at the piers of these transverse arches. 



Fig. lift. 


The Masonry Dam. 

267. A dam must be secure against sliding, on its base or on any plane 
within the body of the dam, against overturning, and against crushing of the 
material at an> point and consequent opening of a -earn at either face of the 
dam. 

268. The <lam will be secure against sliding if the resultant of all the pres¬ 
sures, upon any surface, forms, with a normal to that surface, an angle 
less than the angle of friction of the surface. See *!*; 183, etc. In 
practice, the base of the dam is let well down into the rock foundation, as 
indicated in Fig. 122 («), and continuity of joints is avoided by making all 
the stones break joints. The angle of friction thus becomes in effect, 90°, 
and sliding cannot occur without shearing the stones themselves. 

209. If the material is sufficiently strong to resist crushing, under the 
maximum unit stresses brought upon it, and if the resultant of all the forces 
acting upon any section falls within the l»ody of the dam, the dam will be 
secure against overturning. Hut see 270. 

270. For a given total pressure upon any section, the maximum unit 
pressure in the section would be least when the resultant cut the middle 
jioint t> c l he section. Bee Center of Pressure, Hlj 133, etc. It is generally 
impracticable to secure this; but the dam must be so designed that, under 
the maximum unit pressure, the given material shall not be taxed beyond 
its safe crushing strength. If this is done, and if, under all conditions, the 
center of pressure is kept within the middle third (see f 150) of each hori¬ 
zontal section throughout the dam, there will be no tendency to open or 
either face of the dam. 
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271. Let Fig. 120 represent a stone block, resting upon a solid foun Jation 
and intended to sustain the pressure, p, of quiet water on one side. Through 
the center of gravity, g, of the block, draw o'N vertically, to represent the 
weight, W, of the block. Then the point, s, where o' N meets the foundat ion, 
is the center of pressure for the block alone, i e , when the water is removed. 

272. Let h be the depth of water back of the block, and let the blork be 
one foot m length, measured normally to the pa|«*r. Then the amount, in 
pounds,of the water pressure, against the vertical back,a 6, is p --=62.5 % K 
and its center of pressure is at a depth, d — %h, below the water surface. 

273. Combining p with W (^[ 35) we obtain R as their resultant, and r 

as the center of pressure upon the foundation when the block is sustaining 
the water pressure. • 

274. Let Fig. 121 represent several such blocks superposed Let 

g\ = cen of grav, p\ = cen of water pres, for block 1; 

02 — “ “ “ p> = “ “ “ “ “ blocks 1 and 2 combined; 

0i -* “ “ Pi = “ “ “ “ “ “ 1, 2, and 3 combined, 

etc 

Then, finding ri and *t. r-.- and r, { and s t , cte , for joints 1-2, 2-3, 3-4, 
etc , as before, we have the points n, r. r, ( , etc , in the resistance line for full 
dam, and the i>oints sj, etc , in the resistance line for empty dam. 



275. In Fig. 122 (a) the curves, u u and d d, indicate the up-stream and 
down-stream limits, respectively, of the middle third of the plane separating 
each two blocks, assuming the profile with vertical back; and the points 

rj. .. . n and .*r are points in the corresponding resistance lines for 

full dam and for empty dam respectively. 

276. While theory would require the croas-seetion of the dam to terminate 
in a sharp angle at the top, it is, of course, always made heavier in practice, 
as indicated in Fig. 122 (a). 

277. For joint 2-3 we may suppose that block 2 had at first been designed 
rectangular, as Bhown by dotted line c a (Fig. 122 (c), showing blocks 1 and 
2 enlarged); but this makes the center of pressure, r'. for the full dam, fall 
beyond the middle third of the narrow base, « b. We therefore try the trape¬ 
zoidal shape c i b, with its wider base, i b, and find that, with this, the center 
of pressure, r 2 , although further down-stream than before, falls within the 
middle third of said wider base. The remainder of the urofile is determined 
by similar trials. 
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278. Graphic Method. Suppose the cross-section to be divided, by 
horizontal sections, into numerous blocks, 1, 2, 3, 4, etc., of a depth approxi¬ 
mately ■= the top width of the dam. Jn Fig. 122 ( b ), draw 0-1, 1-2, 2-3, 3-4. 
etc., vertically, to represent, by scale, the weights of the several blocks, 
respectively, and 0-1', l'-2', 2'-3', 3'-4', etc., horizontally, to represent 
the water pressures against said blocks respectively; and draw l'-l, 2'-2, 
3'-3, 4'-4, etc., representing, in amount and in directiou, the total inclined 
pressures upon joints 1-2, 2-3, 3-4, etc., and upon the base, respectively. 
Thus, 2'-2 represents the resultant of the water pressure (see Hydrostatics) 
upon blocks 1 and 2, and the combined weight of those blocks. From the 
points, oj, Oo, etc.. Fig. 122 (c), where these two forces meet in each case, draw 
O] T\, 02 r 2 . etc., parallel respectively to l'-l, 2'-2, etc., Fig. 122 (6), to the 
corresponding joint. We thus obtain points, r*i . . . r 6 . in the resistance 
line for the case where the dam is filled to the assumed depth. 

The foregoing refers to the diagram for a dam already completed or de¬ 
signed. In designing de novo, we of course begin at the top, and lay off 
the lines 0-1, 0-1' and l'-l m Fig. (6) for the first block; then lines 
1-2, l'-2' and 2'-2, for the second block, and so on; making necessary 
changes, as in U 277. 


(6) 



279. In order that the resistance line, r\ . . . r«, for the full dam, may 
be brought well within the middle third, it may sometimes be necessary to 
adopt a somewhat unwieldy cross-section; but, in view of the imminent 
danger involved in the smallest opening on the up-stream side of the dam, 
(see H 281), it is well here to err on t he safe side. 

280. As this process is carried further down, the angle formed between 

the down-stream face and the vertical becomes considerable; and the middle 
third, in each of the lower joints, is thus brought further down-stream. 
The centers of pressure, . a«, for empty dam, may then fall beyond 

the middle third, on the up-stream side, as indicated at joints 6-6 and 6-7. 
To obviate this, the up-stream face is sometimes given % curved profile, mm 
a*, m n. 
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Practical Considerations. 

281. The assumption of ideal conditions is particularly danger¬ 
ous in the case of masonry dams. Tims, anv compression of the material 
at the down-stream face may open seams on the up-stream face; and water, 
entering these seams, will exert a wedge-like action, shifting the resistance 
line further down-stream, thus still further increasing the tendency to crush¬ 
ing on the down-stream face and to opening on the up-stream face. Again, 
if any relatively smooth joints have been left, the water, thus penetrating 
into or under the dam, increases the tendency to slide, not only bv diminish¬ 
ing the effective weight of the upjkt portions, but also by acting as a lubri¬ 
cant upon the seam where it penetrates 

It has been suggested that failure* of dams rryiy have been occasioned, 
in part at least, by vacuum, formed in front of the down-stream face, by the 
action of the sheet of water falling in front of that face. 

282. Theoretically, the deflections of arches, dams and other sti ucture« 
composed of blocks, may be found by means of the formulas in lili 102-167 
of Trusses; but, owing to uncertainty as to the values of the moduli of 
elasticity, E, of building stones and of mortar, and to the relative inaccu¬ 
racy of finish in masoni.v work, the formulas are of but little practical 
value in such cases 


TIIE SCREW. 

283. The *erew is a spiral inclined plane. The force (or “power”) de¬ 
scribes a spiral, at the end of a lever arm, while the resistance (or “weight ”) 
moves along the axis of the screw. During the time in which the force 
makes one revolution, the resistance traverses the “pitch," or distance be¬ 
tween the centers of two adjacent thread-* 

284. Hence, if P = power, tr weight, d = pitch, l lever arm, v 
rectilinear velocity of weight, ami V linear (circular) velocity of power, 
■vehave, theoretically:* 

ic V 2 ir / 
r v .i • 


* Neglecting friction, which, howler, very greatly modifies the result. 
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FORCES ACTING UPON BEAMS AND TRUSSES. 


Conditions of Equilibrium. 

28. r ». In beams and trusses, for equilibrium, it is necessary and sufficient 
that the resisting forces, everted by the material of the structure, and the 
moments ot those forces, shall balance the external or destructive forces and 
their moments. We here discuss chiefly the destructive forces. For the 
resisting foiees, see Stresses, under Trusses, and Beams or Transverse 
Strength, under Strength of Materials. 

286. The destructive forces are (1) the loads upon the structure, includ¬ 
ing its own weight, “live" or moving loads, wind, etc., and (2) the reactions 
of t ho supports. We shall here discuss the action of vertical loads only, in¬ 
cluding (a) the dead load, or the weight of the structure itself, together with 
the roadway, etc., and (b) the live, moving or extraneous load of vehicles, 
trains, persons, etc. The action of horizontal loads (wind, centrifugal force, 
etc ) is governed by similar laws, and is discussed under Stresses, in Trusses. 

287. Let Fig. 123 (a) represent a cantilever, resting upon a support, b, 
and bearing a load, W, at its outer end, a. The cantilever is prevented from 
turning about b, by the tension, T, of a horizontal chain, and by the compres¬ 
sion, C, in a horizontal strut.* Neglecting the weight of the cantilever 



itself, the cantilever is acted upon by four external forces, forming two 
couples; one couple consisting of two vertical forces—viz., the load, W, and 
the reaction, It', of the support; the other couple consisting of two horizontal 
forces—viz., the tension, T, near the top. and the compression, C, near the 
bottom. Were it not for the reaction, R', of the support, b. the load, Wj 
would pull the cantilever downward, as indicated in Fig. 123 ( b ). 

288. In Fig. 123 (a) we have: 

Algebraic sum of vertical forces — R' — W «- 0; 

44 “ 44 horizontal 44 — T — C ■* 0; 

44 44 44 moments, about any point, aso, 

W m — R'.r + T.t 1- C ’ « 0. 


* In Figs. 123 to 127, inclusive, and Figs. 132 and 133, showing cantilevers, 
beams and part beams, acted upon by loads, by reactions, by pulls of chains 
and by pushes of struts, the arrows denote forces acting upon the cantilever 
or beam or upon its segments, and not forces acting upon the load, the sup¬ 
ports, or the connecting chains or struts. Thus, the tension in a chain tends 
to draw toqether the two bodies which it connects. Hence, in these cases, the 
corresponding arrows point toward each other. On the other hand, the com¬ 
pression in a strut tends to separate the two bodies between which it acta, 
lienee its two arrows j>oint away from each other. 
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289. If, as in Fig. 124, the horizontal forces are exerted at the end farthest 
from the support, and at the same distance apart as before, their amounts 
and senses must remain respectively the same as before; but we now have 
compression, C, at the top, and tension, T, below. Or, if Fig. 123 be in¬ 
verted, R' acts as the load, and W as the upward reaction; and we have, as 
in Fig. 124, compression, C, at top, and tension, T, below. Thus, Fig. 124 
is practically Fig. 123 inverted. 



290. The condition described in 289, Fig. 124, represents also the condi¬ 
tion in each segment, A, B, of a beam, Figs. 125 (a) and (6) or Figs. 126 (a) 
and (6), supported at both ends and bearing a concentrated load, W + W, 
Fig. 125, or W + w, Fig. 126. 



Fig. 125. 


291. Suppose the beam, Fig. 125 (a) or Fig. 126 (a), to be divided 
into two cantilevers, or part beams, as in Fig. 125 (5) or Fig. 126 (6); each 
part sustaining, at its end, a part of the original load. (See f 292.) The 
stresses in the strut and chain. Figs. ( b ). take the place of stresses in the ma¬ 
terial (situated in the dotted line) of the truss or beam, Figs. (a). In a truss, 
these forces are exerted by the chorda: in a beam, by the particles or fibers 
throughout the section. 



Fiff. 126. 


292. If, as in Fig. 125 (a), the load is at the center of the span, the spans, 
x and y, of the cantilevers, Fig. 125 (6), are equal, as are also the loads, 
W — W, carried by them. But if, as in Fig. 126 (a), the load, W + tv, on 
the beam, is not at the center of the span, the partial loads, W and w, sup¬ 
posed to be supported at the ends of the two cantilevers, or part beams, re¬ 
spectively, Fig. 126 (b), are unequal, and inversely proportional to their 
leverages about their respective supports. Hence, the moments of the two 
opposite couples are equal. The reaction of each support is equal to the 
weight earned by the cantilever resting upon it. 





END REACTIONS. 


439 


End Reactions. 

293. In a cantilever, Fig. 127, there is but one vertical support; the reac¬ 
tion, R', of that support, is — the sum of all the loads, including the weight 
si the cantilever itself; and the reaction due to each partial load is — such 
partial load. Thus, if B — weight of cantilever, 

R' — W + w -f B. 



Q w a« 


(O) 



Fi|f. 128. 


294. The reaction, R', must not be confounded with other vertical forces. 
Thus, a cantilever is often supported as in Fig. 128 (a). The couple, com¬ 
posed of two horizontal forces, T and C, Fig. 127, is then replaced by a couple 
composed of two vertical forces, V and V', Fig. 128 (6); one of which, V', co¬ 
incides with the reaction, It'. Here, R' + V', acting upward, is the anti¬ 
resultant of W, w, B and V, acting downward. 

295. In a beam. Fig. 129, the sum of the two end reactions is — the sum 
of all the loads, including the weight of the beam itself. 

296. The reaction, R, of the left support, a, Fig. 129, due to the load, 
W, alone, is R * k W . ^ (see ^ 17), and the reaction, R', of the right 

support, b, is — W — R — W . . If the load is central, ^ , and 



Fig. 129. Fife. 130. 


297. Graphically, Fig. 156, suppose a concentrated load, W (not shown), 
to be placed on the beam at any point, as c. Draw a ' a" and V b", vertical 
and each - W. Join a" b'\ also join a' b”, and draw g h vertically through 
d. Then the ordinate, c' g, to the upper line, a" 6', and the ordinate, d b, 
to the lower line, a' b ", give the left and the right end reactions, R and R', 
respectively. 

298. Where, as in Fig. 130, there are two or more loads (in which thfl 
''■eight of the beam may or may not be included), the reactions due to each 
load may be separately obtained, the sums of these reactions giving the total 
reactions; or, the common center of gravity. G, of all the loads may first be 
mund (see 125, etc ), and then the reactions found as for a single load, 
W, Fig. 129; the oombined weight of the loads, whose center of gravity is at 
" being supposed concentrated there. 
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299. In a oeam, Fig. 131, under a load, W, uniformly distributed over any 
part of the span, let G be the center of gravity of the load, and let x and y be 
the segments of the span, l, to the left and right of G respectively. Then, 

neglecting the weight of the beam, It - W -*f; and R' - W —• It - W -*, 




pwapJr 

la I MB a " _ 

1 

)c ' 

J 

Wm. 

“1 

T ,L „ 



Fig;. 131. 



300. If the load is uniformly distributed over the entire span, its center 
of gravity is at the center of the span, and we have: 

f-f-v 


Moments and Shears. 

301. In order to determine what internal stresses are required, at any 
point in the span, to maintain equilibrium, we may suppose the cantilever 
or beam to be cut in two by a section, c c. Fig. 132 or Fig. 133, at such point, 
and inquire what forces must be applied, in the section, in order to main¬ 
tain equilibrium and hold in position the two segments, E and F, into which 
the section, cc, divides the span, Fig. 132, or that part of the span between 
the load and a support, Fig. 133. The forces, so ascertained, are evidently 
equivalent to those actually exerted, for the same purpose, by the material 
of the beam itself. 

302. In Figs. 132 and 133, moments of loads and of reactions, or exter¬ 
nal or bending moments, are indicated by arrows beiow the cantilever 
and beam respectively; while the resisting moments of the internal forces 
are indicated by arrows vrilhin the body of the cantilever or beam respec¬ 
tively. 

303. In the cantilever. Fig. 132, the load, tr, « 4 lbs., distant 6 ft. 
from the section, c c, produces there a left-hand or negative moment of 6 to = 
6 X 4 — 24 ft.-lbs. Hence, for equilibrium, the horizontal strut and 
chain, at cc, must exert a right-hand or positive resisting moment of 24 
ft.-lbs ; and, being 2 ft. apart, they must exert a tension, T, and compression. 


C, of - 


1 12 lbs. each. At the support, moment of load “ 9u> » 9 X 4 ■ 


36 ft.-lbs.; and T' 


. C' - 3 ® - 18 lbs. 


304. But, considering only the forces thus far discussed, we should find the 
right segment, F, acted upon, at cc, by a left-hand couple, — d X T— 
dXC“2X12” 24 ft.-lbs.; and. at the supi>ort, by a right-hand couple, 
■rfXT'«dXC'-2X 18 = 36 ft.-lbs. In other words, there would 
be an unbalanced excess of right-hand moment, = 36 — 24 = 3 R' — 3 X 

A — lO f* __ V T? „i,.~ _ . • •• - 



right-hand moment of 2 X 12 — 6 if - 6 X 4 - 24 ft.-lbs., and E receives, 
from the load, to, a downward pull — 4 lbs. 

305. For equihorium, therefore, the vertical chain at cc must exert a 
tension — 8 — to « R' - 4 lbs., pulling Fdownward, and E upward. The 
downward tension, —S, acting on F at cc, forms, with the reaction, R', of 
the support, a left-hand couple - 3 R' - 3X4-12 ft.-lbs., balancing 
the excess of right-hand moment acting upon F; while the upward tension, 
+' 8, acting on E at c c. forms, with the weight, to, a left-hand couple, - 6 w 
• 6 X 4 m$ 24 ft.-lbs., balancing the excess of right-hand mom. acting on E 
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306. Similarly, if we suppose the cantilever cut through by a section at 
any other point, we shall find that a vertical force, = S •=* w = R', acting 
upward upon the left segment and downward upon the right segment, 
is required in order to maintain equilibrium and to transmit the load, w, 
to the support, so that the two segments may act unitedly as a single 
cantilever. This force, S, is called a shear. See U*|[ 325, etc. Without it, 
section E would fall, as m Fig. 123 (5). 

307. In the beam, Fig. 133, the total load is 16 lbs.; and, its distances, 
3 ft. and 9 ft., from the left and from the right support respectively, being 
as 1 to 3, the end reactions (*i*j 293, etc.) are as 3 to 1 ; or R = 16 X t 
— 12 tbs.; R' — 16 X i 4 lbs. We therefore regaid the beam as be¬ 
ing cut bv a section at the load (as well a" at c c). and the total load of 
16 lbs. as divided into two portions; one, W - - R -12 lb*- attached to the 
end segment, M; and the other, w - R' =4 tbs , suppoited bv the mid¬ 
dle segment, K. Here, as in Fig. 132, segments E and 1 together form 
a cantilever, 9 ft. long, loaded with a weight, w, of 4 tbs., ai it* end; but. 




in hig. 133, the horizontal resisting forces, T' and O', by which the entire 
cantilever (E -f F) is upheld, are exerted, not at the support, as in Fig. 132, 
but at the end farthest from the support. 

308. We have, therefore, in Fig. 133, positive (clockwise’' and negative 
i counterclockwise) moments, as follows, acting upon E, about thelower 
end of c c : 

d r — 6 w — d 0 -= 2 •< 18 — 6 X 4 — 2 X 6 = 0. 

Here, d iV — 6 tt\ =* 36 — 24 -- 12, is bending moment, and — d C, 
-7 12, is resisting moment. 

We have, also, in c c, shear, S ** w «• R' — 4 lbs. 

309. In Fig. 132 or in Fig. 133, considering the segment extending from 
the load to either support (in Fig. 132 there is but one such segment), it will 
be seen that, at the free end of any such segment, the horizontal stresses are 
*ero, and that they increase uniformly to a maximum at the other end of the 
segment. Thus, in Fig. 132, they increase uniformly from 0, at the loaded 
or free end, to 18 tbs., at the support; while, in Fig. 133, they increase uni* 
fcirmly from 0, at each support, or free end. to 18 lbs., at the load. 
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Momenta in Cantilever*. See also pp 437 Ac. 

310. In a cantilever. Fig. 134, each load exerts, about any point between 
Itself and the support, a moment = its weight X the horizontal distance of 
its center of gravity from such point; and the total moment, at any point 
is the sum of the moments of the several loads about that point. Thu** 
neglecting the weight, of the cantilever itself, we have : 
about b, mom — A x + B u ; about d. mom — A z ; 
about c, mom « .4 tn + ft n ; about A , or any point beyond .l.motn — i> 



311. In a cantilever. Fig 133, the maximum leverage of any load. H , 
is evidently its distance, l. from the support, b Hence, the maximum laud¬ 
ing moment of any load upon a cantilever is at the support, and is ^ 11' / 
From this max, the mom diminishes uniformly to 0, at the load and at a 

In Fig. 134, the end. b a, is uniformly loaded, anil the diminution of mom, 
l>et w b aud a, follows the ordinates of a parabola, as in m k' , Fig. 137. 

311 a. In cantilevers and beams, Figs 129. 131, clockwise moments <.f 
forces, to the lift of a given point, c, about that point, are considered posi¬ 
tive, and vice versa. Positive moments extend the lowir and compress the 
u pptr fibers, and vice versa. 

313. In Fig. 135 (ft), (cantilever with a single load, IF, - ) draw b' rw, 
max mom by scale, and join m IF' and m a'. Then, for any point, c, 
moment = ordinate at c' to line m IF'. 

313. In a cantilever, Fig. 13G {a), with two or more concentrated loads, 
IV and w, let 

b'm, I ig. 130 (/i), = moment of IF, at the support; 
b ' m\ Fig. 136 (b), =* moment of w, at the support. 

Then, for both loads, IF and w, neglecting the weight of the beam, 
at d, moment *•= moment of IF alone. = ordinate at d' ; 
at c, moment — sum of moments of IF and w, 

-- sum of two ordinates, r' n and c' id, at c'. 




3U. In a cantilever, Fig. 137 (o), under a load, W, uniformly distributed 
over a length, l, beginning at the support, b, the maximum moment, at. the 
support, 6 , is = W 1/2. 
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In Fig. 137 (6), make b'm = said max moment, and draw a semi-parabola 
m k , with apex at k . Then, at any other section, c, the moment is repre¬ 
sented by the ordinate, c', of said parabola, and is — w . where w = the 

weight of that portion of W beyond c, and x *=» the length of that portion. 

At k, or at any point beyond k, moment = 0. 

In Fig. 138, neglecting the weight of the cantilever itself, let W repre¬ 
sent the weight of the whole load, and w, that of the shaded portion, concen¬ 
trated at their r espective centers of gravity, G and g. Then, 

about, b, moment = W . x; 

“ ,• ■■ _ tu 


-- W . 1', 

A, or any point beyond A, moment — 0. 



Fig. uts. 

Moments In Beams. 

316. In a beam, Fig. 129, the upward reaction of each abutment exerts, 
•Ixiut any point, a moment = reaction X distance of support from such 
point; but any load, between such point and the support, exerts a contrary 
moment ^ load X distance of load from such point. r lhus, 

about c, moment - R' z =* R (Z — z) — W (y — z). 

At each support, the moment i>- 0 

317. In a beam, Fig. 129, carrying a single concentrated load, W, the 
moment, IV.z, at any point, c, is — R'z --- W * . z - R (/ — z) — W (y — z) 


W. J (Z— z) —W (y— z). At a point, as c, not under the load, the 



Fig. 129 (repeated). Fig-. 139. 


318. From the point, o', Fig. 139 (6), corresponding to the point, o, Fig. 
(«), where the load is applied, erect an ordinate, o' m, equal by scale to the 
(maximum) moment, — R'. y — R . x, at that point. Join a'm b'. Then 
the ordinate to a'm. or to m b' f at any point, c', d', e etc., represents by 
scale the moment at the corresponding point, c, d, e, etc., in the span. 
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319. When the load, W, is at the center of the span, f, Fig. 140, each end 
reaction is *■ Hence, the moment s', at any point, *, distant y from a 
support, a f> b, is 

moment =- ^ * y ' 

At the center of the span (i. €., at the point under the central load, W) 
are have: 



Figf. 139 (repeatwl). 


Fig;. 140. 


In order that the maximum moment (at o. Fur. 139) due to an eccen¬ 
tric load, W, may be equal to the maximum moment (at center of span, 0 
due to a given center load, (', we must have 


W 


c. 


I . 
4 ; 


or W = C 


l 

4 


l 

ry 



tv 


320. When there are two or more concentrated load\ c, d, e, Fig 141, 
treat each load as in Fig 139, making each short ordinate, rn, m\ m", repre¬ 
sent the maximum moment of its single load, c, d or e, alone. Make the long 
ordinates, M, M' and M* = the sums of the separate moments, as measured 
at e', at d\ and at e', respectively. Then the ordinate to a' M M' M* b\ at 
any point, represents the total moment at that point, due to the several 
loads combined. 




Fig. 141. Fife. 142. 

321. In a beam, Fig. 142, under a uniform load, W, covering the span, (, 
the maximum moment is at the center of the span, and in 


W|_WI 
" !’! *’4 


W.I 


D 1 Wl 
moment - - ^ 


W 1 

a 4 




MOMENTS. 




Make o'M, by scale, =» the maximum moment; and draw the parabola, 
«' M h', with vertex at M. Then the moment, at any section, as*, is repre¬ 
sented by the corresponding ordinate, «', to that parabola. s 

Let w and v -- the portions of W to the left and right of a, respec¬ 
tively. Then, moment at s *» ^ y * = * r * — * moment due to whole 

load, W, concentrated at ».* 

At either support, moment *= 0. 

Jn Fig. 131, at a point, c, under the center of gravity of a load, W, uni¬ 
formly distributed over a portion, *, of the span, neglecting the weight of 
the l»eam, 

„ W * TJ W.a ... W.s 
moment -•= R.x — 2 ' ’ 4 = -8 = " ^ V ~ "IT”* 

Let W — the total load, whether concentrated or uniform, and let 
l ----- the span. Then the maximum moment, M, is as given below: 


Cantilever 


Supi>orted beam f 


Fixed beam.i 


Load, W, at end 
“ “ uniform. 

“ ** at center. 

“ “ uniform. 

“ “ at center. 

“ “ uniform. 


M at support 

“ at center 


“ 4 * " or support 

“ “ support 


M = 


* W l; 
W l 
2 ’ 
wz. 

' 4 ; 
WJ. 
8 * 
WJ 
8 ’ 
W Z 


323. In the inclined beam, Fig 143, the inclined distances may be used, 
instead of the horizontal distances, in finding the reactions. Thus, 

reaction R' — W . J = W . *,■■. 

But, in finding moments of vertical forces, we must of course use the 
horizontal, not the inclined, distances Thus, at r. moment R'e; not RV. 



£ £ £ £ *■ 

With W concentrated at *, 

moment at*— W ^ y — try — W-^t - fi. 


t Beam supported at each end, but not fixed, 
t Beam fixed at each end- 
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324. In curved beams, the same principles apply as in straight beams. 
Thus, Fig. 144, at *, moment *» W . I. Again, in Fig. 145 (a), reaction R' 

« — y~, and at s, moment = R'. y. Or, as in Fig. 145 (6), from o, where 

the load is applied, draw o a and o b, to the two supports respectively, and, 
by means of the force parallelogram, find the components, p and q, of W. 
Then, at*. 

moment — p . n. 



Shear. 

325. In the beam, a b. Fig 146 (a), consider the segments, a c and c b, to 
the left and to the right respectively of the plane n n. Besides the horizontal 
forces acting across the plane n n, we have seen (*[ 305) that we require also, 
for equilibrium, a vertical force, = the left end reaction. R, acting down¬ 
ward upon the left segment, a c, and forming a couple with R; and, at the 
same time, acting upward on the right segment, c 6, being “ the load, W, 
minus the right end reaction, R'. This force is called the shear, S, in the 
section n n. It may be regarded as the transmission of the vertical forces 
from loads to supports or vice versa. 

326. The two segments, a c and c b, thus tend to slide vertically past each 
other, the right segment, c b, tending downward, owing to the preponder¬ 
ance of the load, W, over the right end reaction, R'; and this tendency is 
resisted by the shear, S, which is =» the left end reaction, R. The same ten¬ 
dency exists uniformly between W and a, and is resisted throughout by a 
shear = S = R 

327. Between the load, W. and the right support, b, also, a uniform shear 
exists; but here the shear, S', is *= the right end reaction, R', - R — W; 
and, whereas the shear, S, to the left of the load was riffAZ-handed or clockwise 
(the portion to the right of any section, n n, receiving the downward force), 
and is called positive, or +, the shear on the right of the load is left- handed or 
counterclockwise (the portion to the left of any section receiving the down - 
ward force), and is called negative, or —. 

328. The shearB, 8 and S', to the left and to the right of the load, W, are 
represented by the diagrams in Fig. 146 (6): that, S, on the left of the load 
being drawn above the zero line, a' b', to indicate a positive shear, and vice 
versa. 

329. Comparing Figs 146, 147 and 148, notice that, between the left sup¬ 
port, a, and the load, W, Fig. 146, we have positive shears, S — 90, Fig, 146, 
and s = 15. Fig 147; so that, in Fig. 148, where both loads, W and w, are 
placed upon the same beam, we have, between a and W, a total positive 
shear ofS+s*90 4-15 — 105. Between the right support, b, and the 
load, w. Fig. 147, we have negative shears, S' *= — 30, Fig. 146, and s' — 
— 45, Fig 147; so that, in Fig 148, between 5 and to, we have a total negative 
shear ■» S' -f s' — — 30 — 45 ^ — 75. But, between the points of appli¬ 
cation of W and of v\ we have S' ■* — 30, Fig. 146, and » — + 15, Fig. 147; 
leaving, between W and w. Fig. 148, s F S' “ 15 — 30 — —- 15. If the 
total right end reaction, R' 4 r'. exceeds w, as we here suppose, the Bhear, at 
any point between the two loads, W and to, Fig. 148, iB negative, as indi¬ 
cated ; and vice versa. 




830. In any section, the shear is — the reaction at either end, minus any 
toads bet ween that end and the given section. 

331. If, as in Fig. 149, the right end reaction, It' + r', is =* the load, u», 
then the left end reaction, R t r, is = the load, W; and there is no shear at 
any point between the two loads. In other words, if the beam be cut by a 
section at any point between W and w, horizontal forces alone will pre¬ 
serve equilibrium, no vertical forces being required, since the two segments 
have no tendency to slide vertically past each other. 

332. A similar condition exists in any section where the sign of the shear 
changes from -f to or vice versa. Thus, if the beam be cut by a section 
immediately under W, Fig. 146 9 r 148, or under w, Fig. 147, horizontal forces 
equivalent to the fiber stresses in the beam, will suffice to preserve equilib¬ 
rium, without a vertical force, or shear; there being no tendency of the two 
segments to slide past each other. Also, when, as in Fig. 149, under W 
and under w, the shear changes, in amount, from any value, on one side of 
a section, to 0, on the other side, the shear in the section itself is — 0. 



FI*. 148. 


C33. But in the section under w. Fig. 148, where the shear changes in 
amount, although not changing sign from + to — or vice versa, there is ft 
shear *=* the leas of the two shears on the opposite sides of the section, for 
this is the amount of the shear transferred through the section, or is the 
tendency of either segment to slide past the other. 

334. With any number of loads, if that portion of the total load to the 
left of any section be called X, and that portion to the right of the same sec¬ 
tion be called Y, it will bo found that the shear in the section is equal to the 
difference between that part of X which goes to the right support, 6, and that 
part of Y which goes to the left support, a. 

335. With a load, W, Fig. 150 («), uniformly distributed over the entire 

W 

span, the maximum shear, » R — R' — is at each support, a and b. 

The minimum shear, ** 0, is at the center, r, of the span, which is also the 
point of maximum bending moment, see \ 321 and Fig. 142. At any point. 
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d, the shear is given by the corresponding ordinate, d', Fig 150 (b). Set 
Relation between Moment and Shear, Inf 3.39, etc. 


33(5. With a load, W, uniformly distributed oyer any part >/. of the span, 
Fig. 151 (a), find the end reactions, It and K', as in 299. 1 lien 



Fiff. 152. Fl|c. 153. 

337. When the loaded portion, y, of the span, begins at one of the sup¬ 
ports, b, Fig. 152 (a), then since R - W-~ ■= W , we have 

W y 

J R 21 y y 2 

a- - d c - y . w v w - V g i “ - 2 I 

338. When a concentrated load, W, Fig. 153, is added to a load uniformly 
distributed over the entire span, or over a part of it, each load produces the 
game shears as if it alone were upon the span. Those due to W are repre¬ 
sented in Fig. 153 ( b ), while those due to the uniform load aro represented 
in Fig. 153 (c). The resultant .shear, due to both loads combined, is repre¬ 
sented in Fig. 153 (d). Note that, Iietween v and r, the addition of W, with 
its positive shear, reduces the negative shear due to the uniform load, and 
that, between r and z, the addition of W reverses the negative shear; also 
that it shifts the zero point from z to r. 

For Continuous Beams, see Beams, under Strength of Materials. 
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Influence Diagrams. 

339. The end reactions, due to a given load, and consequently the 
moments, shears and stresses, produced, at any given point in a span, by 
such load, vary a** the position of the load, relatively to the supports, is 
changed. A diagram, Figs. 154 (6), 155 (5), 156 (6), showing the changes 
thus produced at any given point, is called an influence diagram, or influ¬ 
ence line.* 

Influence Diagram for Moments. 

340. Thus, in I- ig 154 ( b ), a'Mb' is the moment influence diagram for the 
point, c, under a single concent rated load, W.f 



341. In Fig. 154, let / lie the span, a-the variable distance of the load, W.t 
from the right suppoit. b, and y the constant distance, a c, of a given point, 
r, from the left support, «. Then, for any position of W, the left end reac¬ 
tion, U, is *= W . t , and the moment of that reaction about c, = R . y, 

x i ._j 

*= ^ • £ . V‘ The right end reaction is R' — W ^ , and its moment, about 
c, is It' (1 — 1 ,) » 

So long as VV is between 6 and e, the moment at e is «■ It. y * W. . y. 

342. Since W, y and l are constant, the moment, at c, while W is between 
b and c, is proportional to the variable distance, i, of the load from b. It 
t iierefore increases uniformly, from 0, when W is at b, to its maximum value, 
M, when W is at c. See 317. Hence, if the ordinate, c'M, be made 
equal, by scale, to the maximum moment, M, then the moment, at c, for any 
position, d, e or /, of W, between c and b, is given by the corresponding ordi¬ 
nate, d\ e’ or V, to the line b' M. Similarly, the moments, at c, for any 
•►ositions of W bet v> een c and a, are given by the ordinates to the line a' M. 

343. For the moment, at c, for any number of loads, in any positions, find 
the moment, at c, for each load separately, as above, and take their sum. 

344. It is customary to construct the moment influence diagram for the 
moments of a load, W. = unity (1 ton, 1 pound, 1 thousand kilograms, etc.). 
Each ordinate mu.-d then be multiplied by its corresponding load, measured 
m the corresponding unit, in order to obtain the required moment. 

345. When W is at the point, c, we have x =- l — y. Hence, ordinate, 

c' M, «= maximum moment, — W . —~ . y; or, if W * 1, e'M -»*— . y. 

The area of the diagram, o'M6', is -» ^ e' M = ^ j™ . y 


* See “Calculation of tho Stresses in Bridges for Actual Concentrated 
1887° ,W by Prof. Geo. F. Swain, “Trans. Am. Soc. C. E.,“ vol. xvn, July. 

t Inasmuch as the load, in this discussion, occupies different positions at 
different times, it **ot shown in Fig. 154. 

33 
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STATICS. 


349. If a load, ■■ 1, be distributed over a length, — 1, at e, Fig. 135 (a), 
the resulting moment, at e, may be represented by the area of the rectangle 
standing on d, Fig. (6), the height of said rectangle being the ordinate, d M, 
and its length « 1. Similarly, the moment, at c, due to a uniformly dis¬ 
tributed load, e /, of 1 per unit length. Fig. (a), may be represented by the 
sum of the areas of the rectangles between d and Fig. ( b ); and, if we sup¬ 
pose the load, e /, Fig. (a), of 1 per unit length, to be divided into a very 
large number of very narrow vertical strips, the resulting moment, at c, may 
be taken as represented by the area of the shaded trapezoid over d F, Fig. 
155 ( b ). The moment, at c, due to a load of p (tbs., tons, etc.) per unit length, 
and occupying the same length, e /, is •» p X area of trapezoid over d Fig. 
155 ( b ). 

347. Hence, the maximum moment, at c, due to a uniform load of p (lbs., 
tons, etc.) per unit of length, occurs when that load covers the entire span 

This maximum moment is - p X area a'M6', — p -—• See U 345. 



348. Under a single concentrated load, the shear, at any point between 
the load and either support, is — the reaction of that support. See 326 
and 327. 

349. In the shear influence diagram, Fig. 156, as in the moment influence 
diagram, Fig. 154, let l be the span;a: the variable distance of the load.W, 
from the right support, b, and y the constant distance, a c, of a given point, 
e, from the left support, a. Then, for any position of W, the left end rcao- 
tion, R, or the shear, S, at any point between the load and the left support, is 

■■ W . -- ; and the right reaction, R', or the shear, S', at any point between 
the load and the right support, is *= W . —*. 

350. The influence line for shear, like that for moments, ^ 344, is usually 
constructed for a load ■* unity, so that S « R ** ^ ; and S' - R' n 

i_ x 

— I —. Each ordinate of the shear diagram must then be multiplied by W, 
in order to obtain the required shear. 

351. Since W ( — 1) and l are constant, R and S vary directly (and It' and 
8' inversely) with x. Thus, when W ( *= 1) is at b, we have x ■ 0; S » 11 
— 0, and S' “ R' = W ~ 1. When W ( ** 1) is at a, we have x — /, S « R 
“ 1, and S' « R' 0. Draw a' a" and b' b", each «- W ( — D, and join 
a" b ' and a' b". Then, with W ate, the (positive) shear, R, at earn point, a? 
/. between c and a, is given by the ordinate, d g, to the line a" 5'; while the 
ordinate, d h, to the line, a' b”, gives the '(negative) shear at each point, as e, 
beiween c and b. 

352. Similarly, with W at e, the ordinate, d t. gives the (positive) shear at 
•arh point, as r, between e and a; while d p gives the (negative) shear at 
■sach point between e and b. 
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353. It will be noticed that, as the load, W, passes from one side to the 
other of any point, as c, the shear at that point is reversed, the total change 
in shear being — h d + c' g «= h g =■ the load, W. 

354. With a load, W ( ■=* 1), at b, the shear at c is = 0. See U 351. As 
the load advances from b toward a, the positive shear, S “ R -=> y, at c, in¬ 
creases in proportion to the ordinates to the line b' g, becoming ■= d g — 
-when W is just to the right of c. With W just to the left of c, we have, 


negative shear at c - S' — R' - d k - . But as W proceeds from c to a, 

this negative shear, at c, decreases in proportion to the ordinates to the line 
ha', becoming 0 when W reaches a. Thus, a'hgb' is the shear influence 
diagram for the point, c. Similarly, a'ptb' is the shear influence diagram 
for the point, e, etc. 

355. If a series of nearly uniform and equidistant concentrated loads, 
such as the wheel loads of a locomotive and train, come upon the span, at the 
support, 6, and advance toward a, the shear at c evidently increases until the 
first load reaches c. It is then suddenly diminished, by an amount = the 
first load, as that load passes c. It then continues to diminish, as each 
wheel passes over c, but more slowly, until the first load reaches a. See H 

356. With a uniformly distributed load, of unity per unit length, moving 
as in H 355. the shears at c (see *j 346) are represented by the areas of those 
portions of the diagram, a'hgb', successively covered by the load, portions 
of the diagram below the zero line, a’ b being taken as negative. Thus, 
when the head of the load reaches e, the (positive) shear at c is given by the 
area of the triangle, b' e' t. With head of load at c, the shear at c reaches its 
maximum, and is given by the area of triangle, b'd a. With head of load at 
/, the shear at c is =■ area b’d g — area /' d hn. 

357. Similarly, the shears at e are given by the areas of portions of the dia¬ 
gram, a ' p t b'. 

358. Fig. 157* shows the influence diagram, 0 d 1 14 16, for the shears at 



Flff. 157. 


point 6, for a given uniformly distributed load, at least as long as the span, 
coming upon the span at point 0, passing across it, and leaving it at point 8* 
also the coiresponding diagram, 0 e 16, for the left support, 8; and that. 
0 fir 16. for the right support, 0. 

,p * or the action of internal resisting forces in beams and trusses, see 
Trus 3 e ,er8e Strength, under Strength of Materials, and Stresses, under 


First published in our 9th Edition, 1885. 
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STATICS. 


Relation between Moment and Shear. 

359. The shear, at any point in the span, is simply the rate at which 
the bending moment is changing at that point. 

360. Thus, in Fig. 158. the moment, M, Fig. (ft), at the support, 6, due to 

the concentrated load, W, of 6 lbs., is ■= W / ~ 6 X 4 24 ft.-lbs.; but, 

between the support and the load, the moment is decreasing at the uniform 
rate of 6 ft.-lbs. for each foot of x, or G ft.-lbs. per foot = 6 lb^ ; and this 6 lbs. 
is the uniform shear, V, Fig. (r), throughout the l>eam. Hence the shear 
diagram, Fig. (c), is a horizontal line; t. c , its ordinates are of equal length. 

361. Again, in Fig. 159, the shear diagram ordinates between a" and o", 
Fig. (c), are positive, showing the (algebraic) increase of the bending moment, 
M, Fig. (ft), as we proceed from the left support, a, toward the center, o, of 
the span; while the negative shear diagram ordinates, between o'and ft', 
show the (algebraic) decrease of the bending moment as we proceed from 
the center, o, to the right support, ft. At the center, o, the rate of change of 
bending moment is zero, as is also the vertical shear. 



362. Both in Figs. 158 and 159, the bending moment, M. i 1 - constantly 
hanging; but in tig. 158 its rate of change (=• 6 ft .-tbs. per ft. of span) is 

umstant. Hence, the moment diagram is a straight inclined line, and the 
shear diagram is a horizontal line; whereas in Fig. 159 the rate of change of 
bending moment is constantly varying, being ”-12 ft.-lbs. per foot of span 
(shear =■ 12 lbs.) at the support, and diminishing to zero at the center, o, of 
the span. Hence, in Fig. 159, the moment diagram, Fig. (ft), is no longer 
straight, but curved; and the shear diagram, Fig. (c), is no longer horizontal, 
but inclined. 

363. But, in Fig. 159 (c), theshear, V, or the rate of change of the bending 
moment (although no longer constant, as it was in Fig. 158 (c)), nevertheless 
diminishes uniformly, as we proceed from a toward ft. Thus, at the point, 1, 
Fig. 159, midway between a and o, the bending moment is changing at the 
rate of 6 ft.-lbe. per foot, or half as fast as at a. Hence, the shear diagram, 
although no longer a horizontal line, is still a straight line; and the uniform 
decrease (— 6 ft.-tbs. per foot per foot) in the rate of change of the bending 
moment, or the uniform decrease (— 6 tbs. per foot) in shear, is indicated by 
the horizontal diagram in Fig. 159 ( d ). 

364. In either Fig , let a straight line be drawn, tangential to the moment 
diagram (ft), at any boint, c\ and forming, with the horizontal zero line, a' ft , 
an angle, A. (In Fig. 158, this line coincides with the moment diagram.) 
Then the tangent of A is given by the shear diagram ordinate, c / ’. corre- 
tponding to the point, c; or, for any point, V — tan A. 
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«*65. In Fig. 158, where this angle, A, Fig. (5), is constant, the shear ordi« 
nates. Fig. (c), are of constant length. In other words, the shear diagram. 
Fig. 158, is a horizontal line. 


366. Since the shear diagram ordinates represent forces (as in lbs., etc.) 
and the abscissas represent distances (as in ft., etc.) the product of the dis¬ 
tance between any two shear ordinates, multiplied by the mean of those ordi¬ 
nates, is an area representing a moment (in ft.-lbs., etc.). This moment is — 
the difference between the two moments represented by the corresponding 
ordinates in the moment diagram. 


367. ThuR, in Fig. 158 (6), the increase in (negative) bending moment, 
between points 1 and 3, is = 18 — 6-12 ft.-lbs.; and, in Fig. 158 (c), the 
moment represented by the (shaded) area, between the same two points, is 
— 2 ft. X 6 lbs. — 12 ft.-lbs. In Fig. 159, the (algebraic) increase in bend¬ 
ing mrnnent, Fig. (6), between the left support, a, and the center, o, of the 
span, is— 8 + 4— 12 ft.-lbs.; and the moment, represented by the shear 
diagram area (triangle) between the same two points. Fig. (c), is 


1 V 1 12 * 2 

" 2 2 “ 2 


12 ft.-lbs. 


368. Again, in Fig. 159, at any two points equally distant from the center, 
u, of the span, the moments are equal; or difference of moments — zero; 
and, since shear ordinates below the zero line, a" b ", Fig. (c), are considered 
as nenative, the algebraic sum of the two corresponding shear triangles. Fig 
(c). m also =» zero. 

Similarly, areas in Fig. 159 (d) correspond to differences of ordinate- *' 
Fig. 159 <cY 


Diagram for Reactloim, Shears and Momenta. 

3Htt. In Fig. 58 (b i, p. 385, cw ami w X give respectively the reactions 
"f the right and left support*, iv and x, Fig. 58 la). 

The shear, pp. 446, Ac., is constant for all the sections between any 
iw> load- lor the shear in any such section, as d, find, in the equilibrium 
polygon. Fig. 5H (6) the lines, c w and b c, representing the forces, w and c, 
*'• the right, or those, u< X, X a and a b, representing the forces x, a and b, 
to the left, of the section. Then the line, b w, ~ c w — 6 c, or wb = vi X 
X a a b, represents the resultant of either set of forces, and thus 
teptesem- the shear in the section, d. 

To find the bending moment many section, asd, Fig. 58 (a); from 
d draw a vertical, cutting the lines s r and n p of the cord polygon, and 
1 *m v — tl»e length of the ordinate, intercepted on the vertical, between 
these line?'. 

1’ioduce s r and n p to intersect, as at e. Then e is the point of applica¬ 
tion of the resultant, U =* b w, Fig. 58 (b), of the two forces to the right of 
d. viz: of the load c, represented, -in Fig. 58 (6> bv b c, and the reaction 
nt ip, represented by c tv; for, if the loau, c, and the reaction at tv were 
removed, we should require, for equilibrium, a vertical reaction, bw - c tv 
b c; and the corresponding lines, b 0 and w 0, tn the force diagram, are 
ic-iactively parallel to n p and s r in the cord polygon. 

In other words, by eliminating the load, r, and the reaction at w, and 
-ubsiituuag their resultant, U ~ b w, we substitute also a new cord poly¬ 
gon, s vi n e s. Fig. 58 (a), with U (=» b w) applied at e. 

In section </, let L be the lever arm of this resultant, U, the horizontal 
distance from e to ;/. In Fig. 58 (6), draw 0 h horizontal, representing the 
houzontal comiKment of each of the stresses, X 0, a O, etc. Let H — the 
length of 0 h. Then the bending moment, in section d, is M — H y \ for 
1/ = U L; and, by similar triangles, h : y — H : U; or U L •» H y. 

Neale of momenta. Since M — H y, we can, by choosing the position 
of ()* at the proper distance from A” r, obtain any desired scale of moments 
by which to measure moments directly, upon y. Thus, suppose that a scale 
of 1 inch =* 2 feet has been used in Fig. 58 (a), and that it is desired to 
have a moment scale of 1 inch »» 50 ft-lbs. Then we need only so choose 
the position of 0 * that its distance, H, from X c, shall represent 50 ft-lbs 
2 ft - 25 lbs, bv the scale of Fig. 58 (ft). Then 1 inch, in length of y, 
will correspond to 2 ft X 25 lbs. 50 ft-lbs. 


* Bee i> 378. \ 95. 
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STRENGTH OF MATERIALS. 


GENERAL PRINCIPLES. 

Sirens. 

1. Stress oeenrs when forces act upon a body in such a way that ite 
particles tend to move simultaneously with different velocities or in differ¬ 
ent directions; to do which, the particles must change their relative posi¬ 
tions. This occurs, for instance, when a body is so placed as to oppose the 
relative motion of two other bodies, as when a block is placed between a 
weight and a hor table. Here the two bodies (the wt and the table) tend to 
come closer together, but they cannot do so without distortion of the in¬ 
tervening block; and such distortion is resisted by internal force*, act¬ 
ing betw the particles of the block and tending to keep those particles in 
their original relative positions. The action of these internal forces is called 
Ntre**.* 

2. Similarly, if a body Ik* suspended by a long chord, and if we push or 
pull the body to one side, the pat tides, on the .side acted upon, will first 
tend to move, and the transmission of this tendency to the remaining par¬ 
ticles causes stress within the body. 

3. For internal equilibrium, tlie internal Mro»»e«* must balance 

the external force**, lienee, it is not unusual to apply the term, 
"stress,' 1 indifferently to either. 

4. I^et the two forces, a and b, Figs A, B, acting upon the body, o, meet 
at an angle, a o b. Then the two equal and opposite component**, a" o 
and b" <>, cause compressive or tensile stress in the body, <>, as in T 1; while 
the other two components, a' u and b' o, unite to form the resultant, c o, 
which, unless balanced by other forces, moves the body, o, in its own direc¬ 
tion, causing, as in H 2, another comp stress, Fig A, or tensile stress, Fig B 



e c 


Fis. A. Fig. B. 

5. Upon any plane within a body, a force may act (1) normally, 
(2) tangentially, or (3j obliquely. If it act obliquely, it may be 
resolved into two components (see Statics, f 65, p 372), one acting normally 
and the other tangentially, upon the plane. 

6. Consider the two portions into which the body is divided by such a 
plane Then (1) forces, acting normally upon the plane, produce ten- 
Nlon (or compression) in the plane, tending to separate the two por¬ 
tions (or to push them closer together j; and (2) forces, acting tangentially 
upon the plane, produce ahear (or toralon ) in the plane, tending to 
slide the two portions one past the other in a straight line (or with a twisting 
motion). Toraion oecura in planes betw and parallel to two con¬ 
trary couple*. as in cross sections of a hand-brake axle when the brake 
is applied. 

7. Thus, if an iron bar lie pulled (or pushed) lengthwise, its cross sections 
sustain normal tension (or compression). If it lx* sheared across (or twisted), 
the cross sections, between and parallel to the two shearing (or twisting) 
forces, sustain shearing (or torsional; stress. 

H. At any point, in the circular path of a torsional stress, we may consider 
the tangents to the path as representing shearing forces. Tor*tion is 


* In every-day language, and often in the writings of engineers, this action 
®f the internal iorees. or the external force causing it, is called "strain”, 
but scientistawpply the word “ Ml rain ’* to the deformation occurring under 
•tress. See *‘>ltreieh, , * 11 etc. 





GENERAL PRINCIPLES. 


455 


therefore merely a Mhearing stress in which the direction changes at each 
point. 

». Tran«v*»r«e Htre**. In Fig 124, p 438, the two equal and parallel 
forces, W and It, in opposite directions, cause a tangential or shearing stress, 
= W — ft, m the vertical planes lying between their lines of action; but 
W and K , ;ts a couple, have a moment, which, for equilibrium, must be re¬ 
sisted bv the equal ami opposite moment of another couple, as (' and T; 
and the opposition of these two couples causes normal (comp and tensile) 
stresses in the same vert planes parallel to and betw W and It. 

10. The ultimate tendency of any opposing external forces is to fracture 
the body by increasing the distances between its particles. Even under 
/impressive stress, rupture can occur only by separation of particles. 

Ntrctoh. 

11. When the internal stresses and the external forces are in equilibrium, 
no distortion takes place, but, at the instant when opposing external 
forces are first applied to a body, the internal stresses are not yet developed, 
and (liHtortion begins, under the unopposed action of the external forces. 
See U11 35 etc. Rut the stresses are brought into action by the distortion, 
and they increase with it, and, if the external force is not increased beyond 
the elastic lmut (1j 26) the stresses finally equal the external forces, and 
prevent further distortion. 

Strrtrll. lOOOe — lOOO i/t 



12. Fi*r <’ reprewents the behavior of a typical material (mild 
steel) ninler teiiNion. From 0 to A, i.e., under stresses up to the eliwi- 
tle limit (H 26), say 34,000 lbs per sq inch, the stretch progresses propor¬ 
tionally with the stress, as indicated by the straight line, 0 A. (The earlier 
portions of the process are represented, in the lou'er diagram, to a scale of 
stretch KM) times as great as that of the upper diagram.) After passing 
the point A , the stretch increases faster than the stress; and, betw B and B', 
the stretch (in iron and steel) increases with little or no increase of stress, or 
even under a slightly diminishing stress.* B is called the yield point. 
See *1 31 . The scale of the lower diagram does not extend to B\ Beyond 
B' nipper diagram), the «trefoil increases much leas rapidly than betw B 

*Seo HI! 16, 17 
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and B', and remains, for a time, nearly proportional to (he stress* (though 
much greater, relatively to stretch, than in 0 A); but the stretch now pro¬ 
ceeds taster and faster, and in increasing ratio with the stress, until the 
stiess reaches its maximum or ultimate value (say 70,000 lbs per sq inch) 
at (\ At C, the stretch is increasing without mciease of stress (diagram 
lion/outal), and, beyond V, the stretch continues hum casing nit ho the mi ess 
is diminishing, until, finally, at D, rupture occurs. 

I.'S. If, after passing the elastic limit, the bar is relieved from stress, as 
at I ■, l ig (!, lower diagram, its recovery is incomplete, the length lemaming 
somewhat gieater than in its original unstressed condition. Ihe peimunent 
increase, 0 /•', is called the pormaiient Net. or simplv the Net. Ihe 
line l< !•' is, in general, approx parallel t.o the line, 0 A, «il elastic stieten. 
When the same stress is again applied, the stretch'is greatei than befoie, by 
a small amount represented by F I’". 

14. When the stress is within the clastic limit (1! 20), the 
recovery, upon release from stiess, is so nearly complete that the per¬ 
manent set cannot he indicated m our Figs. (*' 28.) 

15. Under tension, the sec area is diminished, and, under compression 
increased. In ductile materials, under tension, the reduction of sec aiea is 
very marked, especially along a relatively short portion of the length, usually 
near the middle of said length; and fracture occurs normally at the pom» 
of maximum reduction. 

16. In Fig C, both diagrams, and, in Fig 1), the solid curves, represent 
the nominal unit Ntre«M»N. or those usually stated. These are found 
by dividing the total stresses, respectively, by the original sectiou area, as 
in 1| 18. 

17. The dotted curves, Fig I), represent the actual unit Mtre»«teN. 
found by dividing the total stresses, respectively, by the actual section area, 
as diminished or increased by stress. I nder tension, the actual unit stresses 
are of course greater, and, under romp, less than the corresponding nominal 
unit stresses, 



ElaNtlc UlodiiInn. Fig. C. 

18. Let P the load (one of the two equal and opposite external forces) 
acting at one end of a bar and in line with the axis of the bar; ami let « -= 
the original* cross-section area, or Neetion area, of the bar, normal to 
its axis. Then, s, ~ P / a, is the normal Htress ver unit of area, or stress 
intensity, or normal nnit KtreNN. in the bar. We assume that, so long as 
the external force acts axially, P is uniformly distributed over a, alt ho this 
is seldom strictly the case in practice. 


* Sea HI 16, 17 
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I». Let L -- the original length of the bar, or of some designated portion 
of that length, and l = the Htrof<*h * which takes place, in the length, /, 
under the action of a given unit stress, s. Then, r, - l / L, is the stretch 
pa unit of length, or unit stretch.* corresponding to the unit stress, «. 

20. In many materials, the unit stress, k, and the unit stretch, e, at first 
increase proportionally, the ratio, s/e, or unit stress -r- unit stretch, remain¬ 
ing practically constant. This ratio is called the ela.wt.ic modulus, 
and is designated by E, or 

Klawtic modulus - E - s/e - unit stress — unit stretch. 

20a. The elastic modulus is thus proportional to the tangent 
of the angle, A' 0.1, Fig (’, the proportion depending upon the scales adopted. 

20 l>. The elastic modulus. E, increases with the unit stress reqd to pro¬ 
duce a given unit stretch. Hence E is a measure of the stiffness of a body, 
i.e., of its abilit\ to resist change of shape. ** SliHueww modulus" 
would have been a better name. 

20 c. If equal additions of stress could indefinitely continue producing 
equal additional stretches in a bar, be\ond as well as within the elastic 
limit 20'), then a stress, equal to the elastic modulus, would double the 
I north of a bar when applied to it in tt onion, or would shorten it to zero in 
(oinpresmon. 

20d. For example, within the elastic limit, a one-inch square bar ot 
rolled steel will «tletch or shorten, on an average, about of its length 

under each additional load of 1000 lbs. If if could stretch oi shorten in¬ 
definite!) at the rate of ,ts original length for each 1000 lbs. of 

added load, then 00.000 times 1000 lbs , or 00 , 000,000 lbs., (which is about 
the average modulus of elasticity for such bars' could either stretch the bar 
to double it- length or reduce it to zero. 

20i*. If equal infinitesimal stresses, applied to a bar, could indefinite!) 
produce stretches, each bearing a constant ratio to the increased length of the 
bar, if in tension; or to the diminished length, if in compression; then the 
same load which would double the original length of the bar, if applied in 
tnision, would reduce it to half its original length, if applied in compression. 


*We regard shortening, under compression, as negative stretch. 
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21. In a prismatic bar. under longitudinal tension ov 
compression, let 

W =* the total load ; 
a = the cross section area ; 

IF 

* — -- = the unit stress = the stress per unit of area; 
a 

L =* the original length ; 

/ =* the stretch * ; 

e — IjL = the unit stretch * = the stretch * pei unit of original length ; 
E =* the elastic modulus of the material; • 

r =* E a -- a. measure of the resistance of the bar 


Then 


Elastic modulus - 

a 

i . 

.a* 

Total load = 

W - E a 

i 

L’ rt . 

.(2) 

Unit stress ■= 

W 

• =- 

a 

= Ee . 

. (3) 

Total stretch* = 

a 

L 

E . 

. (4 1 



L 



/ 

f ir 

E . 


Unit stretch* — 

IF a 

oE E . 

. (61 


22. In a beam, supported at both ends and loaded at the center, let 
L = length of dear span of beam ; 

w — weight " “ “ “ “ ; 

A = deflection “ 11 “ “ ; 

b — breadth of cross section of beam ; 

d = depth “ “ " “ “ ; 

/ ~ moment of inertia “ “ “ “ " 

Then 

I IF + 5/8 w) I? 


E - 


48 


If the beam is rectangular, I - 

12 (IV + 5/8 m>) /,’• ^ 
48 A 6 d* 


E ■■ 


, J 
b d 3 
12 

(IF + 5/S t r) V 
4 h d< 


<p 469 1 , and 


For beamN. see also pp 480-481. 

23. Reciprocal of elastic modulus. Theelastic modulus. 

““it”?", indicates the stress required to produce a certain distortion 
unit stretch 

Its reciprocal. = , shows to what extent a bar etc of a 

unit stress 

given material must be distorted in order to produce a given stress. This mu\ 
be of great importance, especially in the design of structures of timber, the 
elastic modulus of which is low, relatively to that- of steel, and in which, 
therefore, a relatively great distortion must take place before a given fiber 
stress (such as the maximum safe fiber stress' can be brought into action 
Thus, in the case of a wharf, supported bv long timber piles, the piles mat 
submit to so great a lateral deflection as to give the load, resting upon them, 
a dangerously great horizontal leverage, ami thus a dangerous overturning 
moment. 


* Compression is regarded as negative si retch. 
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24. Variable elastic modulus. Fig 11, Concrete experiments 
81a p 1340, shows an example (in both tension and compression) of a 
material in which the elastic modulus, K, is constantly changing; the 
stretches, from the first, increasing faster than the stresses. 

25. Even in the case of ductile materials, the stretches, produced by 
stresses within the elastic limit (11 26), are so small and so irregular that a 
satisfactory average value of the elastic modulus can be arrived at only by 
comparing the results of manv experiments. I n the case of brittle materials, 
where scarcely any perceptible stretch takes place before rupture, the deter¬ 
mination of tne elastic modulus is very uncertain. 

Elantii* Limit. 

26. The stress, 0 A, Fig C, beyond which the stretches in any body 

increase perceptibly faster than the stresses, is called its limit, 

or limit of elasticity. Owing to the irregularity in the behavior of different 
specimens of the same material, and to the extreme smallness of the distor¬ 
tions caused in most materials by moderate loads, and because we often 
cannot decide just when the stretch begins to increase faster than the load, 
the elastic limit is seldom, if ever, determinable with exactness and certainty.* 
Hut. bv means of a large number of experiments upon u given material we 
may obtain useful average or minimum values for it, and should in all cases 
of practice keep the stresses well within such values, since, if the elastic 
limit l>e exceeded (through miscalculation, or through subsequent increase 
in the stress or decrease in the strength of the material) the structure 
lapidly fails. The table, p 460, gives approximate average elastic limits 
foi a few materials. The elastic limit, as here defined, is sometimes called 
the ** true” elastic limit. Compare H 31. 

27. Brittle materials, such as stones, cements, bricks, etc., can scarcely 
he said to have an elastic limit; or, if they have, it is almost impossible to 
determine it; since rupture, in such bodies, takes place before any stretch 
can be satisfactorily measured. 

28. A small permanent “net*’ (stretch) probably takes place in all 
'■asea of stress even under very moderate loads; but ordinarily it first be- 
'•nines noticeable at about the time when the clastic limit is exceeded. 

The elastic limit is Honictimc* defined as that stress at which 
i tie first marked permanent set appears. 

21). The elastic ratio of a material is the quotient, •. ^ ast ‘ c - . 

ultimate strength 

It is usually expressed as a decimal fraction. 

The permissible working load of a material should he determined by; its 
elastic limit rather than by its ultimate strength. Hence, other things 
being equal, a high elastic ratio is in general a desirable qualification; but, 
>n the other hand, it is possible, by modifying the process of manufacture, 
to obtain material of high elastic ratio, but deficient in “body" or in resil¬ 
ience- i. m capacity to resist the effect of blows or shocks, or of sudden 
application or fluctuation of stress. See *1 34; also ^ 35 etc. 

In the manufacture of steel, the elastic ratio is increased by increasing the 
reduction of area in hammering or rolling, and the rate of increase of elastic 
tatio with reduction of area increases rapidly as the reduction becomes very 
great. Ktrkaldy foundf 

for steel plates 1 inch thick, mean elastic ratio = 0.53 

..= 0.53 

.Hi. “ 0.54 

. H .- 0.61 


♦The U. 8. Board appointed to test Iron, Steel, <fcc., found a variation of 
nearly 4000 lbs. per square inch in the elastic limit of bars of one make of 
rolled iron, prepared with great care and having very uniform tensile strength; 
and, in another very carefully made iron, a difference of over 30 per cent, 
between two bars of the same si*e. Report, 1881, Vol. 1, p. 31. 

t Annual Report of the Secretary of the Navy, Washington, 1885, Vol. L 
P- 499; and Merchant Shipping Experiments on Steel, Parliamentary Paper. 
0. 2897, London, 188.. 
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HO. ElRAtir Modnll and Elaatlc I.lmlK Approximate averages, t 
JB = elastic modulus, in millions of pounds per square inch ; 
l =» stretch or compression, in ins, in a length of 10 feet, under 
a load of 1000 pounds per square inch. 

— (10 x 12 X 1,000) + (1.000,000 E ); 

• e = stress at elastic limit, in thousands of pounds per square inch. 



E 

1 

•r 

Metals. 




Iron, cast. 

. 10 to 30 

0 012 to 0 (Mil 

4 to 8 

“ *‘ ordinarily . 

.. 12 to 15 

0.010 to 0 008 

6 to 7 

“ wrought * . 

. ... 27 to 31 

0 001 

20 to 40 

Steel, structural*. 

. ! “ to “ 

“ 

34 to 38 

Brass, ca»t. 

. . ■ 8 to 10 

0.015 to 0.012 

5 to 7 

“ wire. 

. . 12 to 16 

0 010 to 0.007 

14 to 18 

Copper, rust. 

.. . . 10 to 14 

0.012 to 0.009 

6 to 7 

“ wire. 

... 10 toll 

0 012 to 0.009 

8 to 12 


.... 0.8 to 1.0 

0 1,50 to 0.120 

1 to 1.2 

Tin, cast. 

6 to 7 

0 020 to 0.017 

1.4 to 1.6 

Bronzes. 

. 13 to 15 

0.009 to 0.008 

14 to 15 

Stones, ete.f. 

. 4 to 8 

0.030 to 0.015 

1 to 2 

Masonry f . 

.0 5 to 2 

0 210 to 0 060 

Art. 4 (1>) 

Wood l. 

. . . j 1.5 to 2 

0.080 to 0.060 

5 to 7 


31. Yield point. Commercial, Relative or Apparent Elas¬ 
tic Limit. In testing specimen*' of non and steel, it is commonly found that, 
at a stress slightly exceeding the true elastic limit 26), the stretch begins 
to increase without further increase of load. This point is usually called “the 
yield point,” or '* the elastic limit ” in commercial testing. The French Com¬ 
mission on Methods of Testing the Materials of Const motion called it the 
“ apparent elastic limit." The lute Prof. .1. B. Johuson (“ The Materials of Con¬ 
struction,” New Yoik, John Wiley & Sons, 11106, p. 19) applied the term, “ rela¬ 
tive or apparent, elastic limit” to that point on the stress diagram at which the 
rate of deformation is 50 |>er cent, greater than at points lielow the true elastic 
limit. 

Reftilience. 

32. The resilience of a bar, under a stress, s, is the work done, upon 
the bar, id producing that stress, or, theoretically, the work which the bar 
will do, in regaining its original shape, when relieved from stress. Usually 
we are concerned with the el&Mftic resilience, or that corresponding to 
the stress, « c at the elastic limit. 

33. I<et 

s r =» the unit stress at the elastic limit; 
a * the section area of the bar , 

P e = a 8 e = the load corresponding to i { ; 

L — the original length of the bar ; 
l = its stretch, at the elastic limit; 

E = the elastic modulus. 


♦ In rolled iron and steel, the elastic modulus is remarkably constant for all 
grades. In wrought iron, the elastic limit jepeuds chiefly uj»on the degree of 
reduction of cross section in rolling; the smaller sites having the higher elastic 
limit. In steel, this effect is less marked, 
f See 26, 26. 

j In wood. " the extreme fiber stress at the true elastic limit 26) of a beam 
is practically identical with the compressive stress endwise of the material," 
table, p. 1138. See discussion by S. T. Seely, in “Timber Physics,” 1888 to 1898, 
by Filihert Roth, House Document No. 181,55th Congress, 3d Session, Wash¬ 
ington. 1899, p. 374. 
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The work has been done by the mean load. P e /‘2 = axj2, acting thru 
the (list, l = L * e /E. Hence, 

Resilienc e = iv ~ l\ 112 = a s e L * e /2 E ~ (* C V2 E) a L. 

34. Here tsf/2 E is the 

real lienee modulus = resdience of a bar of unit section area and 
unit lgth. 

. The resdience modulus of a material is a measure of its capacity for re¬ 
sisting shocks or blows. 

Suddenly npplicd loads. 

33. lad a bodv, of weight, 11’, be suspended bv a string, and let it juit 
loueli the scale-pan of a spring balance, without <lepressing it. Now let 
the string be cut with a pair of scissois. 

3d. At the moment of cutting, the spring has not been stretched; ite 
resisting stiess, »N, is therefore iceio, and the net or resultant downward force, 
acting upon the body, is F «- IV — <S « IV — 0 = Ji . 

37. Under the action of this force, the spring stretches, and N increases 
proportionally with the stretch. Hence (IV remaining constant) the re¬ 
sultant downward or accelerating force,/*’, acting upon the bodv, decreases 
until N = IV, when F — IV — N -= IV — IV — 0. 

3H. The laxly, having thus far been constantly accelerated, (by a dimin¬ 
ishing force, /•’). has constantly increased its velocity. Let h - the height 
thru which it has now fallen, and let x be the point reached, at the end of h. 

39. Beyond t (IV remaining constant, while ,S continues to increase), 
the moving body is acted upon by a constantly increasing, retarding up¬ 
ward force, —F — IV — .S', which brings it to rest at a second point, z, 
at the end of a second distance ■= h. Its total tall is therefore 2 h. 

40 . Let S max = the max value of .S', or that at the end, z, of the fall, 
2 h. Then, since S has increased proportionally with h. its mean value, 
during the fall, 2 h, was .S' max/2; anu the work done, during the entire 
fall, 2 h, was 2 IV h — (.S' max/2) 2 A =■ iS max X k. Hence, 

S max = 2 W. 

41. At the end, z, of the fall, 2 h, the body, having come to rest, is acted 
upon by an upward force, —F — W — F max = IV — 2IV = — IV; and 
(neglecting friction) the same performance is now repeated, but in the up¬ 
ward direction, and so on indefinitely. 

42. But lo*ifteft of energy, due to air resistance and to internal 
friction, render each oscillation less than its theoretical value ; and the body 
therefore finally comes to rest at the point, x, midway of the fall, 2 h. 

43. Thus (1) 40), within the elastic limit, a load, (suddenly applied 
ttho without shock) produceN temporarily a Mreteh nearly equal 
to twice that which it could produce if applied gradually ; 
i.e., twice that which it can maintain after it comes to rest; ami develops 
temporarily, in the stretched bodv, a resiNlhig NtreMN = twice the 
load. 

44. If the load be added in Nraall iiiMtalment*, each ap¬ 
plied suddenly, then each instalment produces a small temporary stretch, 
and afterward maintains a stretch half as great. Under the last small 
instalment of load, the spring stretches temporarily to a length greater 
than that which the total load can maintain, by an amount equal to half the 
small temporary stretch produced by the sudden application of the last 
small instalment. 
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A section may be weakened by increasing ltd 
width. On pp 400, etc., we considered the case where the width of the base 
is fixed and where the point of application of the resultant of the forces acting 
upon it is shitted to ditierent positions along the base We will now notice the 
case where the resultant is applied at a constant distance from one end of the 
base, but where the base is ot varying width, so that this constant distance may 
be equal to, or greater or less than, the hall width of the base. 

Let Fig. E represent a side view of a bar of uniform thickness - 1 * but (as 



ahown) of varying width, and subjected to pressures, the resultant P of which 
w - 1 ,* and passes through the center of that section a ft w hose width is 1 * + 


* We adopt the value 1 for the pressure P, the width a ft, and the thickness 
merely in order to facilitate the explanation. It Is not essential to the applica¬ 
tion of the principle. 

f We here suppose ourselves dealing with a perfectly rigid and homogeneous 
material. In practice, these values would be more or less modified by yielding 
of the particles under stress, by unevennesses in the surfaces of the supposed 
cross sections, etc. Netertbeless, the general principles here laid down hold 
good. 
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The pressure per unit of area of cross section (or “ unit stress") in the section 

}• p 

ab is then xi” 1 an< * ma y assumed to be uniformly dis¬ 

tributed over it. 

But at other sections of the bar the resultant is nearer to one edge than to the 
other, and the unit stress can then no longer be assumed to be uniformly dis¬ 
tributed over the cross section, but. as explained on pp 400 to 403 is a max¬ 
imum at the edge nearest to the resultant, and diminishes gradual!) and uni¬ 
formly to a minimum at the farther edge. 

This is indicated by the shaded triangles, etc., in Fig. E and by the curves in 
Fig. F, which show, for the several sections in Fig. E, the mean unit stress* 
and the unit stresses at the upper and lower edges respectively, calculated b\ the 
rules on pp 401-404. 

These stresses are also given in the following table: 

I’nit StreHNes in Fig. E; the unit stress ^ in section ab being taken as l.f 


Stress per unit of area of <yoss section. 


Section, j Width. 




Mean. 

At lower edge in e. 

At upper edge 


4 00 

0.25 

0.H125 

- 0.3125 J 

ef 

3 (HJ 

K i 

1 (HI 



2.50 

0 40 I 

1.12 

- 0 32 


2.00 

0.50 i 

1.25 

— 0 25 

cd 

1 50 

% \ 

i !•:, 

0 


1.25 

USD 

l'JS 

0 32 

a b 

1 00 

1.00 

1.00 

1 00 

Kh 

0 75 

IK 

II 

•>-< 

ik«I 

0.50 

2.00 

- 4 t ! 

h.oil 

Mil? 

0 25 

4.00 1 


40.00 


It In important to notice that for a given force P, and for widths less 
than 3 ab, tne strongest section of this bar is not the widest one, but that (ab) at 
which the resultant P passes through the center of the section. In other words, 
a bar may be weakened by addiliwnN to itn cross section if 
those additions are such as to cause the resultant of the pressures to pass else¬ 
where than through the center of an) cross section. This tact is entirely inde- 
pendent of the weight of the added {tortion. 

Among the sections wider than ab, the weakest is that (<•</) whose width 
is - 1.5ab. At that section the lower edge me has its maximum unit stress 

^ = 1J 3 X while at <i in the upper edge there is no pressure. Beyond cd 
the upper edge nf is in tensionX and the unit pressure along me decreases, be¬ 
coming again ^ at e/ t where the width ef is — 3«b, and decreasing still 
further with further increase in width. 


* In the case discussed on pp 400 to 403, the mean pressure un — - , 

remained constant so long as the entire surface « r was called into play. Here, 
on thecontiaiv, the area of the section varies. Hence the mean unit pressure 
varies also, and inversely as the area 
t*ee foot-note *, p. 462. 

I In the present discussion, as well as in that on pp. 400 to 403, we have 
assumed cases of comjircssnm for illustration, but the principle involved applies 
equally to cases where the force applied is tensile. In such cases, however, the 
terniR “ pressure ” and “ tension ” are of course reversed 
<| The unit stresses at the edgeB in section »* are too great to he shown con¬ 
veniently in either figure; while those in section win (as the table Bhows) far 

exceed the limits of the figures. The pressure at k would be ~~ » cc (infinity) 
were it not for the tensions in the lower part of the section. 
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When the width becomes less than that at ab, as at gh, etc, the upper edge of 
the bar conies nearer to the resultant than the lower edge, and hence receives 
the maximum pressure. 

When the width = %ob, as at gh, the distance of the resultant from the 
vpper edge is 1 a the width of the 'section. The pressure at the lower edge is 
PI /’ 

then — 0 ; the mean pressure in g h is —- X _ r — X , , and the pressure at 
OLu 0 7t) 0 u 

p 

the upper edge is twice the mean pressure in g h, or 2% X a y 

When the width becomes less than % a b, as at i k and mn, the pressure at the 
lower edge me becomes negathe or tensile* Thus, when, as at i k, the width 
is — \ 2 a, ‘> and the resultant passes througli the upper edge, the unit picssure 
p i» 

at that edge is - 8 a , , while the lower edge sustains a teuton of 4 X ; and, 

•i D a o 

as the section is further reduced, these stiessesare still further and very mpidly 
increased 

The condition of those sections (such as m n) where the line of the resultant 
passes outside the section, is similar to that of the section in n of a bent hook 
sustaining a load, as in Fig < • 



Fig:. G. 



Fig. H. 


Messrs William Sellers A f <>., of Philadelphia, had occasion to test a number 
of cast-iron beams, each having a large circular opening, as in the annexed 
figure These beams broke, not at the smallest section directly under the center 
of the opening, but a little to one side, where the section was deeper, as indicated 
in Fig. H . 
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Fatigue of Material*. In the following articles on .Strength of Mate¬ 
rials, the ultimate or breaking load is that which will, during its first application, 
rupture the given piece within a short nine. Hut Wohlers and Snan gen berg’s 
experiments show that a puce may lie ruptured by repeated applica¬ 
tion* of a loud much less than this; and that theoftener the load is applied the 
less it needs to he m order to produce rupture. Thus, wrought iron which re. 
qmred a tension of 5.5000 lb> per sq iuch to break it in 800 applications, broke 
with 350011 lbs per aq inch applied about 10 million tunes; the stress, after each 
application, leturning lozeto in both cases. 

The dlffin't ween the maximum and minimum tension in a piece subjected to 
tension only, or between the max and nun compression in a piece subjected to 
comp only; m the sum of the max tension and max comp in a piece subjected 
alternately to tension aud comp; is called the range of *tre** in the piece, 
.stresses alternating between o and any point within the elastic limit may he 
repeated many million times without producing rupture.* 

For a given number of applications, the load required for rupture is least when 
the range of stress is greatest. If the stress is alternately comp and tension, 
rup'uie lakes place more readily than if it is always cotup or always tension. 
Thai is, it tak-s pi ice with a less range of stress applied a given number ol 
times, or with a less number of applications of a given range ol stress. For a 
given range of stress and given number of applications, the most unfavorable 
condition is where the tension and comp are equal. 

The fatigue of materials is taken into consideration in designing members ol 
important structures subject to moving loads Nie Truss specifications, pp 76(1, 
7t»l. 

Experiments show that materials may fail under a long; continued 
Mtr«** of much less intensity than that produced by the ult or bkg load. 


* This does not always hold in cases where the elastic limit has been artificially raised 
l>y piocess of manufacture, Me Oft-iepeuted ultoriiattoiiH between tension ind compies- 
-ion below Mich a limit reduce it to the natural one A slight flaw may cause rupture 
'inili-i conipar.it11elv lew applications ol a i.mge of Miess hut little gieater, or even less, 
than the elastic limit Best between stu-ses men ases the insisting powtr of apiece 
!'■ niauv cases, -tres-es a lull* beyond the *d,Mie limit, even if ott-iepeated, raise that 
•unit and the stiengtb but lendm the piece buttle and thu-rnnre liable t*> rupture from 
-hocks; ami a litth Ini lher inn ease of -tless nipnlly lessen**, <>r may entirely destroy, 
the elasticity A ttnnle -Hess above the elastic limit gieally lowers, oi may e\en destroy, 
the comftrfwre elasticity, and yieeyeisa. ll a tensile-tress, by sti etching a piece, reduces 
it- insisting aiea, it may thus induce it* total stiencth, eyen though the strength per 
i<{ in has imieased Mr H Baker find- that h.ud -ieel fatigues much ta-ter under re¬ 
peated loads than -oil steel ai iron 
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TRANSVERSE STRENGTH. 

1. In Statics, f H 285, etc., we discuss the action of external or destruc¬ 
tive forces upon cantilevers, beams and trusses. We here discuss the reac¬ 
tion of the internal or resisting forces (stresses) in solid cantilevers and 
beams, in order to determine their loads. See also Till 104, etc. 

2. Unless otherwise stated or apparent, we assume that the stresses in all 
parts of the cantilever or beam are within the elastic limit. 

Conditions of Equilibrium. 

3. For equilibrium, the internal forces, and their moments, must balance 
the external forces and their momenta. In other words, if the cantilever or 
beam be supposed cut by a section at any point, we must have 

(1) 2 vertical forces 0 

( 2 ) 2 horizontal forces 0 

(3) 2 moments 0 


Or: 

(1) Algebraic sum of the internal vertical stresses algebraic sum of the 
external vertical forces on either side of the section; 

(2) Sum of horizontal tensile stresses ■=* oum of horizontal compressive 
stresses; and 

(3) Algebraic sum of the moments of the internal stresses =*> algebraic 
sum of moments of external forces on either side of the section. 

4. Cantilevers and beams of uniform cross-section have usually a super¬ 
abundance of strength against shearing, and fail (if at all) 

where the bending moment is greatest. Hence the discussion of 
their resistance turns principally upon equilibrium of moments. For theit 
resistance to vertical shear, see Statics, 325, etc., and p. 499. See also 
Horizontal Shear, Iff 51 to 53, below. 



5. For equilibrium, therefore, the resisting moment, R (= the sum of the 
resisting moments, r, of all the particles in any cross-section of the canti¬ 
lever or beam. Fig. 1 or 2), must be equal to the bending moment, M, or alge¬ 
braic sum of the moments of all the external forces on either side of the 
section. 


r~i 

"Li 0 


Plrt. 2. 


Reactions of Fibers. 

6. In a truss or framed beam (see Trusses) the resistance of each of its 
two chords is regarded as acting in a line passing through the centers of grav¬ 
ity of the cross-sections of the chord; but, in a solid cantilever, Fig. 1, or 
beam, Fig. 2. the total resisting moment is the sum of the separate resisting 
moments of the several fibers throughout the cross-section. 

Neutral Surface. Neutral Axis. 

7. When a cantilever (or beam) bends, the fibers in the upper (or lower) 
part of each cross-section are extended, whde those in the lower (o* upper) 
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S ort are compressed (see Figs. 1 and 2); the extension and compression 
eing greatest at the top and bottom of the section, and thence decreasing 
arnformly inward toward a surfaoe, n n, Figs, (a), near the center of the 
cross-section. In this surface, which is called the neutral surface, the 
hbere are neither extended nor compressed. The line, o o, Figs. (6), formed 
by the intersection of the neutral surface with any cross-section of the canti¬ 
lever or beam, is called the neutral axis of that section. 

8. In order that the algebraic sum of all the horizontal stresses in the 
•ross-section may bo zero, as required for equilibrium, the neutral axis must 
pass through the center of gravity of the section. Hence, the neutral sur¬ 
face passes through the centers of gravity of all the cross-sections. 

9 :/ fhe , neutral axisra ay be found by balancing the section (cut out of 
cardboard) over a knife-edge. Or see Center of Gravity, under Statics, 1 ^ 
lLo, etc. < Every section has an indefinite number of neutral axes, all passing 
through its center of gravity in as many different directions. The axis re¬ 
quired, in any given case, is that one which is normal to the plane of the 
bending moment under consideration. 

In the following discussion, we assume that the neutral axis of the sec¬ 
tion is normal to the line of action (usually vertical) of the load, as it gen- 
Ssjf , *°r other cases, as, for instance, the case of roof purlins, see 
he Determination of Unit Stresses in the General Case of Flexure, by 
Prof. L. J. Johnson, Boston Soc. of Civil Engineers, in Jour. Ass’n of 
Eng'ng Socs., vol. xxviii. No. 5, May, 1902. 

Resisting Moment. Unit Stress. 

10. It is assumed that the extension or compression of each fiber, and 
therefore the resisting force actually exerted by it, is proportional to iU 
vertical distance, t, above or lielow the neutral axis. 



Fig. 3. 


Iu Fig. 3. let 

T « the distance from the neutral axis, o o, to the fiber farthest from 
that axis, either above or below the axi-S 
S •-» the unit stress in said farthest fiber; 
t •=» the distance from the neutral axis to any given fiber; 
s — the unit stress in said given liber; 
a ~ the area of said given fiber; 

F ** the total stress in said given fiber; 

r — the resisting moment of said given fiber about the neutral axis* 
M =■> bending moment at the cross-section under consideration; 

K « the resisting monu nt of the entire cross-section; 

=* 2 r ■» the sum of the resisting moments of all the fibers; 

1 ■=» the moment of inertia of the cross-section. See 14, etc.; 

“ 2 1- a — the sum, for all t he fibers, of t 2 a; 

X « t he section modulus, •=> See 25, et'e. 

Then the unit stress, in any given fiber, is — s *=* S p-; its total stress, 

F. is — n « — Sa ip; and its resisting moment, r, is — F< — Sa Henoa, 
the resisting moment, R, of the entire section, is 

B~ M - ir- J8aj- ® 2 (« o - |. I. 
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Henotabo.S - Ml/l; I-MT/S-TX; T-SI/M. 

SinceS/s - T/1, we have S/T — n/t,and 

R ~ M - SI/T - tl/t - SX. 

In beams of rectaneular section tp 469). of breadth. B, and depth, D. 
we have I — BD 3 /12, and T => D/2. Hence, 

S - 12 MT/B f>» - 6 M /BP 2 : and 
R =» M = SR I> ! / 12 T - SBD 2 /6 

When beams are tested to distraction, the value attained by S is called 
the Rupture modulus, or modulus of tupiuie. 

11. It will be noticed that the strengths of similar beams of any shape, 
and those of rectangular beams, whether similar or not, are directly propor¬ 
tional to the product, width X square of depth. See 1 615. 

12. When the stress, S, upon the extreme fillers, is = the elastic limit of 
the material, failure is imminent. The permissible unit stress is usually 
taken as not more than half the elastic limit, and the safe load is that under 
which S does not exceed the permissible unit stress. 

13. The same quantity of material that composes a solid beam. Fig. 2, 
would present greater resistance to bending or breaking if it were cut in two 
lengthwise along the neutral surface, n n, and converted into top and bot¬ 
tom chords of a truss; because, first, the leverage with which the instance 
acts is thus greatly increased; and, second, the depths of the chords are so 
small, compared with their distances from the neutral axis, that their fillers 
may be assumed to act unitedly and equally. Hence, practically, all the 
fibers in the upper chord must be crushed, or all those in the lower pulled 
apart, at the same instant, before the truss can give way; whereas, in the solid 
beam, the extreme upper or lower fillers yield fip-t; then those next to them, 
and so on, one after the other. 

Moment of Inertia. 

14. Unlike the moment of a force, which is the product of a force and a 
distance, the moment of inertia, being the sum of the products of areas of 
fibers by the squares of their distances from the neutral axis, is a purely 
geometrical quantity. Thus, the moment of inertia of a given .section de¬ 
pends solely upon the dimensions and shape of that section, and is inde¬ 
pendent of the material and the span of the beam and of the manner in 
which it is supjiorted or loaded. 

Unit of Moment of Inertia. The moment of inertia of a figure 
being the product of an area by the square of a distance, its unit is the 
fourtn power of a unit of length. Thus, in a rectangle 3 ins. wide and 4 

ms. deep, I - ^ -=* — ^— =■ -^y - 16 biquadratic inches -- 16 inch 4 . 

1 V 0 8 

In a rectangle 1 inch wide and 6 ins. deep, I * - j., •» IS inch 4 . 

15. Comparing similar sections of any shape, their moments of inertia 
are proportional to the product, breadth a cube of depth. Compare 4 11. 

16. The following Illustrated table, pp. 469-471. gives, for several 
figures of frequent occurrence, 

(1) I — the moment of inertia * 2 1“ a; 

(2) T* -» the distance from the neutral axis to the farthest fiber; 

v I it 3 a R M 

(3) X — the section modulus - ^ 

(4) A =- the area of the cross-section. 

17. In sections where the distance from the neutral axis to the lower¬ 
most fiber, and the corresponding section modulus, differ from those (T 
and X) pertaining to the uppermost fiber, those corresponding to the 
lowermost fiber are distinguished as T' and X' respectively. 

18. In each figure the neutral axis is indicated by a horizontal line 
crossing the section. 
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^Moment* of Inertia, ete. 
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19. The moment of inertia of any figure, about its neutral axis, is the sua 
of the moments of inertia of its several parts, about that same axis. 


20. Let I 


m 

a 

t 


the moment of inertia of the entire figure about its neutral 
axis, o o; 

the moment of inertia of any part, about the neutral axis, 
o o, of the entire figure; 

the moment of inertia of that part, about its own neutral 
axis; 

the area of that part; 

the distance of its center of gravity from the neutral axis, 
o o, of the entire figure. • 


Then 1 = 2 1 ; and i — m + a t-. 


21 . Thus, in Fig. 4, 


and l - t'i + 1 2 . 


ti 


B D 3 

if 


B D <i*; 




bd 3 

12 


+ 6 d t %-; 











<- B 


■V 
.k 


FlS- *■ 



-o 


Fig. 5. 


22. Hence, in any hollow section, as in the hollow rectangle, Fig. 5, let 
V — the moment of inertia of the whole figure (including both the shaded 
and the unshaded rectangles), i «■ that of the missing or unshaded rectangle, 
and I -» that of the shaded portion; all referred to the neutral axis, o o, or 
the shaded -portion. Then I =■ T—i. 



23. In the case of an irregular section, as Fig. 0, let the section be divided 
mto numerous strips, parallel to the neutral axis and narrow enough to be 
considered as rectangular; and proceed as in 19 to 21. 
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24. The narrower the strips are taken, the less m becomes. If the strips 
/be taken so narrow (relatively to the depth of the section) that m may be 
neglected, then I = 2 t* a, as in 10. The strips need not be of uniform 
width. 


The Section Modulus. 

2 !i. Definition. If the resisting moment, It — i 1* a , l»c divided 

R -Pa 

by the unit stress, S, m the extieine fibers, the quotient, X =* ^ — —;j,— 

*= is called the Section Modulus. This, like the moment of inertia, *J1f 

14, etc., is » purely anmuiriral quantity, depending solely upon the dimen- 
Bion*» and shape of the section, anti being independent of the material, of the 
span, ainl of the manner of loading 

2<». Having the section modulus, X, »e have only to multiply it by the 
unit stress, S, in the extreme hbeis, in ordei to obtain the resisting moment, 
H, or R --- S X. 

27. Multiplying the section modulus, X, bv the distance, T, from the 
neutral axis to the farthest libeis, no obtain the moment of inertia, 1; or, 
1 -- T X. 

2H. The section modulus is usually given in tables of rolled beams, chan¬ 
nels and shapes. See tables of Carnegie Reams, ete. 


Loading. Strength. 

29. The following illustrated table gives (V) the max moment, M, 
corresponding to a given load, \V' and (2) the load. \\ ,* corresponding to a 
given unit stress, S, for different conditions of suppoit and of loading. In 
this table, 

M maximum 1 rending moment: 

R -- VI resisting moment of cross section; 

W - the total extraneous load* «»n the beam, whether concentrated 
at one point (us shown) or uniformly distributed over the span ; 
/ -- the span ; 

S the unit stress, in the fibers farthest from the neutral axis, due to 
the extraneous load, W , * 

T the distance from the neutral axis to the farthest fibers ; 

1 =’ the moment of inertia. 


In rectangular beams, 

6 — breadth; 
d — depth; 

I =» moment of inertia 

W / 

n S b d*” 


b d\ 
12 ’ 


Of the two diagrams under each loading, the first represents the mo¬ 
ments, and the second the shears, in the several oarts of the span. 

30. If S the permissible unit fiber stress,then, in the foregoing formulas, 
W -- the permissible extraneous load.* 


31. It will be noticed that the strengths of similar beams are proportional 
to their values of b ; i. c„ the strengths of beams of similar cross-sections 

are directly proportional to theif breadths and to the squares of their depths, 
and inversely proportional to their spans. 


is here supposed to bo without weight See M 42 etc. 


* The beam 
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Symbols in Table Opposite. 

M «= maximum bending moment; 

R = M = resisting moment of cross section; 

S = unit stress, due to W, in the extreme fibers; 

T ==■ distance from the neutral axis to the extreme fibers 
I — moment of inertia; 

W “ loafl; l =» span. 

In rectangular) b = breadth; ^ W l . 

beams, ) d = depth; S b d? ’ 


,s‘/. 


Beam 1 Inch Square, 1 Foot Span. 

32. In a beam, 1 inch square and 1 foot (12 inches) span, supported at 
both ends, we have, for the extraneous center load: * 

c 2 bd 2 n S b d- G 2 S . c 1D 

s -3T “ T - S -53. 12 - 18* and 8 - 18 w ' 


w 


33. For any other rectangular beam, let L = the span in feet. Then the 
extraneous center load,* W, required to produce the same unit stress, S, in 
the extreme fibers, is 

W - W**. 

34. Thus, for yellow pine, let S “ the permissible unit stress — 


1620 tbs. per sq. in. Then, for a beam 1 inch square, 

1 foot span, supported at both ends and loaded at center, the permissible 
load,* W', is 

nS S 1620 
W " 12 ” 18 " 18 ” 

and, for a joist, 3 X 12 ins., 20 ft. span; the permissible extraneous * center 
load is 


W - W' 


b (P 
~L ‘ 


8° X —jQ— - 1944lbs.! 


and the jiermissiblc extraneous uniform load is = 2 W ~ 2 X 1944 •» 3888 
lb*. 

3o. If the load, W the span, L, an<l the coefficient, W', are given, we 

have b d- - Thus, in the case of the yellow pine joi9t, mentioned 

\V 

in * 34. of 20 ft span, with a uniform extianeous* load, where 2W=» 
W L 1944 X 20 

2 X 1944 • 3888 lbs., we have bd 2 ^ “ -- 432. 

3ft. Then, if either b or d is given, the other is easily found. If not, 
assign to eiiher of them, an arbitrary value. Thus, d b — 6, we have cP =» 

—— -*» 72; and d — )' 72 — gay 81- With b — 3, d 2 - • 144, and d = 12. 

o 

37. With the slide rule, in the foregoing example, place the runner at 432, 
and, assuming b = 6, place 1 (or 10) on tiie slide, opposite 6 on the rule 
Then, in th< scale of square roots, on the slide, opposite 432 on the rule, will 
be found 848 and 268. The former of these represents the desired root, and 
we take 8.5 as a sufficient approximation. 

38. If the relation. S — 18 W, held beyond the clastic limit, and if W r ' - 
the center breaking load, in lbs., on a beam of m y material, 1 inch square, 
1 ft. span, suppoi ted at each end; then, foi any other beam of the same mate¬ 
rial, and of breadth b »ns., depth d >ns., and span L ft., the center breaking 

load would lieW *=> W' 

39. Notwithstanding the defective bosir of this method, as applied to 
loads beyond the elastic limit, its simplicity renders itverycon vement.and 
it is much in use. See the following table of values of W 7 ', and example, Ti 40. 


* The beam is here supposed to lie without weight. For the w eight of the 
beam itself, see 42, etc. 
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Center Breaking Loads, W', In Pounds, for Beams 1 Inch 
Square, 1 Foot Span, Supported at Each End. 


WOODS. 

Ash, English . ... 

“ Amer White (Author). ■ 

" Swamp. t 

*• Black. | 

Arbor Vita, Amer. 0 

Balsam, Canada. S' 

Beech, . 2 

“ Amer .s'" 

.c V 

.< ® 

•»9 


.x* 

c 

' )‘l a 




Birch, Amer Black. 

“ Amer Yellow 
Cedar, Bermuda ... 

14 Gliadaloupc... 

“ Amer White, 
or Arbor Vitas 

Chestnut . j r. 

Elm, Amer White .c.r 

“ Hock, Canada.<r ^ 

H'mlock. f-r 

Hickory, Amer.. t £• 

“ “ Bitter nut.. - « 

Iron Wood, Canada .- e 

Locust . .!* 3 

Lignum Vita . ' X 

Larch. . . z 

Mahogany . ... g. 

Mangrove, White. _ 

“ Black. 1 

Maple, Black. s* 

“ Soft. £ 

Oak, English. 

“ Aruer White (by Author). 
“ “ Red, Black, Basket 

“ Live . 

Pine, Amer White ..(by Author) 
“ “ Yd low “ “ 

“ “ Pitch “ “ . 

“ Oedrgia . 

Poplar. . 

Poan . 

Spruce . (by Author). 

“ Black. 

Sycamore . 

Tamarack .... 

Teak . 

Walnut. 

Willow . 


METALS. 

Brass .. 

Iron, cast, 1500 to 2700 ...average| 
“ “ common pig . 

« “ castings from pig . .. 

* “ employed in our ta¬ 
bles . 

“ “ for castings 'L\/ % or 3' 

ins thick. 

iron, wrought, 1900 to 2600.av 

Wrought iron doe* not break; 


\T 

650 

650 

400 

000 

250 

350 


550 

850 

400 

600 

2">0 

450 

600 

800 

600 

800 

800 

600 

700 

650 

400 

750 

650 

550 

750 

750 

560 

600 

850 

600 

450 

600 

660 

850 

660 

700 

450 

650 

600 

400 

750 

550 


but at about the average of 2250j 
lbs its elas limit is reached. 

Steel, hammered or rolled; elas 
destroyed by 3000 to 7000.. 
Under heavy loads hard steel 
snaps like cast iron, and soft 
steel bends like wrought iron. 

8T0NLK, ETC. 

Blue stone flagging . Hudson River] 
j Brick, common. 10 to 30 average! 
“ good Amer pressed. 30 to 

50 .average 

G«n Stone . 


Concrete, see article ou Con-j 
ciete. 


860 

2100 

2000 

2300 

2026 

1800? 

2250 


Granite, 60 to 160.average 

“ Quincy . 

Glass, Millville, N Jersey, thick; 

flooring ..(by Author).’ 
Mortar, of lime alone, 60 days old' 
“ 1 measure of slacked Iiuiej 

in powder, 1 sand 
** I ineasute <d sla< ked lime] 
in powder, 2 sand 
Marble, Italian, White (Author) 
“ Manchester, Vt, “ “ 

“ East Dorset, Vt, “ *' 

" Lee, Mass, “ “ 

“ Montg’y Co, Pa, Gray “ 

•* “ “ Clouded “ 

“ Rutland,Vt, Gray “ 

“ Glenn'spalls,N.Y.Black “ 

“ Baltimore, Aid, white, 

course.•• 

Oolites, 20 to 50. 

Sands timer, 20 to 70.average] 

“ Red of Connecticut and] 

New Jersey.. 

Slate, laid on its lied. 200 to 450. av 


vr 

6000 


40 

25 


100 

100 


170 

10 


7 

lie 

95 

111 

86 

103 

142 


102 

36 

45 

45 

326 
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40. Example. In the yellow pine joist of HIf 34 and 30, 3X12 ins, 
20 ft. span, we have, from the table, W' «= say 500 lbs. Hence 

Center breaking load * W - W' _ io,800 lbs., M 

L 20 

about 5.5 times the permissible load, found, by means of the permissible unit 
stress, in H 34. 


41 . Sinoe W 


nS - 


fed* 


Breadth 


Dimensions. 

- W’ and W' - ” ® , we hare * 

Li 12 

, W l W L . 

“ nSd 2 ~ W • &' 


where W 
W' 

n 

8 

l 

L 


Depth 


. I W l 
\ e Si 


jWb, 

\W'4’ 


extraneous load * required; 

extraneous load on beam 1 inch square, 1 ft. span| 

W ( 

coefficient from last column of table =» g^p* 

unit fiber stress; 
spun in inches; 
span in feet. 


Weight of Beam Considered as Load. 

42. For simplicity we have hitherto regarded our cantilevers and beams 
as having no weight of their own; and, in beams of the moderate dimensions 
usually employed in buildings, their own weight, w, is so small, in comparison 
with their loads. W, that it may often be safely neglected; but in larger 
beams it raiht generally be taken into account. The loads, found as above, 
with S ■* greatest permissible unit stress, must then be regarded as including 
not only the extraneous load, W, but also the weight, w, of the beam itself, 
for a length — span. 

43. If the beam is prismatic,—t. of uniform cross-section,—its weight, 
ic, acts as a uniformly distributed load, and we have, for the extraneous load. 
W, in the case of a concentrated center load on a beam, or of a concentrated 
load at the end of the span, U in cantilevers, 

W * whole load — 
in the case of a uniform load, 

W - whole load - to. 

44. In finding the breadth or the depth of a rectangular beam, 
required to carry a given load with a given span and given unit stress, wo 
may provide for the weight by successive approximations. Thus, 

45. To find the breadth, b. required for a beam of given depth, d. 
Neglecting the weight. u\ of the beam, find the first approximate breadth, b, 
by the formulas in H 41, for the extraneous load, W. Next, calculate the 
weight, w, of n beam with width, b, treat said weight as a uniform load; and, 
by the same formulas, find the additional breadth, 6', required to carry this 
additional load. to. Then b 4- 6' = a second approximate breadth. If nec¬ 
essary, find the weight, to*. of a beam of breadth, b ', and, from this, a second 
additional breadth. 6", required to carry it. Then b + V + 6" *=* a third 
approximate breadth, and ho on. 

46. To find the depth, d, required for a beam of given breadth, b, 
find a first approximate depth, d, by the formula, ^ 41, for the extraneous 
load, \V. Find the weight, to, of a beam of that depth; and again apply the 

formula, using (in place of W) W -f to if W is a uniform load, or W -f ^ if W 

is a concentrated load. The depth, d\ so found, is a second approximation. 
We mav again apply the formula, as before, using the weight, of beam of 
depth d'; or, more simply, increase the breadth, as in H 45. 


•The beam is here supposed to be without weight. Soe 42, etc. 
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47. In practice, beams of rectangular section are almost always of timber 
and such beams are economically obtainable only in certain oommcrcia 
sices. Hence, the second approximation will usually be all that is required, 


Strengths and Weights of Similar Beams of Different Dimen¬ 
sions. Comparison between Models and Actual Structures. 


48 . la any given beam, let Wj <* the load causing any given unit stress, 
8. Then, Wj = " j— (for n, see table, p. 474) ; and, in any similar beam, 
of a times the breadth, depth and span, the corresponding load, W - 
-— ~ a y —. Hence, the ratio of their loads is — a-; or W = a* Wj', 

, . . .id ab ad al 

but the ratio of their weights is =* - r -, . a 3 ; or w — a* Wj. 

u’i Oat 


49. In other words, comparing one beam with another, of a times ita 
breadth, depth and span, their strengths are as the squares of their respective 
dimensions; but their weights are as the cubes of those dimensions. 


50. Hence, if a model of a beam will just break under a uniform load 
(including its own weight, id) =* 2, 3 or 4, etc., times its own weight, then a 
beam of similar cross-section, but of 2, 3 or 4. etc., times its breadth, depth 
and span, will just break under its own weight alone. 


Horizontal Shear. See also \\ 119-122. 

51. When (Figs. 7 and 8) deflection occurs in a cantilever or beam com¬ 
posed of separate horizontal layers, like a pile of loose boards, the several 
layers slide upon each other; but, if they are firmly joined together, or other¬ 
wise prevented from sliding, they exert, upon each other, a horizontal shear¬ 
ing force. In any section, this force diminishes from a maxi¬ 

mum, at the neutral surface, n a, to zero, at the top and bottom of the section. 



FI*. V. rtf. 8. 


52. In any section of a rectangular beam, the maximum horizontal 
■bear, per unit of neutral surface, is 


where V - the vertical shear in the section, and b and d — the breadth and 
the depth of the section, respectively. 

In words, the unit horizontal shear, at any point, is directly pro¬ 
portional to the vertical shear at that point. Hence, the horizontal 
•hear diagram is similar, in character, to the vertical shear diagram; 
but is opposite in sense,.positive vertical shear corresponding to nega¬ 
tive horizontal shear. 

53. If the horizontal shear is resisted by a fastening applied at only 
one point, said fastening must be made sufficiently strong to resist the 
turn of all the horizontal shears between such point and that where the 
•hear is • 0. 

54. In Fig. 9, diagrams (6) and (c) show respectively the moments 
and the vertical shears due to concentrated and distributed loads on a 
beam as shown; and, in Fig. (d), each ordinate represents the force 
which must be applied, at the corresponding point, in order to resist 
the sum of all the horizontal shears between that point and the point 
of zero shear. Ordinates above a zero line indicate positive moments or 
•hears, and vice versa. In 'positive moments, the segment to the left of • 
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Beet ion tends to turn clockwise. In positive shears, t he left-hand segment 
tends to slide upward or the upper segment to slide toward the right. 
Between a and c, between c and d, between g and h, and between h and 
6, all the diagrams are straight lines, Figs. (6) and (d) being inclined, 
and Fig. (c) horizontal. At c and at h. Figs, (fc) and (d) change their 
inclination, and Fig. (c) shifts its position. Between d and /, and 
between / and g (i. e., under the distributed load), Figs. (6) and (d) are 
parabolic curves, and Fig. ( c ) shows inclined straight lines. At /, Figs, 
(o) and (d) change curvature, and Fig. (c) shifts its position. At e, the 
point of maximum moment, Figs, (c) and ( d) change signs. See Relation 
between Moment and Shear, Statics, f359 to 368. 



65. Inasmuch as the horizontal shear is a resistance to bending, its neglect, 
in the common theory of beams, as heretofore explained, is in general on the 
side of safpty. But, in beams composed of horizontal layers, means must 
be provided for its transmission from one layer to the next. 
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Fig. 10. 


56. Thus, deep wooden beams, Fig. 10, are frequently built up of two or 
more timbers, one above the other. In order to prevent deflection, due to 
the sliding of these timbers upon each other, blocks are inserted between 
them at intervals, as shown, or the adjacent sides of the timbers are so 
notched as to interlock. In either case, the timbers are tightly bound 
together. The blocks or notches then serve to transmit the horizontal shear 
from one timber to the other. In Fig. 10 the blocks are more numerous near 
the ends of the span, as required by the diagram of horizontal shear, Fig. 9 (d). 







uniformly 
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Deflections. 

57. The opposite table gives the deflections within the elastic limit 
of any prismatic beam (beam of uniform cross section throughout) under dll* 
Cerent arrangements of support and of load; also (in the last 
column) the extraneous load which will produce a given deflection, 

without assistance from the weight of the beam itself. All the formulae are based 
upon the assumption that the increase of deflection is proportional to increase 
of load. 

The letters signify as follows: 

d - deflection of beam, In inches (see Figs). 

W — weight of extraneous load in pounds 
w — “ “ clear span of beam, in pounds. 

I = clear span of beam, in inches (see Figs). 

E = modulus of elasticity of the material of the beam, in lbs. per sq. Inch. 

I moment of inertia of the cross section of the beam, in biquadratic inches. 
8ee “Unit of Moment of Inertia,” p. 46S. 

From the principles embodied In the opposite table, we find that in bean* oi 
similar cross section and of the same material, and within the elastic limit, the load, 
and deflections (neglecting the weight of the beam itself) are as follows: 


With the same 


and breadth 
“ depth 


The deflections uuder a given extraneous load are 


inversely as the breadths and as the cubes of the depths 
directly 


breadths 

cubes of the spans 


With the same 


The extraneous loads for a given deflection are 


span 

“ and breadth 

“ “ depth 

breadth “ “ 


directly as the breadths and as the cubes of the depths 

“ “ lneadths 

inversely “ cubes of the spans 


Deflection In Terms of Extreme Fiber Stress. In table, p. 474. 

the load W ~ *3 ,* ^ where k - a coefficient, as below; S “ unit stress 

in extreme fibers; I ■* moment of inertia; T •- distance from neutral axis 
to extreme fiber, and l - span. From the table opposite, we have: 

W - m ; where m « a coefficient, as below; d - deflection, and 

'' ' „ I Jtl, ... t f! 

E modulus of elasticity. Hence, k S ^ “ *» jf ’ * d ~m ' ET 

PS, m 

"rri iwher ‘ c " *• 


In a cantilever, loaded at end, m 

•• •• “ uniformly, m 

In a beam, supported, and loaded at center, m 

.. .. • “ ** uniformly, m 

•• “ fixpd “ " at oenter, m 

m u «' ’ “ “ uniformly, m 


3; k ~ 1; c 

8; * - 2; c 

48; k - 4; c 

70.8; It - 8; c 

192; ifc - 8; c 

384; * * 12; c 


!: 

12 . 

9.6 

24. 

32. 


35 
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Elastic Limit. 

58. Under moderate loads, the deflections are practically proportional to 
the load. When they begin to increase perceptibly faster than the load, the latter i« 
■aid to have reached the elastic limit, or limit of elasticity. It is generally at this 
point that tha “ permanent act” first becomes noticeable; i. e., after*removal 
of the load, the beam fails to return to its original unstrained condition, and remains 
more or less bent. Th** deflections then also begin to increase irregularly ; and tc 
continue indefinitely without further increase of load. In short, the beam is in 
danger. Hence, the actual load must never exceed the elastic limit; and should not 
exceed from one-third to two-thirds of it, act ordiug to circumstances. 

The limit of elasticity of a. beam of any pai ticular lorm, or material, Is 
determined by experiment with a similar beam, .as in the case of constant* 
for breaking loads, Ac. Thus, load a beam at the center, by the careful gradual 
addition of small equal loads; carefully note down the defiectiou that takes place 
within some minutea(the more the better) after each load has been applied; in order 
to ascertain when the deflections begin to increase more rapidly than the loads; for 
when this takes place, the load for elastic limit has been readied.* 

It is not the deflections of the whole beam that are to be noted, but those of its 
Clear span only. Several beams should be tried, in order to get an average constant, 
for even in rolled iron beams of the same pattern, and Bauie iron, there is a very 
appreciable difference of strengths and deflections. 

Then, to get the constant, using the total load applied during the equal deflections, 
indoding half the weight of the beam itself, 

Constant for elastic limit - - - - S P“" '"MX Totaljoad in H»._ 

Breadth in inches X Square of depth in inches 

Tlae constant, for wooden beams, may be had, near enough for common 
practice, by taking one third of the breaking constant* in the table, page 476. 

Said constant, thus calculated, is the elastic limit of a beam of the given shapt 
and material, 1 inch broad, 1 inch deep, and of 1 foot span, supported at both ends 
and loaded at the center. To obtain from it the elastic limit of any other beam of 
the same design \ and the name malarial, similarly supported and loaded, but of other 
dimensions. 

filaaflc __ congtant y breadth in inches X aquare of de pth in Inches 

Hm “ « p .airss 


If the l>eam is 

supported at botli ends and loaded at center, 

“ “ “ “ “ “ uniformly, 

fixed t " " “ “ “ at center, 

“ “ 44 44 44 44 uniformly, 

“ “ one end “ '* at other cud. 

44 . . 4 44 uniformly 


•Of course, in practice, it is frequently difficult to ascertain with precision, when, 
or under what load, the deflections actually do begin to increase more rapidly than the 
tuccessiv# loads. For although by theory the deflections are practically equal for 
equal loads, until the elastic limit is reached, yet in fact they are subject to 
more or less irregularity; for no material composing a beam is perfectly uniform 
throughout in texture and strength. Hence, instead of regular increase of defleo- 
iion, we shall have an alternation of larger and smaller ones. Therefore, some judg¬ 
ment is required to determine the final point; in doing which, it is better, in case 
of doubt, to lean to the side of safety. It is assumed always that the load is not 
ratyect to jars or vibrations. These would increase the deflections. 



JThe shapes of the two beams need not be similar. For instance, the constant 
deduced from experiments upon any rectangular beam is applicable to any other 
rectangular beam, whether square or oblong. 


Multiply the 
result by 
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The Elastic Curve. 

59. When a cantilever, Fig. 1, or a beam, Fig. 2 , supported or fixed in 
any manner, bends, under the action of any load, the neutrai surface, n », 
lorms a curve, such that, at any section, 


where 

Jt 

M 

1 

E 

S 

k 


El IS 
Af “ M* : 


the radius of curvature, at the section; 
the bending moment, at the section; 
the moment of inertia of the section; 

the elasticity coefficient of the material, 


S. 

k ; 


any unit stress within the elastic limit; 

the unit "stretch” (elongation or compression) produced by S in 
the given material. 



Fig. 1 (repeated). Fig-. 2 (repeated). 


The Deflection Coefficient. 

60. Definition. The deflection coefficient, for any given material, is the 
deflection, in inches, of a beam, of that material, 1 inch square and of 1 foot 
span, supported at each end, and carrying, at its center, an extraneous load 
of 1 tb. — | w', where uf = weight of clear span of beam alone, in tbs. 

61. Let y — the deflection coefficient for any given material. Then, in 
any rectangular beam, of the same material, with center load or uniform 
load, let 

b = the breadth, in inches; 

d --- the depth, in inches; 

L the span, in feet; 

w « the weight, in tbs., of the clear span of the beam itself; 

W -- center load 4- 1 to; 

- | (uniform load H- ti»)- 

Then, in the given beam, 

W L 8 L a v 

Deflection = Y - Breadth* - b - W . ~|,* 

, v . b.d* _ * . . slWV. 

Load « W » \ .j 3 — Depth* — d = L -y -yy- 

62. The deflection coefficient, u, for any given material, is obtained by 
experiment, thus: At the center of any rectangular beam, of the given mate¬ 
rial. placed horizontally upon two supports, at anv convenient and known 
distance apart, place any load that is within the elastic limit, and measure 
the resulting deflection, Y. Let W ■= the extraneous center load + I to, 
where to — the weight, in lbs, of the clear span of the beam itself. Then 
the deflection coefficient is 

y “ Y • \V . I. 1 ', 

where b and d ---■ the breadth'and depth, in inches, and L — the span, in 
feet, of the experimental beam 

* In calculating the breadth or the depth, if it is necessary to provide for 
the weight of the beam itself, we first let W - the extraneous load only, 
and then proceed by successive approximations, as in U t 45 and 46, remem¬ 
bering, however, that in the case of deflections, 5-8 of the weight of each 
additional section is ' o be taken as equivalent center load, and not 1-2 a* in 
the case of strengths. 
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63. The ratio between any two homologous lines, in any two similar 
figures, is constant. Hence, in determining or using coefficients, whether 
for strength or for deflection, by comparing beams of similar sections but of 
different sizes, we may use any two homologous lines in place of the two 
breadths, or in place of the two depths, or the same line may be taken in 
place of both breadth and depth. 

Thus, in Figs. 11, lijb — Did =» R/r — 2. 



Hence, 

Also, 


HD* 


Also, 


B^D 

V d 


384 _ ol K R- 

48' “ S " 2 = r r* 


1000 

125 


8 - 2 s ; 


B R* 6 - 100 = 000 
b r* " 3 X 25 75 “ 

1728 _ ^ _ R 3 R _ 10,000 _ 

lftfi "* * V. r' " 


63 a. From the foregoing and from f 31, p. 473, it follows that, with similar 
cross sections but equal spans, Fig. X, the strengths ate proportional to 
the cubes of any homologous lines in the two sections, but, with beams 
similar in all respects, including span, Fig. Y, the strengths are as the squares 
of any homologous lines in the two sections ; i. c., as the areas of the two 
sections. 


64. Deflection coefficient for beams of rectangular cross section. 
See 60, 61. Beam 1 inch square. 12 ins span. W (- con load + % x 
weight of clear span) = 1 pound. From p 480, we have , 

~ 4 1.‘ W 12< X 12 432 

Den coeff =■ defl, y, in ins, at cen. 


48 hi I 


48 K 


K * 


66. f'antion. The deflections of timber of the same kind vary greatly 
with the degree of seasoning, the age of the tree, the part from which the 
beam is cut, etc. In our own exjieriment.s on good pieces, well seasoned, on 
which the loads were allowed to remain for months, less than 2 per cent, of 
the breaking load produced a jiermanent set in a few months. Several of 
the sticks bore their breaking loads for months before actually giving way. 
The vibrations and jars, to which all structures are exposed, in time increase 
the deflections. 


66. Eccentric Concentrated Load**. I^t Y, Fig. 12(a), be the 
deflection, at the center of the span (i. e.. at the point of application of the 
load) of a beam supported at each end, due to a load, W, withm the elastic 
limit, at the center of the span. Then, if the same load, W, be placed eccen¬ 
trically upon the same beam, as in Fig. 12 (h), the deflection, Y', at the 
point, c, of application of the load, and due to the load, W, is 
16 m* 7i* 
x - i ^ . 


where 

l - the span ; 

m and n — the segments into which the load divides the span. 
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67. Cniforln Loads. Let Y be the deflection, due to any central ex¬ 
traneous load (within the elastic limit), on a beam supported at each end. 
Then the deflection, Y # , of the same beam, due to the same load uniformly 
distributed over the span, is 


Y. 


68 . Inclined Beams. If the beam is inclined, use the horizontal pro¬ 
jection of its span, in place of the span, l, in determiniug its deflections. 


69. Cylindrical Beams. Let Y be the deflection of a square beam 
under any given load. Then, for a cylindrical beam whose diameter “ side 
the square, the deflection, under the same load, is « 1.698 Y. 



70. Figs. 13 (a) and (b) show, respectively, the strongest and the stiffest 
rectangular sections which can be cut from a given cjlindrical l og, o f diame¬ 
ter, I). In the strongest section Fig. (a), a c ~ and 6 — l D 2 . In the 

3 \ 3 

D / 3 

stiffe-d section Fig (b), nc — andd “ ^ 4 

71. Maximum Permissible Deflection. Under even a perfectly 
safe load, a beam raav bend too much for certain purposes. Thus, to pre¬ 
vent the cracking of the plaster of ceilings, it is usual to limit the deflection 

of beams to inch per foot of span =» 31 ins. per 100 ft. In long 


lines of shafting, for machinery, the deflection is usually limited to " 

1J00 
3 

inch in 10 ft.} 


16 


1 inch per 100 feet of span; in highway bridges to ■ 

640 

in railroad bridges to ; ■= inch per 100 feet. 

1600 4 

72. Let Y *= the maximum permissible deflection, in inches per foot of 
span, in any given case; 
v — the deflection coefficient, ilf 60, etc. 

L « the clear span of the beam, in feet; 
w — the weight of the clear span of the beam, in lbs.; 

„ W =■ the center load + I w; 

— I (uniform load 4- 1 />). 

Then, YL - the deflection, in inches, for the whole span, L, and we havet 
for the permissible load. W, and the required breadth, 6 , a 
rectangular beam (see 1 ) 61); 

, . m YL bri* Ybd * 

Load - w - - -prj-: 


1 , and depth, d, lot a 


Breadth * 


6 - W 


L‘y 

Wv. 


Depth < 


■jP'l' 


* See foot-note to 61. 
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Suddenly Applied Loads. 

73. Suppose a load to be applied to a flexible beam suddenly, though 
without falling or jarring; as, for instance, if it be supported by a cord which 
allows it just to touch the beam without bearing upon it, and the cord be 
then suddenly cut in two. The deflection of the beam, in such a case, is 
theoretically twioe as great as when the same load is applied gradually, as by 
very slowly relaxing the cord, or by dividing the weight into small fragments 
and applying them at intervals, one by one. See 35 etc. under 
Strength of Materials. Hence the strength of the beam (within the 
elastic limit) is much more severely taxed in the former than in the latter 
case. A heavy train, coming very rapidly upon a bridge, presents a con¬ 
dition intermediate between the two. 


Cantilevers and Beams of Uniform Strength. 

74. For equilibrium, the resisting moment, R, of any section, must bal¬ 
ance the bending moment, M, at that section. Or, 

|.I - M; or, S - M. J; 
where S «=» unit stress in extreme fibers; 

T ■= distance from neutral axis to extreme fibers; 

I — moment of inertia of section. 

75. In a beam of uniform cross-section, therefore, since T and I are uni¬ 
form throughout the span, the unit stress, S, on the extreme fibers, varies 
with the bending moment, M. For uniform strength against bending mo¬ 
ments, the cross-section must so vary that j shall be inversely proportional 
to M, in order that S may remain constant. 

76. The following table shows, in elevation and in plan, the theoretical 
shapes of rectangular cantilevers and beams of uniform strength against 
bending moments, under concentrated and uniform loads. In practice, 
some of these shapes would of course have to be made stronger near their 
ends, in order to provide a sufficient section to resist shear. 

77. t Notwithstanding the reduction in material which would be effected, 
by using beams of uniform strength, their use is seldom economical, except 
In the case of cast iron. In timber, the material removed would not be 
saved; and, in steel, the saving in material would often be offset by the cost 
of additional labor. 

Moreover, it will be noticed that the deflections of beams of uniform 
ftren^th, under a given loading, are considerably greater than those of beams 
of uniform cross-section. 

In the table, 

W ■* concentrated load; 
v> — uniform load per unit of span; 
l — span; 

z — distance from a support to any given section; 
d — depth of beam at that section; 
b •» breadth of beam at that section; 

D — maximum depth of beam; 

B ■» maximum breadth of beam; 

8 «■ Unit stress in extreme fibers; 

E - elasticity coefficient - un,t rtrw " ; 

unit stretch 

Y' — deflection, due to extraneous load, in beam of uniform strength; 
Y ■■ deflection, due to extraneous load, in beam of uniform cross-sec¬ 
tion — maximum cross-section of beam of uniform strength 
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Cantilevers of Rectangular Cross-section and of Uniform 
Strength. Profiles, Plans and Deflections. 

For symbols, see 1 77. 


Concentrated Load,— IT, at end. 


,o r, 

Breadth, 6, constant 

Profile, parabola, with vertex at load. 

j 



^ /flWx r , 8W1* 

11 —--—j- 1 '? -*.** 

VS b ' E 6 D 3 ’ 

D — Maximum depth. 

wO t 


1 '/ 

Depth, d, constant. 

L_ 

Plan, triangle. 

k jc > " 


h b u 

b _ » w * , y' _ «wi» _ A Y 

^ *—*_ft;-' Y 

S d 2 E lid 3 2 

Lti 



Uniform Load, ^ to per unit ofiipan. 



U - -1—4^ 

** " jr 

teS5g—^ Flj ; ~ 1 ) 


Breadth, h, constant 
Profile, triangle 

fTw 


d - * 


v— 

V 86 


Depth, d, constant 

Plan, two parabolic curves, with vertices 


at free end. 

8d s 


SW1 3 
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Beams of Rectangular Cross-section and or Uniform Strength. 
Profiles, Plans and Deflections. 

For symbols, see opposite page. 


Concentrated Load,'-’II', at center. 





Breadth, b, constant 
Profile, ellipse or semi-ellipse 
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Symbols in table opposite: 

W =* concentrated load; w = uniform load per unit of span; 

l — span; r — dust from a support to given sec; 

d — depth of beam at that .sec; b = breadth of beam at that sec; 

D =» maximum depth of beam; Ii =» maximum breadth of beam^ 

S » unit stress in extreme fibers; 

E * elasticity coefficient = Urnt st,r< ’ f ’ s ; 

unit stretch 

Y' — deflection due to extraneous load in beam of uniform strength ; 

Y =» deflection, due to extraneous load, in beam of uniform cross-sec¬ 
tion =* max cross-section of beam of uniform strength. 


Continuous Beams. See also 134-6. 

78. A continuous beam is one which rests upon more than two supports. 

79. The resistances and deflections of continuous beams, like those of 
beams with fixed ends, are determined by means of the elastic curve, using 
the calculus. The more important facts, thus deduced, are indicated in 
Fig. 14 and illustrated table, % 89. 

80. Fig. 14 represents the general character of the deflections, and the 
variations of the moments and of the shears, in uniformly loaded continuous 
beams. 

81. Moments. Fig 14(6). Ordinates drawn above the zero line, a' b\ 
represent positive moments, or those where the segment of the beam, to the 
left of any section, tends to revolve clockwise; and vice versa. 

82. At each end of the beam, at one point, i (called the inflection point, or 
point of contrary flexure) in each end span, and at two such points in each 
remaining span, the moment is zero. 

S3. At another point, in, in each span, the positive moment reaches a 
maximum for that span; while the negative moments reach their maxima 
■if the supports. Both the positive and the negative moments vary in the 
different spans; but, if the spans are equal, then the moments, at any two 
taunts equidistant from the center of the whole beam, are equal. 



84. The moment diagram, bet ween each support and the point, m, of 
maximum positive moment on either side of it, is a semi-parabola, with its 
apex at m. 


85. Shears. Fig. 14 (<■). Ordinates drawn above the xero line, o' V, 
represent positive shears, or those in which the fe/f-hand segment, at any 
section, tends to slide upward past the rip6/-hand segnunt; and vice versa. 

86 . At the point, m, of maximum moment, in each span, the shear is sera 
Between each such point and the next support on the left, the shear is posi¬ 
tive, and vice versa. 

87. At each support the shear suddenly changes, by an amount - the re- 
action of the support. 

88 . The shear diagram is a series of straight lines. 
































CONTINUOUS BEAMS. 


opposite represents the conditions theoreti- 
n T loaded continuous beams of from two to five equal 

^m e tricai y with St “ ° l SU ° h belun “ shown ’ the ri * ht ** tein - 

PflSfgn^ 6 the arnount the maximum positive moment io 

SthSVe. a h iap^rr® at ' Ve m ° ment ** each support ’ and theskear01 ‘ 

,J l -£*. F T also, the coefficient, a, lor the distance, a l, from the 
inH ^o P o° rl ffi ' ea f h SI f Un A° t , ie point of maximum moment in that span; 
a “ d X ' f ? r , the tl'etaliee or distances, x I, from the same sup- 

^,h n<iMtl ? n P"! 111 ur pomt3 m that a Pao- In each central span, the 
sum of the two values of x is - 1. In each end span, x - 2 a. 

,.?*• ea ,°l? , central a I> an . the point of maximum positive moment is at 
metrSd or a th<! 0 s' 1 ' 0thcr woni "’ the tleOertion in that span is sym- 

93. The numerical sum of the two shears, one on each side of a support, 
" •* the reaction of that support. At each central support, the shears, on it< 
two sides, are equal. 

In the Figs., 

w =•» load per unit of span; 
l = span; 

rn -» the coefficient for moment; 
mw F = moment; 

v == the coefficient for shear; 
vwl « shear; 

a « the coefficient for distance to point of maximum moment; 
a f — distance from left support of any span to point of maximum 
positive moment in that span; 
x = the coefficient for distance to inflection point; 
xl =* distance from left support of any span to either inflection 
point in that span. 

94. Fig. IS shows the values of m and of v in a uniformly loaded non-con- 
tinuous beam. Comparing these with the corresponding values in con¬ 
tinuous t>oams. as shown in the illustrated table, opposite, we see that the 
continuous beam has considerable theoretical advantage. But see ^ 9C. 



Fig;. 15. 


9.». Certain practical considerations, however, materially reduce these 
advantages in many cases. Thus, in a continuous railroad bridge of 100 ft. 

spans, so designed that the maximum deflection shall not exceed ^ inch, a 

settlement of — inch, in an intermediate pier, would deprive the bridge, o! 

»lie support of such pier, and thus practically throw two adjacent spans 
into one, bringing upon their members stresses far in excess of those for 
which they were designed. Again, with moving loads, the theoretical ad¬ 
vantage may at times be much less than that due to a stationary load and 
indicated in the illustrated table. 


18 
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Cross-shaped Beam.* 

96. In a cross-shaped beam, Fig. 16, of homogeneous material, loaded at 
center, let 


W = the load; 

E = the elasticity coefficient 


u nit stress _ 
unit stretch' 


Y 
L, l 
I), d 
T. * 
1 . * 
8,8 

P. » 


the deflection at center; 
the spans of 
the depths of 
the half depths of 
the moments of inertia of 
the unit stresses in the extreme 
fibers of 

the portions of W borne by 


the two branches respec¬ 
tively. 



Fig;. 16. 


Then (see illustrated table, p 480), since the deflection is necessarily the 
same for both branches, 

L* P P p 

« • or 

LI L t 

P ^ I.P, 
p i . L 3 ’ 


and, since P 


. S I . 

■ 4 • T - jj. and p « 


(see table, p. 474), we have 


97. In other words, in order that both branches may be equally strong, 
their depths (independently of their breadths) must be directly as the squares 
of their spans, or their spans directly as the square roots of their depths. 


*F. Reuleaux, “ Der Konstrukteur.” Braunschweig, 1889. “The Con¬ 
structor,” translated by H. H. Suplee, Philadelphia, 1893. 



STRENGTH OP PLATES. 


493 


Transverse Resistance of Flat Plates. For Buckled Plates, seepll67. 

98 1lie laws governing the resistance of plates, to pressures normal to 

tnei; surfaces, are but imperfectly understood ; and formulas expressing 
them must be used with caution and as probable approximations. 

99. In the following table, the moments are those given, as sufficiently 
approximate, by Rankine, Civil Engineering, p 544, for supported edges; 
and the stresses are deduced from these moments bv means of the formula, 

S — M l 'p. See symbols, 101. See formulas for load, in rectangular 
beams, p 474. For plates with fired edges, see ^ 100. 

A homogeneous oblong plate tends to split along its longer axis. 

■ 100. Fixed edges. If M be the moment, and S the maximum fiber 
stress, for a plate with supported edges, and if MV and .s^ be the correspond¬ 
ing values for the same load on the same plate with find edges, we mav 
a'-sume — 

for central load, Mt = ** .1/ ; Sr - l v S ; 
for uniform load. Mf — y :K .\l ; Sr - ;' 3 S. 

See i ules for ordinary beams, p 474. 


101. In a plate with supporUd edges, let 
d = thickness of plate , In an oblong plate, let 

w =- load j>er unit of surface ; L - longei span ; 

11 - total load , 6 - shorter span ; 

.1/ — max bending moment; in a square or circular plate, L ■* b; 

S ** max fiber stress. in a circular plate, r = radius. 


Maximum bending moment, Jtf, and maximum fiber stress, S, in 

plates supported at edges. For fixed edges, see 100. 


Central Load. 


Plate | 

Moment, AT.- 

^- 

- Stress, S. 

Oblong 



3 b W 

L < 1.19 b 


•2 L<P 

L < 1.19 b 

3 L< b 

8 L< + ¥ 


9 L 3 6 

4 - L* + b* 

Square 

iW 


9 W, 

8 <P 

Circular 

Plate 1- 

W 

7T 

l T nlform 

— Moment, M. - — — 

Load. 

3 w t 

it d 2 

- - Stress, S. 


Oblong 

Square 

Circular 


1 L*b 
8 L* t b 


ir l 


i is fe 2 
8 W L* t- b « 
1 

ltj *' 

I 

' 3 11 


- L 3 


3 X . 3 b W _ 3 L* 62 w 

4 ‘ L* + b* ' tP " 4 ' L* + b* ‘ <P 

3 W * - 3 /j ® 

8 (P 8 ’ 

1 ,r * , ra w 

rr • (P 


102 . In a circular plate, uniformly loaded, deflection at center — 

tv r* 2 1 

C Fd 3 w ^ ere tc y for plates supported at edges ; c — -g- for plates fixed 
at edges ; E — elastic modulus. 


(5 IF L 

’•‘Since the stress (S — M j"p) proportional to ^ , the stress. «S, 

Under a given total load, W, m square or circular plutes, and in rectangular 
plates where L/b is constant, is independent of the surface dimensions. 

t Compare F. (Jrashof, Theorie der Elaaticitat und Festigkeit, Berlin, 
1878, pp 336. 337. 
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TRANSVERSE AND LONGITUDINAL STRESS COMBINED- 

103. Although the combination of longitudinal and transverse stress in 
the same piece is objectionable, it is often unavoidable. Thus, in a timber 
roof, the rafters generally act both as columns and as beams 

In such cases, the total unit stress. S, in the extreme fibers, is the sum 
of the uniform stress, S c . due to direct compression or tension, and the. 
extreme fiber stress. S ( „ due to bending moments only, under the action 
of the transverse and longitudinal loads combined Or S ^ S c + 8 b . 

Let M b = the bending moment due to the transverse load; M„ *= the 
bending moment due to longitudinal load. P; and M — the total resultant 
bending moment, — M b — M r when, the longitudinal load is tensile; 
— Mb + M,. when the longitudinal load is corn pressive. 

But M c = P d, where P = the longitudinal load, and d »= its leverage, => 

P S 

the deflection of the beam, due to all causes ; and (see .">7) d — — _ h ; 

h I c 

where l = span. Si, ~ unit stress in extreme fibers, due to bending; 
E = modulus of elasticity; T — distance from neutral axis to extreme fibers, 
and c — a coefficient, whose values, for different cases, are given in ^ 57. 

Hence, M c = P ; and resultant moment M *» M h 1 P T f~'' - The 
ti l c ETf 

resisting moment, R (see f 10), is = S h ^ ; and, for equilibrium. R - M. 
Hence. Sb. L — Mb + P whence we derive, for the extreme fiber 

-1 E 1 C 

stress, S h , due to bending only, under the action of the transverse and longi¬ 
tudinal loads combined, 

g * __^ b ^ | where the longi- I g. ™ ^ - ) where the longi- 

p p >■ tudinal stress is I p p > tudinal stress is 

I i- j tensile | I — } compressive 

Besides this we have the unit stress, S„, due directly to the longitudinal 
P • 

load, P, and = , where A is the area of cross-section of the beam. Hence. 

A 

for the total unit stress, S, in the extreme fibers t we have 


s - s c + s,. 


P Mb T 
A + pp' 
1 * Ec 


When the deflection, d, is negligible, M 0 - 0; 


M t , T MT . , lo 
—- j , as in * 10 ; and S 

neglected, and this formula used. 


P M T 

A T I”* 


M - Mb S t , ,j,; and St ~ 
In practioe, d is frequently 
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Maximum Unit Stresses. 

104. When a body (as a bolt) is under tensile (or romp) stress 
only, the tendency of the body, as regards sections normal to the stress, is to 
pull apart (or crush together) in the direction of the stress, or normally to the 
section, and the entire stress acts normally upon the section; but, on planes 
oblique to the stress, the stress is resolved into two components, one (n) 
of tension (or comp) normal to the plane, and one (0 tangential to the 
plane (shearing stress). 

105. Under shearing stress alone, the effect, upon a plane parallel 
to & betw the 2 shearing forces, is pure shear; but, upon planes oblique 
to the forces, the shearing forces are resolve<l into (/) tangential or shearing 
stresses, and (n) normal (tensile or comp) stresses. 



106. Thus, Fig 17, let a bar, of length, L, and depth, D, be subjected to 
.» tension, S — S', in line with its hor axis, and to two pairs of forces, F« V' 
and H - //', as shown; V and V constituting a right-hand vert shear, while 
II and II' constitute a left-hand hor shear. 

Suppose the bar divided by a section, as N N, F G or K M , and consider 
the forces acting, in either case, upon the right-hand segment of the bar as 
thus divided. . 

Upon the normal section, N N, the tension, S, and the hor shear, //, act 
normally (S as tension, H as compression), and the vert shear, V, tangen¬ 
tially (as Hhear), but, for an oblique section, F 0 or K M, we first resolve 
each force, S, V and II, into two components, b and y, c and z, a and x, 
respectively normal and parallel to the section, as shown by the force-triangles 
■ in the right.* Then, summing these comps, algebraically, we obtain the 
resultant forces, P n (normal) and P % (tangential or shearing), acting upon 
the section in question. With the forces, »S, 1 and //, as shown in Fig 17, 
we have. 

On sec F G, P n , tension, -* y + z — x; 

P ( , right-hand shear, =■- a + c — b; 

< >n sec K St, P n , compression, -* n + c — b ; 

P t , right-hand shear, - y + z — x. 

1»7. If, now, we examine all powlble plnne* cutting the body at a 
given point, we shall find (1) one such plane upon which the resultant 
unit tensile stress reaches its max; (2) anothei, normal to (1), upon which 
the resultant unit com;) stress reaches its max; and (3) two planes, normal 
to each other & bisecting the right angles betw planes (1) & (-)■ Upon 
the two planes last named, (3), the resultant unit shearing stresses reach 
their max. 


*In order that, for cither force, S, V or II, the two force-triangles (for 
the two sections, F G and K M) may be identical, and thus simplify the 
figure, we take the two sections, F (l and K Af, normal to each other. 
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108. I^et Fig. 18 represent a Nmall element in a bar under tensile & 
shearing stresses; and let it be required to determine the poaitionM of 
these plane* and the eorreNpouding; max atreHwe*. Let 

s = the original normal (tensile or comp) unit stress ; 
v « “ “ vertical (shearing) unit stress; 

= h — " “ horizontal (shearing) unit stress ; 

8 p = “ max or min resultant uormal unit stress ; 

t' r “ “ max resultant shearing unit stress . 

.1 - “ angle betw a and a p . 

Then tan 2.1 = * . .. .(1) 


v T “ J (8/2 i+ v 1 ... 
s_ max 8/2 4- r 


s/2 - ,, 


#/2 + i {a/2)- + v • 
8/2 — | (8/2)- 4- r* 


If 8 is4 


(tension 
(comp 


I 4- sign gives max tension 

I — " “ “ comp -- inin tension 

j + “ “ comp 

1 — " “ " tension *- mm comp. 


.-( 2 ) 
.. ..(3) 
.. .(4) 


109. Example. Ix*t 

8 =* 2000 lbs/sq inch, tension (not drawn to scale); 

e “ h =■ 1600 " / “ ", shear (.. “ ). 

Here v is left-handed, h right-handed. If this be reversed, the angle, A. 
betw the resulting tension, , & the hor, will be be/ow the neut axis. 

110. Then tan 2 A - * w - 1.6; 2.1 - 8W>; A 29°; 

«/2 1000 

v r -= 1 {a/2>* + v 1 -= \ 1000- 4 ItKXH « 1887; 

a p max *» s/2 4- v f *• 1000 4- 1887 »■ 2887 (tension' 

8 p min -- 8/2 - v f = 1000 — 1887 — — 887 (comp t 

111. In other words, we have, aN renultantw. ( 1) a max unit tension, 

tp max ---- 2887 lbs/sq in, forming an angle, A -- 29°, with the axis of the 
bar or with the direction of a ; (2) a min unit tension or max comp, a p min »- 
— 887 lbs/sq in. normal to 8 p max; (3) a right-hand unit shear, v f 1887 
lbs/sq in; and a left-hand unit shear, — v f — 1887 lbs/sq inch; the 
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directions of the shearing stresses bisecting the right angles betw the max 
normal stresses. 

112. The max tension and compression, at any point, are called the 
** principal strcKNC* " for that point. 

Horizontal and Vertical Nhear in Beams. 

See also pp 440 Ac, 446 &c, 450 to 453, 478-9. 

113. Let Fig. 19 represent the left half of a lioinopcneoiiN beam, of 

rectangular section; breadth, b, 1 inch; depth, d, — lOins; span, L, = 100 
<ns; with cen load, H’,*of 200 lbs; left reaction, R = IF/2 = 100 lbs. Weight 
of beam neglected. The bendg mom, at cen of span, is M = RLf 2 — 
IVL/4* -= 5000 inch-lbs; and the mom decreases uniformly,* from its max, 
at cen of span, to zero at the supports. In the extreme upper & lower fibers, 
the longitudinal unit, stress, (* 10, p 468) s, ■= MTfl, where T — d/2 = 
dist fiom neut axis to extieme fibers = 5 ins; 1 = inertia mom of cross 
section -r IxPf 12 « 1000/12. Hence, in Fig 19, « = 12 X 5 M/1000 = 
0.06 M. Now «. being thus pioportiotial to .If, also decreases uniformly,* 
from its max, at cen of span, to zero at the supports. Values of M ana of 
s, for the sections 0, a, b, r, d, e, are figured on the diagram. • 



* Fader a uniformly diatnbuUd load, the bendg mom, at cen of span, 
w WLf 8; and the bendg moms, M, and the resulting longitudinal unit 
stresses, s, vary as the ordinates of a parabola, as indicated by the dotted 
parabola, rmr.at top of Fig 19, which corresponds to a uniform load * 400 
lbs « 2 The unit shears, v, in a given hor section, then decrease uni¬ 
formly, from a max, at the supports, to zero at the cen of the span. Com¬ 
pare 3d and 4th figures, p 474. 
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11 1. The unit hor tensile and comp stresses, s, at the several points 
in any vert section, are proportional to the dists of those points from 
the neutral axis, as indicated by the diagram at each vert section, Fig 19. 

115. In Fig 20, let n and g be two vert sections of this beam, such that, 
at n and at g, the extreme unit fiber stresses are: m n = 15, and u g — 25, 
respectively. Then the rectangular portion, n f, of the beam, 
betw sections n A' g, is acted upon by a series of net or resultunt forces, 
ranging from compression, e q — u g — m n = —25 — (—15) = —10, at 
the top, to tension, = +10, at bottom, as indicated by the diagram, e k. 

116. Suppose the piece nf to be divided into 10 hor strips of equal depth, 
= 1 inch. Then the net unit stresses, «, acting at the tops and bottoms 
of these strips, respectively, are those, (—10, —8, —6, ... .6, 8, 10) figured 
from e to k\ and the mean stress, or (since depth of each strip — 6 = 1) 

the force, acting upon each strip, is that (—9, —7, —5.5,7,9y 

figured betw g and /. 

117. These forees are transmitted, from strip to strip, thru their 
surfs of contact; and, in determining the shearing force, acting in the hor 

E lane betw any 2 strips, we regard the upper (or lower) strip as acted upon 
y its own push or pull plus (algebraically) those of all the strips above (or 
below) it. 



118. Thus, the 3d strip from the top is pushed to the left by a force of 
—9 —7 —5 — —21, while the 4th strip, just below it, is pulled to the right 
by a force of 9 + 7 + 5 +3+1—1 —3 = 21. Hence the surf betw 
the 3d and 4th strips, sustains a counterclockwise *l»ear of 21 ; which, 
divided by the area, 6 1 - I, of that surface, gives the nnltahear in the 
plane betw the 3d and 4th strips. With central load,* this unit shear is 
uniform from each support to ceil of span, where it changes sense (from plus 
to minus, or vice versa) but is of the same intensity in the other half-span. 
See 3d Fig, p 474. 

119. In any vert section of Hie beam, let 

1' = the total shear 

— “ reaction of either support, minus the sum of all loads betw 

that support and the section ; 

7 =■ “ inertia moment with respect to the neut axis; 

b « " breadth; d — depth; 

a " area above (or below) any given point in the section; 

— “ dwt from neut axis to grav cen of a; 

M t * a c •»- static mom of a, with respect to the neut avis; 
r *= the unit vert shear ■» unit hor shear at a given point. 


1*20. Then 



*8ee foot-note p 494 c. 
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At the neut axis, M g (** a c) 


db d 
2 ' 4 


Hence, at 


the neutral axis: 

Tr & 


12 ?_ 

a b d* 


3 

2 ' bd 


<Pb 

8 "* 


the mean vert shear in the cross section. 


Sec also 51 etc. 


Since, under a center load, (If 113 and Fig 19) s increases uniformly, from 
zero (at support) to «max (at span center), we have, for the increase of s, in 
any portion, as n g = /, Fig 20, of the span: 


1 o 1 

smax jry 2 = 2 s n »ax ^ . 


121. At the left of Fig. 19 is a diagram showing the unit shears 

in the several hor sections. 

122. Let Fig 21 represent a small element of a b«*dy, of unit thickness, 
normal to the paper, and acted upon by a right-hand vert shear, V' ■= v D, 
(where v — the unit vert shear, ami D — the depth of the element) and by a 
left-hand hor shear, 11 — h L (where h — the unit hor shear, and L = the 
length of the element). For equihb of moments, wc must have 

V L « 11 I); or r I) L — h L />; or r - h. 

In other words, 

unit vert shear «= unit hor shear. 


ir=hi. 



Fig;. 21. 


Maximum init Stresses in Beams. 

123. The common theory of beams (pp 406 to 494,5 5 1-103) 
considers only the longitudinal tensile and compressive forces 

and the vert and hor shearing: forces, due directly to the load and to 
the upward reactions of the supports, and acting, at any point, upon vert 
and hor planet passing thru such point; but, except in certain limited por¬ 
tions of the l>cam, these stresses are not the maximum stresses act¬ 
ing at such point; for they combine to form resultant diagonal stresses, 
acting upon diagonal planes (passing thru the same point); and, upon some 
of these diag planes, the resulting normal and tangential stresses are greater 
than either qf the original stresses. 

124. The common theory is sufficiently well adapted to beams of 
many kinds, and especially to steel beams, where the longitudinal forces 
are resisted by the flanges, and the shears by the web; but in certain por¬ 
tions of deep and heavily loaded beams, especially those of reinforced 
concrete, the diagonal resultant, or maximum stresses are the 
ruling stresses, and must not. be neglected. 

125. Jn a beam, at top and bottom, we have, respectively, hor tensile 
and comp stresses only, and, at the neut axis, shear (vert & hor) only; 
but, at ail other points, we have shear (vert «fe hor) noting conjointly 
with hor stresses, either tensile or comp. At all points.these shearing and 
longitudinal stresses may be resolved into components, normal & 
tangl to any plane, at pleasure, os in the case of the bar or bolt, rig 17. 
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126. Thus, each element of the beam, Figs 22, 23, 24, is acted upon by 
hor & vert forces (unit stresses), which, acting upon diagonal planes, are 
resolved into diagonal components, and these components may be alge¬ 



braically rammed into resultant*; but the original stresses vary in 
intensity, and the resultant stresses both in intensity and in direction, from 
point to point. For the direction* and valued of these resultant 
■tresses at their maxima, we have, from Eqs 1-4, <i 108, p 494 b : 


‘_ */2 

/(«/2) 2 + r*. 

s/2 ± v r - s/2 t y / (Y/2 ) T h 


s — original unit tensile or comp stress at the point; 
v — original (vert or hor) unit shear at the point. 

The max normal stresses, $ p , are called the principal *tre**e«. 

127. Applying these formulas at numerous points in the profile of the 
beam. Fig 22, we are enabled to construct curve*. Fig 23, showing the 
direction* of the stresses; and to plot, as in Fig 24, for given points, the 
direction* nnd ftntensitie* of the stresses there acting. At any given 
point, Fig 24, we have resultant normal and shearing stresses analogous to 
those in Fig 18, p 494 6; but, in the present Fig 24, owing to want of apace. 
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128. In Fir. 23, the directions of the principal Ktresse*, s p , are repre¬ 
sented by the solid curves; those of the resultant shear*, v f , by dotted 
curves. 


Of the solid curves 

concave J 

horizontal 

i at 45° i at 90° 

(principal stresses) 

at cen of span 

with . wdth 

The tension cut ves are 

upward 

below neut axis 

neut axis top of beam 
. “ “ Jbot “ “ 

The compiessum curves are 

dow nwd 

above “ 


The tensile and comp curves are normal to each other at their intersections. 


129. Follow inany curve (concave upward) of normal tension,* 
we find that, 

(1) for its point of Iniiffcnc.v with Ihe lior (viz: at cen of span) 
s p max = tension — *, s p nun — comp — 0 ; 

(2) for the point wHere Ihe curie crosses the neul axis* (at 45°) 
s p max (tensionI — n p min (comp) = v T = ±v (shear), 

(3) above the neut ax In. the tension becomes s p nun, and continues 
diminishing, as the direction approaches the vert, becoming zero at top, 
where .1 = 90°. Above the neut axis, for points in the same curve, tne 
compression (normal to the curve) is now s p max, and increases from s p =» 
r r = ±r, at the neut axis, to s p max (comp) - *, at top. 

130. Where v = aero (viz. at anv point in the vert cross section at 
cen of span, and along the extreme upper and lower fibers), we have (H 126) : 

v f =* s/2 

i»p max ~ •/2 + v T = s ; tan 2 A = 0; 

B p min * e/2 — v f <= 0; tan 2 A =* 0. 

131. The equation, tan 2 1=0, gives either 2 .1 == 0° or 2 A =« 180°; 

i. A “ 0°, or A - 90°; but wc know that, at cen of span and along the 

extreme upper and lower fibers, 8 max is hor, or A ««* 0°; and a min is vert, 
or A = 90°. 

132. Where a «* zero (as at the neut surf and where bending mom 

- zero), we have 126) : v r = ±v; 8 p max = s p min = y'v 2 =»■ ±t>; 
tan 2 A » oc ; 2 A *= 90°; and A = 45°. 

133. Of the (dotted) Nhear curves. Fig 23, those of one set are tan¬ 
gential to the neut axis and reach top & bottom of beam at angles of 45°, 
tending away from cen of span; while those of the other set are normal to 
these and to the neut axis at their intersections, reaching top and bottom 
of beam at 46°, tending toward cen of span. 


nomiUTN IX (OSTIMIOi'S BKAMft. 

See also 78, etc. 

134. Figs 25 and 26 show pud five and negative bending; moments 
In two continuous beams. Fig 25 of two equal spans, and Fig 26 
of three equal spans, resting freely upon their supports. Each span « 1. 
F.g 26 (three spans) may lie used, with sufficient approximation, for cases 
where the spams are more numerous. 

* Conversely for curves (coucave downward) of normal compression. 
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133. At any cross section, the ordinate, betw the axis, 0 X, of abscissas, 
and the curve, (1) m w , (2) m p poa, or (3) m neg, represents, respectively, 
by the scale of ordinates on the left, (1) the (lead load moment, m u , (2) the 
max positive live-load mom, m p poa, or (3) the max negative live-load mom, 
m p neg, at that section, the dead load (1 per unit of span) being uniformly 
distributed over the entire length (two or three spans, as shown) of the l>eam, 
and the live load (1 per unit of span) being uniformly distributed alternately 
over two portions of the length of the beam, said portions being, for each 
cross section, such that the uniformly distributer] live load, placed upon said 
portions, will produce, alternately, the max poa and the max neg mom at 
that section. 

136. In an actual beam, at any point, we have, for bending mom: 

M — m K w IJ + m p p I? ; 

where 

ffly, = the ordinate, at the point, from 0 X to the curve m U) ; 

m p “ ** “ " .. “ " “ m p pot or m p ne(j\ 

v> “ uniform dead load per unit of span; 

o « " live “ “ “ “ “ , placed as explained in H 135. 

L ■* the actual span. 

Thus, at the point, a. Fig 20 (distant 0.7 L front 0), we have, by scale, 
m w ==• 0.035; m p poa *= 0.070; m p neg — — 0.035. Hence, at point a, 

max pos mom 0.035 u* I. 2 4- 0.070 p l?\ 
max neg mom -• 0.035 w I? — 0 035 p I. 2 . 

If. therefore, p =** w, the max neg mom, at «, is zero, and there is no 
resultant neg mom to the left of a; but, if p =- 2u>, we have xo - p/2 — 
(u> + p)/3; and, at a, with p ■» 2 v>: 
max neg mom -» 0.035 w 1, 2 — 0.035 X 2 w 

- 0.035 w L* — 0.070 tu L? « - 0.015 w I s 

- - 0.035 (w + p) L*/3. 
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COLUMNS IN GENERAL. 

Strength of Column*, Pillars, Strut*, of Uniform 
Crow* Section. 

(For iron and steel columns, see pp 1189, etc. For wooden columns, 
see pp 1143, etc.) 

1. The axis of a column is a line passing through the centers of gravity 
>f ail its cross sections. 

2 . If the line of action of the load coincides with the axis of the column 
m the end sections, the column is said to be axially loaded ; other- 
uise, eccentrically loaded. 

:t. Under an axial load, if the axis remains mathematically straight, it 
coincides with the line of pressure throughout the length of the column, 
and the stress is uniformly distributed over each cross section, as indicated 
In- the parallelogram, a b, Fie 2. but eccentricity of loading. Fig l a. or lack 
of straightness in the axis, fig 1 6, or of homogeneity m the material, will 
cause the axis to diverge from the line of pressure. 

4. When the axis and the line of pressure fail to coincide, in any section, 
their divergence, sets up. in that section, a “ couple ” (see Till 148, etc, PP 
etc; Uli 153. etc, pp 404, etc) represented by the two triangles, bed ana 
t cf, Fig 2, ^ ti, below. 

5 . In all cases, therefore, the diagram of the stresses in the cross 
section consists of the parallelogram. ab, modified or not las “erase 
may bci by the two triangles, brd and erf. I n Fig 2 the extreme 
liber stresses are: a =./f=il( + cf) ami fld (— flb ' ba.) 

6. In very abort rolumna. axially loaded, the parallelogram is 
but little (if at alll affected by the triangles; 1 e. the pressure is ™xnyor 
quite uniformly distributed over the cross section; while, in vrig ai™'*" 
roInmiiK. on the contrary, the pressure is practically certain to be unequally 
distributed; and the disturbing effects, represented by the two triangles. 


may dccuiuc me uiuiuijioi ...... —..— 

concave aide, tnav greatly exceed the mean stress, a e or gb, Fig 2, wru 
the unit stress, gd, on the convex side, may fall to zero or may even become 
tension. i-- --- 



w 

Fig. 1. ***• 4 

7 In very slender rolmnna. nnder moderate deflection*. 

the changes ol length to impport its load 

fibers, are relatively small. Hence, the column ma nr elMtiu 

,h rr^d^ 

H. But, as tnectci^uon. . k of the fibers, and therefore the 

1 > increases alscK The chan )H « t0 the increase of curvature; 

l >yH. ... __i,_ 


appearances, 
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are precisely similar, and tested under the same conditions. Hence, the 
behavior of columns is much less certain than that of pieces in tension, or 
even of beams; and liberal safety factors Mho ul<l be employed 
in using formulas or tables for columns. 

10. This lack of certainty, in respect to the strengths of columns, is 
especially unfortuuate in view of the necessary and extensive use of eol- 
uiiiiim as compression members in bridge and roof trusses. 
See Quebec Bridge, p 1202 [under Iron A Steel Columns]. 

11. The nentral axis of any section is a line, in that section, passing 
through its ceuter of gravity and perpendicular to the plane in which deflec¬ 
tion takes-place, or in which it is supposed to take place. A cross section 
may therefore have a number of neut axes,as the col may be supposed to deflect 
in any one of a number of planes. Usually, however, when a col, of 
homogeneous material, is left free to deflect in any plane, the plane of deflec¬ 
tion is determined by the shape of its cross section, and is that of its least 
radius of gyration. Thus, if tne section is circular, whether solid or hollow, 
deflection may equally well occur in any plane; but. in a square, deflection 
occurs in a plane parallel to either side; in a rectangle, in a plane parallel 
to the shorter sides, etc, etc. 

12. When the plane of deflection 1 m predetermined by some 
constraining feature, as by the pms in Figs 3 c, economy of material 
requires that the section be so disposed, with reference to the pin, etc, that 
the leaMt radius of gyration (see pp 353 a. b) shall be perpendicular 
to the plane of deflection, as so predetermined. When the plane of deflection 
w not thus predetermined, economy of material requires that the section be 
so designed that the several radii of gyration be as nearly equal as may be. 

13. Since a structure is in danger when any portion of it sustains a stress 
exceeding the elaMtlc limit, that limit should be taken as constituting 
the ultimate stress. 

14. Fatigue. In our following remarks on this subject. the'pillars 
are supposed to sustain a constant load; and the ultimate or breaking load 
referred to is that one which would, during its first application, cripple or 
rupture the pillar in a short time. But struts in bridges etc often have to 
endure stresses which vary greatly in amount from time to tune. Their 
ultimate load is then less. See p 465. 

15. The resistance of a column is greatly affected by the arrangement 
of its ends, see Fig 3, below. Thus- 



*’i*. 3. 


A. Free end. Column free to deflect, in any direction, about the other 
(fixed) end. 

In the following cases, the ends are supposed to remain stationary, 
alt ho the axis is more or less free to bend. 

B. Bound ends. Axis free to deflect in any vertical plane. 

<1. Hinged or pinned enda. Deflection limited to one vertical plane, 

D. Flat or square end*. Tangents to axis of column, at ends, 
fixed in position (see />'), until rotation, at, ends, takes place, as in D". 

F.. Fixed ends. Tangents to axis of column, at ends, fixed in position. 

The two ends of a column may be differently arranged. Thus, one may 
be fixed and the other round; or one flat and the other pinned, etc. 
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Axial Loading*. 

16. The weight of the column Itaelf, whether vertical or hori¬ 
zontal, is here neglected. 


17. Let all dimensions be expressed in one and the same unit, as the inch, 
and all forces in one and the same unit, as the pound; and let 


a — area of cross section ; 
r = its least radius of gyration ; 

/ — ar- — its least moment of 
inertia ; 

T — distance from neutral axis of 
section to extreme fiber on 
concave side of bent col, 

L — unsupported length of col 'see 
*j 41). 

A' - length ratio, or slender¬ 

ness, of col; 


6, m, c coefficients, as explained 
below. 

P* -= load on column ; 
p* = p/a = av unit load on col ; 
t* — max unit stress j; -toss sec¬ 
tion , f 

«„ = elastic limit of material; 

« a = max unit stress m short col.; 
E -= elastic mjidulus of material ; 

*■ -= eccentricity of load, P\ Fig 5. 
d => deflection under load P Fig 1 b 
— max dist from line of pres to 
axis of col. 


IS. Killer's formula. See Fig 4. Let the column be slightly bent 
by a lateral force. Then the average unit load p, which will just suffice to 
hold the column m equilibrium, in its bent condition, is 


• (i; 


P . E ,. h E 

a A* \ J1 

For round ends, b = 1; for fixed ends, b = 4. For one r«/und and one 
fixed end, b is usualls taken between 2 and 21. 

Under au> less loud, or less K, the column will return to the straight 
condition. Under anj greater load, or greater A, the bending will increase. 
See 8. 


1W. For very long columns, Euler'i formula. *i 18, gives results 
agreeing well with experiment; but, for practical lengths, it gives excessive 
loads. See lines E t, E' e\ Fig 4. For practical lengths (if the column could 
remain straight and axially loaded', and down to short blocks, we should 
have, for the ultimate strength, p — P/a -= s e — elastic limit, and the 
diagram would be J b <• or J b 1 <■', Fig 4. See c Id. 

20. Hut, owing to unavoidable imperfections, columns of usual lengths 
are liable to lateral deflection, and the diagram therefore falls below the line 
Jbb'. See "Parabolic Formula,’’ *i 28. % 


21. Rankiue'N formula f for axially loaded columns of practical 
lengths. Fig 2. 

As in *i 17, let 

p ~ mean unit load on column; n =* max unit stress in cross sectn ; 
k = L/r = unsupported length -r- least rad of g> ration ; in =* a coefficient. 

22. In an anally loaded column, (f 2) while unbent, we have 

a = p = P/a , 

22. But, when the column bends, an additional unit stress, is thereby 
thrown upon the material on its concave side (see «! 6). ami we have, for the 
total unit fiber stress, a, on that side : 

a - p + *i « (P/n) + #i 

24. The bending moment, due to the deflection, d. Fig 1 6, of the column, 
is M « Pd. 


* Under anv given conditions, P and n are the total load and the avge unit 
load, reflectively, corresponding to the extreme fiber stress, a, existing 
under those same conditions Thus, P, p and a may be those corresponding 
to ultimate or safe or any other loading. 

t W. J. M. Rankine. "Civil Engineering, p 523. "Gordon’s formula.” 
attributed to Prof Lewis Gordon, of Glasgow, uses the least diameter, instead 
of the least radius of gyration, of the cross section. 
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25. As in beams, p 467, we nave, l'or equilibrium between the bending 
moment, M, and the resisting moment, R, 

M *= R ; or Pd - -Jj /. 

„ MT PdT dT 

Hence *1 = y = — 2 - - V f2 - 

, , dT /, , rf7'\ 

and « = p + st = p + p ^ = p | 1 ■+* j 

26. In a beam, p 481, for a given fiber stress, the deflection, d, is propor¬ 
tional to L 2 /T. Assuming that this is true of columns also, we have: 

d - m (L 2 /T) 

Hence, 

dT U T . 

*i = P • r 2 = P . m >p • r 2 ~ V m K- \ and 

8 = p (1 + m A’ 2 ) .(2) 

Hence. Rankine’s formula: 

P _8 1_ 

^ o 1 + w A' 2 1 + m A 2 . ^ 

j "\ 

K ' \" ,, .< 3 -» 


27. Ritter*gives m — 8 e /(b ^ E): and Crehoref gives m = */(b rr 2 Pi. 
For values of 6, corresponding to different arrangements of the ends of the 
column, see 18. 

For valuer of * and of 1/tn, commonly used in practice, and for 
diagrams of values of p/s = 1/(1 + m A 2 ), in columns of metal and wood, 
see Iron and Steel Columns, pp liX9, etc, and Wooden ColmntH, pp 1148, etc. 


28. Parabolic formula. J. B. Johnson.£ 

*e = elastic limit of the material; q = a coefficient. 

Ultimate strength t _ P = _ * e 7 »- 2 = 

(be per sq inch, 1 P a q n 2 E 8 

Ill, — P) t 2 Bv 


K 1 .... H) 


.(In) 

See also 


For values of q, see Iron and Steel Columns, «; 20,‘p 1197. 

Wooden Columns, II 6, pll46. 

29. Straight-line formula. For the sake of simplicity, with col¬ 
umns of practical lengths, we may use the straight-line formula: 


Ultimate strength, lbs per sq inch =* p -* P/a ** a„ — c K .<.*>) 

K - (»*—P>/c.(5a) 

For value* of *,, and c. assigned by Than. II. Johnson and others, 
see >ieel and Iron Columns, pp 1189, etc, and Wooden Columns, pp 1143, etc. 

The error, involved in the use of this formula, is probably much less than 
those inseparable from the nature of columns. 

30. Fig 4 shows a comparison of results by formula* for. 
? n upon, round-end mild steel columns, as 

follows:— For Euler’* formula, p is that unit load, in lbs per sq inch, 
j C « » JU8t “old, ,n slightly bent condition, a column of the given E 
and a. For the other formula* and for Tetruajer’s experiments, p 
is the unit crippling load, in lbs per sq inch. 


* Dach- und BrUcken-Constructionen, 1873. 
t Van Nostrand’s Magazine, 1879. 

?' rame d Structures. New York, John Wiley & Sons, 1893. p 160. 
9 Trans Am Soc Civ Engrs. 1882, Vol viii, pp 97, 113. 115: 1886, 
Vol xv, p 517. 









COLUMNS. 


498 s 



FI*. 4. 


/’ Euler, p = n 2 EIK 2 ; E « 

>•. #>'. Euler, v ■» » 2 A/A 2 ; A : 

// /(. straight-line, 

T I. Tetmaier, straight-line, 

./ j J. B. Johnson, parabolic, 

/»’ /. Rank’ne, 

It /Rankine, 


27,000,000 lbs per sq inch ; 

30,000,000 lbs per sq inch; 
p - 52,000 — 2«4 A'; 
p - 44.000 - 162 A;* 
p = 42,000 — 1.489 A 2 ;t 
g - 42,000; 1/m - 6000; 
a « 42,000; 1/m « 8000. 


KxperimentD. 

From Tetmujer * : (dimensions approximate) 

? 16 round bars, from inch to 1% inches diameter. 

102 experiments, covering angles. 4X4 ins, T-shape* 


.O/, X Ho ins. Each point represents the average of two experiments, 


* Mitteilungen der Materialprufungsanstalt am schweizerischen Poly- 
technikum in Zurich. Heft VIII. 1896. _ , , 

11.489 - ie 2 /* 3 b E - 42,000 3 /(9.87 X 30,000.000 b). For round endB, 
b - 4. Materials of Construction, p 363. Compare Iron and Steel Columns, 
1 20, p 1197. 
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31. T. H. Jobn ho n finds that, for all tangenta to Euler’* 
curve, the co-ordinates of the point (as h, Fig 4) of tangeucy, are : 

Abscissa, x = K\ = i 3 zjB/«„; Ordinate, y = p* = «g/3 ; 

where z = it 2 =* 9.87, for round en<ls ; z «* (5/3) »r 2 « 10.45, for hinged 

ends, and z =* (5/2) w 2 = 24.07, for fiat ends ; and s, — the ordinate of that 
point, H, where the tangent meets the axis of ordinates. 

Mr. Johnson takes E = 27 000,000 lbs per sq in, and a$ =» 52,500. 
Hence, in Fig 4, x = 123.3, and y = 17,500. 

32. Tetmajer gives the following values, x', for the alwtcissa of the point 

where his straight line meets Euler's curve , 

K x' 

Wood. 1,100.000 100 

Cast iron. 11,000,000 MO 

Wrought iron . 28,000.000 112 

Structural steel, soft. 30,000.000 105 

Structural steel, medium . 32,000,000 105 

Hence, m Fig 4, his straight line, T t, meets Euler's curve, E' e' (not. 
tangentially) at t, wheie K = 105. 

33. J. B. Johnson takes E — 30,000,000 ll>s jier sq in ; and his 

curve, J j, is tangent to Euler's curve, E' e', at the point where K = 120. 

For mild steel columns, with pin ends, he limits K to a max value of 150 

34. Stepped formula. J. R. Worreater. In view of the wide 
divergence in the strengths of columns, as found h\ the several formula? 
and coefficients in use, and of the similarly wide variation m the results of 
experiments, Mr. J. It. Worcester * considers it idle to assume a different 
value of p for each value of K ; and proposes a fixed value of p for a certain 
range of values of K. Thus, for compression members of structural steel in 
bridges he proposes (A r /12 -= L, in /<•#/, - r, in inches) 

for A/12 from 2 to 1, p = 13,000 lbs per sq inch , 

for A/12 from 4 to 6, p = 12,000 lbs per sq inch; 

and so on, with a decrease, in p, of 1000 lbs per square inch for each succeed¬ 

ing increase of 2 in the value of Kf\2. For steel columns, he gives (K/\2) 
> 10. Mr. Worcester's formula gives a “stepped" diagram, composed ot 
horizontal aud vertical lines. 


* TranH Am Soc Civ Engrs, Vol 54 p 417, June, 1905. 
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Eccentric Loading. Fig 5. 

35. Hitherto we have assumed that the column is axially loaded (see 
f 2) and, m considering inequality of distribution of stress in a cross section, 
Fig 2. with its resulting excess load on the extreme libers of the concave 
side, we have taken into account only that excess, s t , which is due to the 
defiectton of an axially loaded column. 

36. But it very commonly happens that columns are (accidentally or 
intentionally) eccentrically loaded ; and this eccentricity, e, brings, upon the 
extreme fillers on the side nearest the line of pressure, an additional excess 
unit stress, s«, Fig 5. If the column remained perfectly straight, we should 
have (see pp 467-8) # 2 “ TM/I - TPe/ar* = ( P/a)(Te/r 2 ) = p Te/r 2 ; 
an<l hence, in a bent column, (see Eq 2 , where *i ™ p ro A 2 % 

h = p + *i + *•_- = p (1 + m K 2 + .(6) 

and 


(7) 



Te 

r 2 


• (7a) 


where, as in 17- 

|» =» mean unit load on column ; e — eccentricity. Fig 5; 
n •=- maximum unit stress in cross section ; 

K = L/r « unsupported length least radius of gyration ; 

T di«t from neut ax of sectn to extreme fiber on concave side. 



Fig. 5. 


37. As a matter of fact, the deflection of the column, provided for in the 
term, m A' 2 (Eqs 6 and 7), slightly increases the eccentricity, e, of the load, 
(see Fig 6) anil this is neglecteil in the term Te/r-. Hence, the fiber stress, «, 
given by equation (6) is a little too small, and the load, p, given by equation 
(7). is a little too great; but the discrepancy is ordinarily regarded as negli¬ 
gible in practice. 
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38. For round end oolumnB, JT. 51. 5foncrieff * gives: 


P _ ■ 

P ” a ' Te / 4H E + p ~X? \ 
r* \48fi—SpKV ' 

a- _ J 4 “ 8 ^ rrr. 

Y 5 » + p ffe/r* — 5) \ p V 

SO. Let 


..(8! 

■(8a) 


M = P e, Fig 5, = moment of an eccentric load, P, about c; 

/ *=* moment of inertia of cross section ; * 

T — distance from neutral axis to furthest fiber ; 

A' = J/T =* section modulus of cross section in direction of bending; 

# 2 = maximum fiber stress due to eccentricity only. 

Then 

* 2 - .V T/I - M/X .(9) 

40. With columns supposed to be axially loaded, the loading is, in fact, 
very generally more or less eccentric, and to an unknown degree; but where 
a load is applied at a point at or beyond the edge of the column, as in Fig 5, 
the eccentricity is so preat that unavoidable uncertainties, as to it-, exact 
amount, become relatively negligible, and Kqs (7) and (7a) ma> be used 
with some confidence. 


41. If averylonp col be so braced at intervals us to prevent, its 
bending at those points, then its length becomes virtually diminished, ami 
its strength increased. Thus, if a column 100 ft long be sufficiently braced 
at intervals of 20 ft, then the load sustained may be that due to a column 
only 20 ft long. 

Caution**. 


42. Cast iron columns are subject to blow holes ami to other hidden de¬ 
fects, and are easily broken by side blows. Columns of all kinds are subject 
to jars and vibrations from moving loads. It very rarely happens that the 
pressure is equally distributed over the whole area of the pillar; or that the 
top and bottom ends have perfect bearing at every part. 

43. In column tests, exceptionally high results may occur where the 
conditions happen to approach the ideal. 


♦ Trans Am Soc Civ Engrs, Vol 45, p 349, lune, 10DI. 
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SHEARING STRENGTH. 


Shearing or detriiMion occurs when a body is acted upon by two 
Op|M>Mte forces in parallel ami closely adjacent planes, tending to slide some of 
the particles over the others. In Fig 1, the two forces are (1) the downward 
pressure of the wel K ht, W, and (2) the upward reaction of the support, A. 

In Kingle alien*. Fig 1, the shearing area, a, = the section g g. In double 
shear, I-lg 2, a ~ g >, -f o o = 2 X 9 9- l» Fig 3, a = 6 X cross section of 
piece. In I*ig 4 (single shear), a = section r. c. In punching rivet holes, 
a = circumference of hole X thickness of plate 
In any case, if S = the ultimate unit shearing stress, Shearing strength =* S a. 



Ultimate unit Nhearing stress, S, in lbs per sq inch. The following 

figures indicate the range of values of S in metals ami iu timber. 

Metals. Wrought iron, 35,000 to 55,000; cast iron, 20,000 to 30,000: steeL 
45,000 to 75,000; copper, 33,000. ’ , ’ ’ H 

\\ itil the gram, Fig 4. Across the grain. 

{ Spruce 250 to 500 3,250 

White pine “ 2,500 

Hemlock “ “ 

Yellow piue . 4,300 to 5 600 

Oak 400 to 700 . 

White oak . 4,400 


TORSIONAL STRENGTH. 

Torsion occurs when a body is acted upon by two couples or moments of 
contrary BenHe and in different planes. Thus, torsion takes place in a brake 
axle when we try to turn it while its lower end is held fast by the brake chain ; 
and in shafting, when it transmits the motive power of an engine to tools. Sup¬ 
pose such a body to !>c divided, by cross sections, into layers. Then each layer 
tends to shear across from those next to it. Hence, in o'rdei to maintain equi¬ 
librium, each two adjacent layers must exert, in the cross section between them, 
an internal resisting moment equal to oue of the two external and contrary 
torsional moments. 

RetdHtinp moment in a circular cross section of a cylindrical shaft. Let 

F the torsumul force of one of the two external moments.in pounds; 

I = its leverage, == its distance flow the axis of the shaft.in iuches; 

M P / * external or torsional moment.in inch-pounds; 

T : distance from axis to farthest fibers, — radius of shaft.in inches; 

I» diameter of shaft, = 2 T.iu inches; 

S - unit shearing stress in farthest fibers.iu pounds per sq inch ; 

t — distance from axis to any given fiber...in iuches 

•* - unit stress in said given fiber.in pouuds per square inch ; 

o ^ area of said given filler.in square inches; 

F - total stress iu said filler..in pounds; 

r - resisting moment of said fiber about the axis.in inch-pounds; 

K -* internal resisting moment of the entire cross section 

-’Sr = sum of resisting moments of all the fibers.In inch-pounds; 

«P=» polar momeut of inertia* of the cross sectiou 
=- momeut of inertia of cross section about the axis of the shaft 
*■* 2 f- a, =-» the sum, for all the fibers, of fi a ....in inches. 


* In any figure, the polar moment of inertia, I p , Is = the sum of the greatest 
and the least moments of inertia of the same figure, about two axes lying in the 
figure and intersecting in its center. In a solid circle, each of these is a moment 
of inertia about a diameter, and ia — ir T* -t- 4. Hence, in such a circle. 
Ip - ir T* -t- 2. 
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Then the unit stress, in any given fiber, is « =* S t -t- T; its total stress, F, is 
= «j = Soi + T; and its resisting moment, r, is — F t - K o t* -5- T. For 
equilibrium, the internal resisting moment, It, of the entire section, must be — 
the external torsional moment, M. 
lienee, for the Internal Kesisting moment, R, we have: 

K — M --Sr-SSttP-i- T = (S - T) 2 t 8 a -■= (S -i- T) I p . 

Hence, also, S — M T -s- l p ; M == S 1,, T; and P — M — / = S I p -5- (T /). 
In a solid circle*, 1„ - it T* -r 2. lienee, K 2 M T -r- (it T 4 ) — 
2M + (» ; M = 8*T*t 2| P - fc> ir T» -r (2 /); and 


Diameter, D, 


2 T — 2 X 


8 >2 P l 

\«8 



8 M 

Vs- 


For approximate ultimate values of S, for torttion, use the 

values for shearing, p 499, with safety factor* from 5 to 10. 

Horn power of shafting. In one revolution, the force, P fits, de¬ 
scribing a circle with radius / ms, does a work 2 ir / P inch-lbs, and, in n 
revolutions, work — 2 rr l P n inch-lbs. If n be tbe number of revolutions per 
minute, the horse jtower is: 

H = 2 it l P w - (12 X 33,0001 = 2 ir M n T (12 X 33,000); 
or, since P l = M = R -• S l p -f- T, we have: 

H = S w n I p -I- (12 X 16,500 T); and S - 12 X 16,500 T II -r- (tr n I p ). 

In a stolid cylindrical *haft. I p ~ n T 4 — 2. lletice, 

H = 8»»i T 4 -i- (12 X 33,000 T) - S n- r n T 3 (12 X 33,000); 

S = 12 X 33,000 H -f- (#s n T») - 12 X 3,343 H -r (n F); 
n — 321,000 H -i- (D 3 S): and 


Diameter, D =~ 2 T - 2 x 


3 12 » 3,343 H 
\ S n 


3 1321,001) li 

\ 



Tbe hiffaer the speed, the lew is the force, and hence the leu 

Is tbe strength of shaft, required in order to transmit'a gireii horse-power; but 
if the speed is increased by increasing the torsional force, tbe horse-power 
transmitted is thereby increased also. 

Example. Given, a wrought iron Bhaft; let S = 6,000 lbs per sq luch; 
P = 7,500 lbs; l = 10 ms; M — 75,000 incb-Ibe. Required the diameter, D. 
Here, D * 1.72 X f * 1.72 X f 757000 '+" 6,000 ** 1-72 x t U 5 =** 

1.72 X 2.32 = 4 ins. Let the horse-jsiwer, H, - 25. Then n - 321,000 H 
(I>* 8) ss 321,0 00 X 2 5 -r (4 3 X 6,000) - 21 revolutions per miuute. Checking, 
D — 68 X -h (Snj - 68 X f 25 (6,000 X 21) = 68 X 0.058 - say 4 inches. 

Rectangular Section*. The foregoing equations are based upon the 
assumption that the stress increases uniformly from tbe axis of the abaft out¬ 
ward. It haB been shown (notably by St. Vetiant*) that this assumption is not 
applicable to square and rectangular sections. In a rectangle, lei B — the longer. 
h ~ the shorter side, and c -■ b ■+■ B. Then 8 — M (8 + 1.8 c) (B b 2 ); and 
P — 8 B fc 2 f(3 -f 1.8 c) /]. In a square, with side — b, this becomes: S ■■ 
48 M -t- b 8 : M — S 6 3 -f- 4.8. P - S 5* + (4.8 /). 

The angle of tondon is that described by one of the external torsional 
moments, relatively to the other. Within the elastic limit, this angle Is pro¬ 
portional to the torsional moment, M, and (assuming l constant) proportional 
to tbe force, P. Other things being equal, the angle is pro|»ort ional to the dis¬ 
tance between the planes of the two contrary external moments, and, in a solid 
cylindrical shaft, is inversely projiortionai to l> 4 . It is inadvisable to allow 
tne angle of torsion to exceed 1° in a length - 20 diameters, in shafts revolving 
in one direction. In reciprocating shafts allow still less. See Fatigue, p 465. 

Practical ConNiderationB. in many cases the diameter oI the shaft 
must {>e made greater than that required by the foregoing formulas; ns in a long 
shaft, in order to keep the angle of torsion within permissible limits; in fly¬ 
wheel and other shafts, carrying considerable landing loads in addition to tbe 
torsion; and, in most cases, to allow for additional moments due to alternate 
acceleration and retardation. 


, *6ee Treatise on Natural Philosophy, by Kir William Thomson and Peter 
Guthrie Tait, Part II, New Edition, Cambridge, 1890, pp 236, etc. 




HYDROSTATICS. 


601 


HYDROSTATICS. 


fluMs*at reat Hy< * r °* <ftt * C ** tr «' 1 *** °I (he pressure of water and of other 

H A l “"7 * lTe " PO**** wi ‘hin a fluid the prewsnre let equal In nil 
direction. : and the pressure against any iminl of any surface whether 

SiS?}'.' * urf “* e <" r tu * P'““ e 

poTru be!i(w*?he*waTer°.urface. of 

Preaanre againat »ny plane wurfaee. 

Let 

a - the area of the pressed surface; 

the f^sur'Eof SStJ; 0 " ^ ° f the preS!ed " Urfa “ 

H = the total depth of the fluid; 

«’ •= the weight of a unit volume of the fluid ;* 

V - the menu unit pressure on the pressed surface; 

P -- the total pressure ou the pressed surface; 


rrns?\r 

I f-J*! ' \\ 

II • _1 - 1 .\\ 

I _L_ P . *Y 



«W 

rig. i. 


Then the mean unit preaanre, p, is equal to the weight of a prism of 
the fluid, whose base is -= 1, and whose length is = A; or 
p — hip \ 

and the total preaanre, P, is equal to the weight of a prism of the fluid, 
whose base is —- a, aud whose length is ~ A. Or 
P = u A ir = a p. 

In the diagram* of Figs. 1 aud 2, the ordinates (supposed to be drawn 
from, and normally to, the pressed surfaces respectively) represent the unit 
pressures (as in tbs. per sq. inch, kilograms per sq. centimeter, etc.), and the 
atea, opposite any given surface, represents the total pressure on that surface. 
Thus, in Fig. 1 {«), the uuit pressures at n, at o', at c and ato, are represented 
b y n ( J Oli hy o' o', by c & and by o q respectively; and the total pressure 
on no is represented by the area n o q, that on n o' by the area » o' q', that on 
o o hy the area oq\ and that on o' c by the area c o'. 

The center of prefumre upon any surface is opposite the center of 
gravity of the area representing the total pressure upon that surface. Thus, in 
Hgs. 1, the center of pressure ou no, is opposite the center of gravity of the 

triangle, n o q, or at a depth, d, ~ H, below the water surface. See The Center 
of Pressure. Arts 8, etc., also 133 etc., of Statics. 

The hydrofttatlc paradox. For a given depth, A, both the mean unit 


•For water, xo — about 62.' Ibs. per cub. ft., = about 0.0362 lbs. per cub. inch. 

37 
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for miles, m Fig. 2 (6), the excess of weight of water, ovei that in Fig. 2 (a), 
is carried by the lower sloping wall of the vessel. The total pressures, r, upon 
the equal bases, a b and a' b' t Figs. 2 (c) and (d), aie equal. In Fig. 2 (o), the 
total pressure upon the base is greater, and in Fig. 2 (</) less, than the weight oi 
the water; but, in either case, the algebraic sum of all the vertical pressures in 
the vessel (upward pressures taken as negative) is = the weight of all the water 
in the vessel; and the algebraic suiu of all the horizontal pressures is - 0. 

Thus, let the lower part of Fig. 2 (<•) represent a cubical box, 8 feet on a side, 
and filled with water. Now let the tube, » o, 36 ft. high, and of 0.287 inch bore, 
be filled with water. The water in the tube alone, although weighing only about 
1 pound, will cause an additional buruting pressure of 2250 lbs. per souurc foot, 
or say 384 tons total, to be exerted upon the top, bottom and sides of the 1k*x. 



Air prmare on water warfare. In addition to the pressure of ihf 
water itself, the free surface of any body of water sustains also the procure ol 
the air, = about 14.7 lbs. j»er sq. inch. This pressure (transmitted through the 
water to the walls of the vessel) is indicated by the diagrams (parallelograms) 
(narked “air" in Fig. 2 (l>). In most cases, the pressure against a mu face, due 
to the air pressure on the water surface, is counter-balanced by an equal pressure 
of the air in the opposite direction, as against the outer sides of the walls of the 
vessels in Figs. 2, and against tho down-stieam sides of the dams in Figs 1. 

Strictly speaking, the air pressure, exeited directly against the walls. Fig 2, 
or against the dams, Figs. 1, being exeited practical!? at the centers of gravity 
of those surfaces, and therefore at lower elevations than the opjHiMte pressure 
due to the air pressure on the water surface, is a very little greater than the 
latter. In a dam 100 Ft deep, this difference would amount to about 0.027 lb per 
sq inch, = 0.0018 atmosphere. 

Braces for daniM. '1 he water pressure being normal to the pressed sur- 1 
face, the posts, Fig. 3, must also lie normal to the surface, if the? are to receive 



FI*:. 3. 


that pressure longitudinally and thus avoid bending moments; but other con¬ 
siderations may forbid their being so placed. Thus, if the face, I), of the dam. 
is nearly vertical, the posts would have to be made inordinately long; and 
their consequent weakness, as pillars (unless made inconveniently thick) might 
more than offset the advantage due to directness of pressure. Moreover, the feet 
of the down-stream posts would project beyond the crest of the dam, and would 
thus be liable to injury by ice or logs, etc., tumbling over the dam. 

Inasmuch as the pressure'increases uniformly from the water surface down¬ 
ward, the posts are usually placed closer together near the bottom than near the 
top, although the shortness of the lower ones renders them stronger as pillars. 
Similarly, the hoops on tanks, If of uniform Ntrengtb, are placed closer together 
near the bottom. 
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Horizontal and vertical component*. In Figs. 1 (ft) and (c), the 
force triangle (Statics,46, etc.) gives us the horizontal and vertical components, 
L and V, of the total normal pressure, I*. Or, if n o he taken, in each case, as 
representing the total normal pressure, V, by scale, then H = the total hori¬ 
zontal pressure. In Fig 1 (a), with pressure against a vertical surface, 
L = P, and V - 0. 

In Fig. 1 (6), the vertical component, V, presses the wall downward against its 
base, but in Fig. 1 (c) it tends to uplift and overturn it. 

The depth, II, being the same m each of the three figures, Figs. 1 a, b and c, 
the vertical projections of the three submerged surfaces are equal, and hence the 
total horizontal pressures are equal in the three cases ; but the horizontal projec¬ 
tion, and consequently the total rnticul pressure, vary with the Inclination of 
the surface. Thus, in Fig. 1 («), the horizontal piojection and the vertical 
pressure are each — 0. 

Pretwures in cubical and other ve**el*, fall of water. Let 

F — the weight of water contained in a prismatic vessel; and / = * =* the 
weight of that in a conical or pyramidal vessel of the same base and height. 


In a cubical vessel, pressure on base = F; pressure on one side = — ; 
pressure on base and four sides together = F -f 4 * ~3F. 


In a conical or pyramidal vessel, pressure on base --- 3/ - F. 
In a spherical vessel, total pressure — 3 X weight of water. 


Art. 2. l T nequ»l pressure in opposite direction*. In Figs. 

4, let no represent the edge of a parallelogram, whose top coincides with tbs 
water surface, and whose bottom is paiallel with that surface; let a = the area 
of that portion, n' o, which is subjected to pressure on both sides ; and let H and 



h -= the vertical depths of the center of gravity of n' o below the two water 
surfaces, n and «' respectively. Then, in each Fig., the large triangle, n o q, 
represents the sum of the pressures of the deeper water on the left against the 
entire wall, « o ; the trapezoid, m o, represents the sum = a H tr, of the pressures 
of the water on the left against «' o; and the smaller triangle, n'o q', -n'oo", 
represents the sum, ~ a h ir, of the pressures of the shallower water on the 
right against the portion, n' o. Then the parallelogram, m q" represents the 
excels of pressure, from the left, against the portion, n' o. This excess, due to 
the difference, II — A, lietween the two levels, is vniformli/ distributed over n'o, the 
uniform excess unit pressure being represented by the ordinate n'm — q* q. 
The total excess pressure, represented by the parallelogram, mj" = aHw- 
a hw — (H — A) a tr, is therefore proportional to H — A. 

The pressure coining from the right against the portion n'o, and represented 
bv the triangle n'o q\ is balanced by an equal portion (represented by the 
triangle n'o q") of the total pressure, mo, from the left against the portion 
n'o; and the centers of these two pressures, each being at a depth =-- % n'o 
below are opposite. Hence thexe two pressures are in equilibrium. But the 
center of the excess pressure, n'o, from the left, is opposite the center of gravity 
of the parallelogram, n'f, or at the center of gravity of n'o. Hence the portion 
n't., considered independently of w'w, is acted upon hr the unbalanced fore* 
n’q, coming from the left, acting through its center of gravity and therefore 
tending to move it bodily toward the right, without rotation. 
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a Thig will be understood by means of Fig 5 which uiay represent Are 

.—I planks, I, 2, 3, 4, and 5, forming a dam, and seen endwise, eucli onel ft 

625rS-J 1 ih depth, and say 20 ft long her, making the area of each serf pleased, 

equal to 20 sq ft. The pres lu tbs against each separate 20 sq ft of urea. 

1 Q*7 f, ifn calculated by the rule in Art I, is Bhowu iu the ilg Now, the outward 

- =■ •£]" n pres against'the uppei immersed 20 ft area, or that of plunk 3, is ,:12 j lbs, 

r -**|— - V.rtc while the couuter-pres against it troin the other side is 62ft lb-*, making 

3 1#3 w the excess of outward pres equal to .1126 — 625= 2500 lbs. Agaiu, at the 

—4— lowest plank, uumlier 5, the outward pre» exceeds the iuward one by 

•^3Xfi—HA. *—■ ° - 561,5 — 3, ‘ 25 = 2500 * &m,: M lu l,ie u PP er one Andl Bu,,f tt,l >‘ utber 

=3 I rl- equal area of surf, at any depth whatever; the excess depending upon the 

5fl2£ J r *_3125 vert height of nt n, will be equally distributed over a b. It only remains 

3 SE to show that the total excess of outward pres ogaiugt « b. is equal in 

-tj L () amount to the wt of a uniform columu of water with a base equal m area 

r to a b, and with a height equal to in « * Thus, we have seen that iu the 

T7j|I instance before us, the excess amounts to .1 times 2 jOO lbs, ot to 7.AK) lbs. 

J 1 Now, the wt or the column of w.iter will la* 60 (or area ol al.< X m h (or 

2 ft; X >2.5 lbs - 7500 lbs; or the same as the ex<ess pres ou is b 

The excess of pres agaiust the entire side * b, over that against no, 11 
vldeutly the diff between those two pressures calculated respectively by the rule in Art 1. 

Apt. 3. Stirftwes, vert, as ft in c *,n n o 1, Fir 6. or otherwise, of 
>qnal widths, b m, a n ; commencing: at the level, ft « n in. of 
the water, but extending; to diff depths, jm r, no, measure<l 
pert; and having the same inclination to !h«* surf of the 
water; sustain total pressures proportional to the squares 
>f those depths. 

In Fig 6 . let the two vert sides, a no t, and b m c t. of a vessel, 

, have the sam, width a n, itud h m . then if the depth m .. be 2 , J. 

k a 4 Ac times greater than the depth n u. the pn-s against the -urr 

J 4 ---r-N. b m. s w ill be i. a, 16. 25, tic. times greater than that against a a ot 

Vv - [\V 1 his w ill be seen b> referring to the pressures ligured »•» the left side 

NX „f Fig 5, where, as stated iu Art 2. the surf of pluuk 1. exposed to 

W\ ores ou the lert side, is 20 sq ft, that »r planks I and .. 40 sq ft, 

I that of planks 1. 2. and 3, 60 sq ft. Ac til these sorts commence at 

8 '4 the level of the water, and all of them being vert are of eourse at 

A p- 1 lht . , :unc inclination with the water surf, but their depths arc re 

r \ h V r spectivelv 1 . 2 , aud 3 ft The pres against the surf of I Is 62 > lbs; 

\ / Ktill t Ul against the surf of 1. 2. is 6 >5 4- 1H75 = 2500, and that against 

N-Sr' * the surf of 1,2. 3. Is 625 + 1875 4* 3l2o = 5625 Hut 2 .XM 1 is four tunes 
82ft, aud 5625 is nine times 62 j. And the pres again-.t the entire 
,urf s 6 . (which is 5 times as deep as plank 1 .) if* 25 times as great. as that against plank 1 , or 

125 X 25 ~ 15625 lbs = the sum of all the pressures marked on the left side of r ig .> 

TMs follows, from the Rule in Art 1, for twice the area of surf, mult hr twice .be ver> dejuh of the 
sen of ^rav below the surf, must give 4 times the pres, three times the area, bv three limes Urn d. 1 tli, 

"* 1 *follows, ai» 0 *that at any particular point, or against any given area placed at TS ^' 2 “‘‘ t 
pres will increase simply as the rert depth thus, if there be three ft he r« 

;he same positions, but with their centers of grav icspectively M.1(1, and 24 ft below the surf, the prea 
igalnst them will be respectively as 6 , 16. and 24 . or as 1. 2, and •. 

Art, 4. The pressure of quiet water, in any one fciven di- 
reetion, against any given plane anrface, »lwthrr ''-itical, Ininziintat or im-lini'ii, 
I, niiii t/i the weifflit of a nrismstic column of water, the area «f whose section, parallel to it* aw . 

s equal to the are! of the projection of the given surface taken at right angles ' o l6 * w 

and whose height is equal to the vertical depth of (he center of gravity of the given surface Mow 
the upper surface of the water. Hence the 

A Rule To find ihe pres in lbs. mull toother• t»• ar*a 

m VT^ — ”1 « "> IW |T 0 je,:tlon Bta at ri«lH ■!» « 

\Nj i\ vert depth in ft or the cen of grav of the pressed surf Mow the upper sure 

V^>H=- of the water. ami the constant 82.5 lbs wt of a cub ft o water. 

V \ I® KX. Let m c s n. Fig 7, be an inclined surf, sustaining the pica « f 

XA ■ which is level with its top m c Then the total pres against m c i s, and at 

Fifl 7 SrSto irirtfu merely a n iimttem^floJlTon of the present one, applt 

A *11 f cable to the case of totai pres against any surf. 

Rut if it bo read to find only the vert or downward pres 

Again* t me* n^Jnpound*, mult to K ether th« an-s of the »‘«r projeetlun *»cn 

depth of the cen of grav of m e .i in, * . f . roU , Arl ,. while 



■„ 1 At any given depth, the pree, perp to anv given wf, ie the um 
a"“directions f but Fife 7 and 8 ehow that the total pro* •*“**•“• **”“ 
arl will be lees than the perp on# at the earn* dqxh ; becauee an' 


' re «nrf will be lees than the perp one at the earn# d *p th . : . J*.. a ?he*orofaoSM 

iH 3 a gm* ft’s!*! 

Ming side, siaass, Fig 7 U mv-w *h“" either the vert or the b-*r pres upon It. 
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Again, let Fig 9 represent a conical vmel full of water; « 

it* bane b c, 2 ft diam; its vert height u n. :t It, then the circumf of the base will be r 

6.2832 ft, the area of the base 3.1416 sq ft, the length of its slant side a b or a c, 3.16 /i 

ft, the area of its curved slanting sides will be 1 = 9.23 sq ft; and the j 

eert depth or the oen of grav of the slautiug sides will be at two thirds of the vert “ £ 

height a n from the spev a, or 2 ft. - 1 *- 

Here, to Und the total pres against the base, we have hj rule in Art 1, 3.1116 X 3 -|tp . Q 

X 62 5 - 589 05 lbs. For the total pres agaiust the slaut sides. by the smut' rule, JjlO, V 

9.93 X 2 X 62 5 — 1241 2.1 lbs For the vert pres upward agaiust the entire aiea of the ® 

slant sides, we have given the area of the base (which is here the hnr projection of 
the Hlaut aides) - 3.1416, and the vert depth of tbecen of grav of the slaut sides, 2 ft. Therefore, 
3 1416 X 2 X 62.5 - 392 7 lbs, the upward vert pres. 

Finally , for the lior pres in any giveu direction against the slant Bides of one half of the cone, we 
have the vert projection of that hail, represented by the iriitugle a b c, with Its base 2 rt, and its perp 
height 3 ft, and consequently. with au area of 3 sq It The depth of its ceu of grav is 2 ft i therefore, 
3 X 2 X 62.3 r 375 lbs, the reqd hor pres.* 
lu Kig Id, which icpreseuts a vessel full of water, the total pres 
against the s> nil cylindrical surf a v emdk. aud perp to it, must be _ T 

also hor. because the surf is vert, but inasmuch as the surf is curved, “ _” 

this Lotul pies, as found by rule in Art 1, acu against it in rnauy di f \ 

rectum*, winch might be represented by an infinite number of r»dli ( ; \ q ; \ 

drawu from o us a oeuter But lot it be reqd to Dud the hor pres in J*"!.” n j \ 

DEm. iu one direction only, ssv parallel to o t, or perp to ad', which N S«1 \ Q. ; \ 

would he the force tending to tear the cuived surf away from the flat ! -i--^C 

sides abut, aud d ct k. by producing fractures aloug the lines a v 
aud d k , or winch would tend to burst a p»|>e or other cylinder. In | ; 

this ease, mult together the area of the vert projection a d k »• iu sq j J ; 

ft, tlid depth of the con of grav of the curved surf in ft, (which, in .-j ...j.— -ijl 

the semi cyliuder would lie hair of s m. or of o i,i and 62.5 Since <"* \ •. ; 
the resulting pres is resisted equally by the strength of the vessel ; 

along the two hues « v aud d k. It Is plaiu that each singlethlcknejs \ \ 

aloug those hues need only be sufficient to resist safely one halj of it. '-j K _\ 

and so to the oa»e of pipes, or other cylinders, such as hooped cisterns § 

or tanks bee Art 17. IS 0* Hr 

Should the pres agaiust only oue half of the curved surf, as e ft m k -% 

he sought, aud in a directum parallel to o d, tending to produce frac¬ 
tures along the lines « m, aud cf k, then use the vert projection oemt, with t le same depth. and 62.5 
as before 

It follows, that if the face of a metallic piaton be made oonoave or convex, no more pres will be reqd 
to h-rce the piston through any dist, thau if it were flat, for the pres against the face of the piaton, 
in the directum iu which it moves, must be measured by the area of a projection of that race, taken 
»t right angles to said direction , and the area or said projection will be the same In all three cases. 

Rkm 2. II a bridge pier, or other eonfttrnction. 

Fig 10 '/L be founded on Maud or gra\ el, or on any kind of im 


, with t le same depth. and 62.5 


r ig iu %. ur raniim-H*n "««“ »* g«i»»r.,uivu«uj»...- v. — 

foundation through whtoh watei may flud Its wav underneath, eveu In a very thin 
sheet, then the upward pres or the water will take eflect upon the pier, and will tend 
to lift it. with a force equal to the wt of the watar displaced by the pier; (Arts 18, . MM . 

1H lu other words, the effective wt of the submerged portion of the pier, 

will be reduced 6.'^ Bis per cub ft; or nearly the half of the ordinary wt of masonry, nniuii.ti.tu.iiiut.mt> 

R ='° 2 

to hold u down, and thu. Inoreaaa IU inMUtJ) 
a hioh, l„ q mrt - aior, .11) than -otiialij bo greater than on land. 

Art, 5. To divide R reetaiiKliIar surf. 

whether vert on " brd, or Inclined nn A -n 

m n <,l ilt 11. whose top a b or tu tt IN /T / \ . 
level wits the Ntirf of the water, by a |„;SjnX V 
hor line r a, ««rh that the total pres ,jx \ s ' \2 

against the part above said hor line. 1 • : i) _ b .x \ 

shall eqnal that against the part be- 2 x\' " 

one bait ef tbo Imgtli ol t o. ».f.» tbeoare c ^- p 

mav be, by the oonsunt uumber 1 4142. the prod will be 6 2, 

Let 1 c= II It. The. 6 X l.tWrMSt «. « » «• FtO H 

L.I m n ~ 18 fL Tluo« X 1.4I« = It Sl.NSft, •>'”» ,J 

Rkm. The line x 2, Ihua found, muat not be coufounded with 

the crHOfpret which U etillrelv dlfl See Art “ j 

„ rprinnwolar sort, whether t ert as a b cd, or In- 
Art.B. is a raaiaia* — h ose lo„ ah or m n coincides with 

the n Mirf of the walenIn mid any number »i pplnU, a. 1 1,2. *e. 
the Mirtortne wan r. »N 1», 2 JT. Ac, he drawn, they will 

d&me^tenNU^ni, on, nailer ree,an«leN. all of wh.eb 

shall ,n«.ar,. equalp-NU^.^ ^ ^ ^ w t4> ^ mnll 

■Jiai Tatetbiw ntt Uuprul. M.lltbt. «!n b, lb....IreI...O 

•in a sphere fllln.l wlM. a flniJ tie total inaida prea =3 tlmM wt of Sold. 


1 / \s 

■ x' —-Y-- 
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I cor mp, a* tbeoase may be. Div the prod by the number of rectangles. Tbe quot will be the dirt 
41. or n 1. as the case may be. 

For the dill b 2, or n 2, prooeed id precisely tbe same way, only instead of tbe number 1. use the 
number 2 U> be mult by the number of rectangles - and so use successively the numbers 3, 4, 5, Ac, 
if it be reqd to Bnd that number of points 

Ex. Let 4 c = 10 ft; and let it be reqd to find 2 points, 1 and 2, for dividing the rectangular surf 
abed into .1 rectangular parts, which shall sustain equal pleasures. Here we have for point I, 


“ 5.773 ft ~ 6 L 


1X3 = 3 The sq it of 3=1 732. And 1.732 X 10 (or 6 c)= 17 32. And - 17,32 _ 

3 rectaugles 

For poiut 2, we have 

2X3 = 6. The sqrt of 6=2 449. And 2.449 X 10 (or 6 c) = 24.49. And 21 —-=8.163ft=62. 

3 i cot angles 

And so for any number of poiuts. 

Rem. 1. This rule will be found useful in sparing the cross¬ 
bars of lock-gates; the hoops around cylindrical cisterns: 
and the props to a structure, like Fig 3. 

Rem. 2. For dividing any surf, ns o b c <1, Fig 12. which is not 
rectangular, in the same manner, 

wttb au accuracy sufficient fur most practical purposes, per 
baps the following method is as convenient as any. 

Rulb. First div the surf, as lu Fig 12, into several small 
hor parts, equal or Dot. at pleasure. Then by Rule in Art 1, 
find tbe pres on each part separately, as is supposed to be 
done in tbe uumbers on the left baud of tbe Bg The sum of 
these (in this case 15510) la tbe total pres against the eutire 
surf o b c d. Now suppose we wish to dh this surf lu 4 pints 
beariug equal pres; Brat div 15510 by 4 = 387H, Then begin¬ 
ning at the top, add together a number of the separate 
pressures sufficient to amount to 3*78, by this mean* flud 
poiut 1. Then proceed wub the addition until the sum 
amounts to twice 3878, or 7756. which will indicate point 2, 
and in the same manner ilnd poiut 3. by adding up to three 
times .1878, or 116.14 Then the hor dotted line*, ruled through 

G inu 1, 2. aud 3, will give the reqd div imous appio\imately. 

this manner the hoops of conical, and other shajied ves¬ 
sels, may be spaced nearly enough lor practical purposes. 



Art. 7. The transmiftNion of pressure through wntcr. War 
ter, in common with other fluids, possesses the important 
property of transmitting pres equally in all direct ions. Thus, 

suppose the vessel, Fig 13, to be entirely closed, and tilled with water; 
aud suppose the transverse area of T.C. I), and K.tobe each equal to one 
sq inch. Then, if by means nf a piston, or otiicrwise, a pre» of 1 lb. I 
ton, or any other amount, be applied to the one sq inch of area of T, 0, 
D, or K, every sq inoh of the tuner su-f of the vessel, and of the pipe a, 
will Instantly receive, at right angle* to itself an equal pres of 1 tt. or 
1 ton, Ac, In addition to the pres which it before sustained from the 
water itself, and this will oocur if the vessel consist of parts even miles 
asunder; as, for initanoe, if T were miles distant from K ; and united 
to It by a long series of tubes. If the vessel were a strong steam boiler 
full of water, a single pres of a few hundred pounds at T, C. Ac, would 
buret St. See also Fig 2 (c) and paragraph above it. 

The hydrostatic press acts on this prin¬ 
ciple. Any body, within the venuel. would also rm*jv# 
as equal additional pres on each sq inch of its surf. 

If the top of T be open, the air will press upon the sq inch nf the exposed surf of water to the extent 
•f nearly 15 ttii; and the same degree of pree will also be transmitted to every sq inch of the interior 
surf of the vessel, and Us connecting tubes; but no danger of bursting will result from this attno- 
iphertc pres, because the air also presses every sq inch of the outside of the vessel to the samp extent 

Air, and other gaseous fluids, transmit pres equally in all 
directions, like liquids; but not at* rapidly. 



Fig. 18. 0 



Fig. 14. 


If, so as to serve as a binge 


Art. 8. The center of pressure. Let Fin 14 

represent a vessel full of water, and suppose the side P to be perfectly 
loose, so a* to l»e thrown outward hr tbe slightest pres of the water from 
within. Now. there Is but one single point. P, in every aurf so pressed, 
no matter what it* shape may be to which If we apply a foroe equal to 
the pres of the water, and in a direction opposite to said pres, the side P 
will he thereby prevented rrom yielding Such point is called the cen¬ 
ter of pressure, it must not he understood by this that the actual 
amount of pres of the water against that part of the surface which is 
above the hor dotted line passing through P, is equal to that of the water 
below said line; but that the sum or the products of the several pressures 
above it, mult by their several leverage*, or vert diets from P, is equal 
to the sum of the products of the pressure* Immow, mult by thelt lever¬ 
age* ; or, in other words, that the sum of the moments around the point 
P, of the pressures above the line, is equal to the Mini of the moments 
of those below it; so that If a hor Iron rod ft A were passed entirely 
through the side P. at the same level as the dotted lln<\ as shown In tie 
for the side P to turn on. the side would have no teudminy to turn. 
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Art. U. /« And the cen of pres of a quiet 
fluid, ag-ainat a plane surface. Fig 15. 

1. Tbn renter of pressure of a quiot fluid against ivuy plane surface 
whose width la uniform throughout its depth, whether said surface be 
Vertical, ns e n, or iiicliucd, a. ca, (or iiiclined iu the opposite direction:) 
and whose top c, or e, ooiucideg with the hor water surf, is distnnt vert 
below the water surf, two-thirds of the tert depth, a a 1 , from said water 
surf to the bottom or the plane, as at n and t. Inasmuch as a hor liua 
at % of the depth of ex, intersects both ca and ro at % of their leugtha 
respectivclv, we might say at once that the ceuter ol pics against a plane 
p irallelngrnni, with its top at the water aurlaci, is at two-thirds of Its 
length below the wuter surface. 



Fig. 15 


Throughout Art 9 any measure, as yard, foot,or inch 

Ac, may Ihj used. 

2. But tr the hor top a, or o, Fig 18, of the rectangular plane ag, or 
o h, ne covered to some depth with water, theu the vert depth in, of the 
cen of pres d, or e, below the surf of the water, will be equal to 

2 ^ cube of tc — cube of e w 

3 square of a c — aquare of t w 

where a c Is the vert depth of the tmttoni, and t> w the v ert depth of the 
top. of the pressed surf, below the water surf. Or. in wotds From the 
cutie of a c, take the culst of a u , and call the rem a. Then, from the 
aquare of a c, take the square of sic; and call the rem b. Div a by 6, 
and take two thirds of the quot for a rv. 



Fig. 16. 


3. When a plane surf of any shape whatever, whether 
rectangular, triangular, or circular. &e, whether vert as 
op. Fig 17, or inclined as nn, is entirely immersed, so as to 
be pressed over the entire area of botu side- but by diff 
depth* of water on its two sides , then the cen of pres coin¬ 
cides with the cen ojgrav of the pressed surf. 

In tbn3 foregoing figures the supposed surfaces are shown 
edgewise, to that their widths do not appear. 



Fig. 1J. 


4. In any triangular plane surf, whether right-angled, or 
otherwise, as oic. Fig 18. whether vert, or inclined; the bate 
a 6 of which coincides with the hor surf of the water, the cen 
of pres o, will be iu the center of the line cr, which bisects the 
base a 6. 


6 But If the triangle, as ate. vert, or inclined, have its 
apex. a. at the surf of the water; and its base a c, hor; then the 
cen of pres z. will also be in the line am which bisects the base; 
bivt az will be ft of am. 


arb 



Fig. IS. 


6 If any plane triangle ale, Fig 19, bate up, and hor, hai e its base 
a b covered to some depth nd. with water, then the cen of pres o, will 
be in the line ca which biaecta the base; and no will be equal to 
«s» + (9mg X m a) -f 8m a» 

(mX ■+• ina) X 2. 


Fig;. 19. 



7. The center of pres against any 
plane rectangular surface, Fir 20, 
whether vert ss m «. or inclined as 
po, or wx, having its top coinciding 

with the surf of the water; and 

pressed by diff depths of water on 

Its opposite shies, as shown In the 

fig; will be vert below the upper 
water surf, a dlst equal to 



/ a? of vert \ / _. . »? of vert \ / ver t area of \ 

| area of turf m n , y depth a b )_( area °J r b )_( dep , A x *ur/o n. X rb 

\ or p a, or m x *-,— / \on, oreo, or sx - 3 ~ / V ar greo.orex -g~/ 

x rb> 
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To find the center of pressure against either a circular or an elliptic aui* 
face, pressed on one side bniy; whether vertical or inclined, and having its top 
either coinciding with the surface of the water or below it. 

Let h = the vertical dcptli of the center ot pressure below the water surface, 
r =* tlie vertical or inclined sr.Mu'-diainctei of the surface. 
d the vertical distance of the center of the pressed surface, below the 
water surface. 

Then 



In a vertical circle, with top at water surface, h — 1% x radius. 

Art, 10. Wall*) for resisting the pre«Nure of quiet water. 

A study of our remarks on retauiing-walls for earth, pp. 603, etc , will he ot use in 
this connection. It is of course assumed that the water does not find its way 
under the wall; and that the wall cannot slide. In making calculations for walls 
to resist the pressure of either earth or water, it is convenient to assume the 
wall to lie but one foot in length (not height, or thickness), for then the mini* 
her of eubic feet contained in’it, is equal to t hut of the square feet of area of its 
cross-section, or profile; so that these square feet, when multiplied by the weight 
of a cubic foot or the masonry, give the weight of the wall. In ordiuaiy eases, 
it is well, for safety, to assume that the watei extends down to the tery bottom 
Hue of the wall. 

Now, bv Art 1, the total pressure of quiet water, against the rectilineal back of 
a wall, whether vertical or sloping, is found in lbs, by multiplying together the 
area in square feet ot the part actually pressed, (oi in contact with the water;) 
half the vertical depth of the water, in feet, (being the in heal depth of the 
center of gravity of a leetihneal hack, below the surface); ami the constant 
62.5 aud this total pressure is always perjienditiilai to the pieced area. 



' Fl|f 20£. 


-/w 

/ 


’9 


7 p 


-« ji i 

IzL- 


Fiff 21. 


When the back of the wall is vertical, as in Fig 20%. this pressure p is of 
Course less l.liau when it is battered; and is also horizontal; and It tends to over¬ 
throw the wall, by making it revolve around its outer toe, or edge t. The center 
of pressure is at c; cs being % the vertical depth o n; in other words, the entire 

E ressure of the water, so far as regards overthrowing the wall as one mass, may 
e considered as concentrated at the point c; where it aot> with an overthrowing 
leverage//. The pressure in lbs, multiplied by this leverage in feet, gives the 
moment in foot-lbs of the overturning force. The wall, on the other baud, resists 
in a vertical direction go, with a moment equal to Us weight (supj»o«ed to be 
concentrated at its center of gravity g), multiplied by the hoiizoiital distance 
a t, which constitutes the leverage of the weight with resjart to the point t as a 
fulcrum. If the moment of the water is greater thun that of the wall, the latter 
will be overthrown ; but if less, it will stand. 

In Fig 21 the overturning moment of the water is equal to its calculated pres¬ 
sure p X its leverage tl‘ while the moment of stability of the wall is equal to 
its weight X it* leverage a l. By aid of a diawing to n heale, we may on this 
principle ascertain whether any proposed wall will stand. For we hnve only to 
calculate the pressure;*, then apply it at c, and at right angles to the back; pro¬ 
long it to/; measure 11 by the same scale. Then calculate the weight of wall; 
find its center of gravity «; draw# o veilical, and measure the leveragea /. We 
then have the data for calculating the two moments. 

If the water, instead of being quiet, is liable to waves, the wall should b« 
made thicker. 
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Fig. 22. Fig. 23. Fig. 24. 


Art. 11. To find the thieknegN at base of a wall required to b« 
safe against ovnturntvg under tiie pres of quiet water level with its top, and 
pressing against its entire vert back. Caution. See Art. 13. 

(1st) Vertical wall. Fig 22. 

Thickness Height w __ j Factor of safety * Height ^ the proper decimal 

in feet - = ’ in feet X -y g'x sp gravof wall ' n ,et * t * ,n following table 


(2d) Right angled triangular wall. Fig 23. 

1 hick ness Height / Factor of safety * Height the proper decimal 
in hit “ fM \ 2 X Bp'giafvrssr ” X i“ following Ubln 

=» thickness, mo, of vertical wall X 1.225. 

Notwithstanding their greater thickness at base, such triangular walls con¬ 
tain, as seen by the fig, not much more than half the quantity of masonry reqs 
for vert ones of equal stability. This is owing to the fact that their cent ol 
grav is thrown larther back; thus increasing the leverage by which the wto# 
the wall resists overthrow. 

(3d) Wall with vertical back and nloping face. Fig 24. 

T at C base 89 / ft X factor of safety ♦) -f (batter A » 2 , ft X »P gray of wall) 

in feet Y 3 X specific gravity of wall 


V ( Ht 8 , ft X factor of safety ♦) -f (batter A ?i 2 , ft X »P grar of wall) 
3 X'specific gravity of wall 


--- Height in feet X the proper decimal in the following table. 



• rtetor of ufoty 
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Art. 12. Table showing how the stability of a wall sustain- 
ing water is affected by a change in the form of the wall; 

the quantity of masonry remaining the same. Kkm. When the base of a tri¬ 
angular wall, of sp grav 2, is less than A the lit, the stability is greatest when 
the water presses the vert side; but if the base exceeds J the ht, the stability 
is greatest with the water on the battered side. C'aution. See An. 13. 


All these walls contain precisely the same ! 
quantity of masonry, lhe masonry is supposed jBasein Appr<n 
to be mortar nibble, weight ug 12 j B>h per cubic foot; or twice as much i parts of! resist ol 
as water; or about the same us oidiunry rough mortar rubble if neight l wall 
the sp gr of the masonry iu actually greater or less than this, the I I 

safety also w ill be greater or less, in precisely the same proportion, j ] 


Vertical wall.... 

Face vertical; back batters one-tenth height.. 
•• •• •• •• out-fifth 

•• •• •• •’ one-fourth “ 

*• •* “ •• one third " 

•• “ •• " four-teutbs ■* 

•* “ " ’• one half “ 

Back vertical; face batters one truth height.. 
•• •• •• •• one fifth “ .. 

*• •• “ •• cue fourth *• 

•• “ •• one third •• 

** " •* " (our-tenths •• 

. one half “ .. 

Back and face, each batter one tenth height.. 
•• *• •* •• one fifth •• 

" “ " •• one fourth •• 

“ “ " “ one third “ .. 

“ four leu Sts •• 


.5 


Art. IS. Liability of wall or foundation to crusli under 
unequal distribution of pressure. Am ii ami 12 apply only to 
t ,- *e stability of a rigid wall resting upon a rigid base, and therefore incapable 
of failure except by overturning as a whole. They show that t lit* stability is 
greatest when the water presses against the sloping side. Hut in practice the 
point where the resultant of all tiie pressures on the base ol the wall cots tin 
base, must not be so near to either toe as to endanger a crushing of wall or 
of foundation. This consideration often makes it iteti to let the water press 
against tlie vert back, notwithstanding the consequent loss in stability. 

Art. 14. Fig. 2d showB, to scale, a dam wall at Poona, India, designed by Mr. 

Fife, ('. ii, of England, ii is ol mortar rubble, of 150 
lbs per cubit, its total veil height is 100 It; thitkness 
«t> at base, GO ft 9 ins; at top, i ■/, 13 ft 9 ins. The front 
ru slopes 42 ft in 100 ft; and the back tv, 6 ft in 100 ft. 
Its foundation iB 7 feet deep; hut here assume that 
the water presses against its entire back act). Through 
the cen of grav G draw (i* vert. From c, where the 
direction of the pres Pof the water strikes (is, lay oil 
cn by scale = 139 fi tons (of 2240 lbs) water pres against 1 
ft in length of xv; anti ct~ 249.4 tons wt of 1 fi length 
of wall. Complete the parallelogram enmt of foreps. 
Its diag cm represents the resultant of all the pleasures 
upon the base «t’,and cuts the base at a,20 ft back from 
the toe «. Doing the same with the 151.4 tons pres p 
against ru, we get the resultant oy, which is greater 
than cm, and cuts the base (at. t) only 12.7 ft from the 
toe v, or 7.3 ft less than « is from u. 

Hence, when the water presses against xv the wall is 
less liable to fracture or crushing, and the earth foun¬ 
dation ttris more evenly loaded, and hence less liable to 
yield unequally so as to cause cracks In the wall. On 
this account xv is made the back of the wall, although 
the moment of stability of the wall is then only 2.2 (calling the overturning 
moment of the water 1), while if the water pressed against ru it would be 8, or 
K per cent greater. 
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Art. 15. The points a and i, Fig 25, are called center** of pressure 
npon the base, or centers of resistance of the base. If similar points, as 
d and z, be found in the same way lor other lines, as / A, by treating a p.frt (as 
rxhf) of the wall as if it were an entire wall; a slightly curved line joining 
these points is called the line of pressure. Thus, 6a is the line of pres¬ 
sure when the water presses against xv. Each point, as d , in ba, shows where 
any joint, as //<, drawn through that point, is cut by the resultant of all the 
forces acting upon said joint, bi is the line of pres when the water presses 
against r u. These lines do not show the directum of the resultants Thus, at a, 
the latter is cm, not ba. The angle between tlieduection of the resultant and a 
line at right angles to the bed or joint, must he b ss than the angle of friction 
of the materials forming the joint. 

If from the end woi v of the lesultant of th‘» piessures upon any joint, we 
iraw m2 or ?// lior, then e’> nr u\ (as the ease may bei measures the entire vert 
pres on that joint: and m2 nr /// ui< asuies tiie fmi pres against the hack of the 
wall, which tends to chum- sliding at th<* same joint It the direction of the re¬ 
mit nit comes within the limit stated in the pieceding paragraph, m2 or i/l will 
be less than the frictional resistance to sliding, which last is — c2 (or oh s the 
coetf of friction for the surfaces forming the joint. Hence sliding cannot take 
place Sliding ncvci occurs in the vuifxmnj of walls of ordinary lorms. Good 
mortar well set unis to prevent sliding, hut it is better not to rely upon it. But 
entire walls have sliddeu ou slippery foundations. 

Art. 16. In California, til Knit I860, were built dams of dry 
rough stone, founded on rock. Height "ti ft: base 00 ft; top 0 ft; 
hor spread of up stream slope 70 ft: of outer slope 14 ft. Stone 
laid with some can* by band, except a core of about one-lifth of the 
mass, which was roughly thrown in. Water slope covered with 
3-inch plank, laid hor on 11! X 11! inch stringers built into the stone 
work Cost about $3 per cubic yard. <i. II. Mendell, Report on 
project;# for Sau Francisco wafer supply, 1S77, page IS. 


Art. 17. To Anil the thickness of a cylinder to resist safely the 
pressure of water, steam, Ac, against its interior. If riveted, see next page. 
Where the thickness is less than one-thirtieth of the 

radius, as it is in most cases, the usual formula 
„ v Thickness pressure .. 4 

0) m Inches - remjtl. X raiJi “ 5 

is employed. It regards file material as being subjected only to a direct tensik 
strain, which is sufficiently correct in such thill shells. 

For somewhat greater pressures aud thicknesses. Professor 
F. Iieuleaux (Her Konstrukteur, p 52) gives 

Til ick ness pressure l _pressure 


( 2 ) 


in inches 


I X radius.* 


safe strength \* 1 2 X safe strength/ 

For very great pressures and thicknesses, as in hydraulic 

{ iresses, cannons, Ac, Professor Reuleaux (Konstrukteur, p 53) gives Lamp's 
orrnula: i 

.Lb 


Thickness / f safe strength + pressure \ 
') in inches \\ safe strength—pressure / 


X radius.* 


-pressure 

The three formula give results as follows, pressures aud strengths In lbs per 
square inch: 





Safe 


Diameter. 

Radius. 

Pressure. 





strength. 

Formula (1).] 

Formula (2). 

Formula (8). 

Winches., 

lOlnches. 

50 

WOOO 

1 .05 1 

.0.50125 

.05 

“ 

« 

BOO 

“ 

.50 

.5125 

.513 



5000 


| 5.00 

6 25 

7.32 


The thicknesses given by the formula appropriate to the several pressures are 
printed in heavy type. It will be seen that in these cases the results differ 
but slightly, except for very great pressures. 


* In all three formula take th'* radius fe inches, and the pressure and strength 
2a pounds l wr fljuore inch. 
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Rom. 2. Want of uniformity in the cooling of thick castings maxes 

them piojH.rtbmally weaker tliuu ihin ones, ao that in order to reduce thickness lu impoitant ca»e» 
we should use only ben iron remelieil A oi 1 times, by which means an ult cohesion of about 30001 
ft* per sq inch may be secured. But even with this pit-caution no rule will 
apply solely in practice to cast cylinders whose thickness exceeds cither 
about s to It) ms, oi tho muei rad however uniall 

Under a pres of 800U tt»s per sq inch, water will ooip through east 
iron H or JO iuS thick; and under but 250 lbs per s«| inch, through .5 inch. 

Table of thicknesses of single-riveted wrought iron pipes, 

tanka, standpipes. ii\ bv the above rule, to bear with a safety of 6 a quiet pleasure of 1000 ft head 
or water, or 4.U tbs |0 »q meb . the ult coll of talr quality plate Iron being taken at 4HOc01b* per uq 
luoh. or at SOW) lbs tor a s iff tv ut I*, w inch is larther reduced to K)00 X .56 r *4h0 lbs. to allow for 
weakening by rivet holes; lor single-riveted cyls have but about 56 ot the 
strengtii of the solid sheet ; and dwuble-rJtclod* one- about .7. With the 
above pros and nth.i dau, tin. i ule here leads to thickness ~ .1010 X uiih > i id in ins. 


OI.' Ths. j Hi Tha. i. 1)1 . Tbs ,| l*i. ■ Ths 'T' l»i ' i W I Di hi. " Ths 

Ina. J In» Ins Ina. J Ins. Ins j In- • Ins. In*. I Ins. j In* j.Ki In*. 

.5 .0-15 j! 5 i lit .1 16 j M3 j 30 ] 1 52 60 3 05 J 120 \ 10 6 00 

1.0 .051 , b I .405 IS .91* 33 I 1 M ' 6f. 3 3.> I 1H2 11 , b 70 

1.5 .076 I 8 1 *06 20 1 016 .16 , 1 83 ,■ 72 3 66 I 14* 12 I 7.31 

2.0 .102 I' 10 508 | 22 i 1117 *2 213 K* * 27 1 192 16' 9.73 

3.0 .152 i I 12 609 ' I 2* I 1.219 *H 2 4* j 96 4 US | 2*0 20 j 12 19 

4.0 I .203 H 14 ' .711 i I 27 i 1 371 I 5* I 2.74_i_|_ 106 I 3 49 i 28 8 I 2* I 1* 63 

For a less head or pressure, or for any safety loss than f>, it is haft- ai.d 

near enough in practice, to reduce the thickness of wrought lrou cyls iu the aame proportion a* arjl 
bead. pre*. or safety is less than the tabular one 

Double-riveted cylinders, Falrbairn says are about 1.25 time* as strong 
as single-riveted. Hence llu-y may be one-fifth part thinner Lnp-welded 
ones are nearly 18 tunes as’strong as single-) m ted; ami lienee may Ik- only 
56 a* thick. 

Many coat mantis miles of double-riveted pipes in California havo 

been in u*e for vear-with *afet.V8rfbut2to i6. lu out; cum tin headl- 1720 ft, with a pic-of716 lbs 
per sq inch. diam 11 5 in*; thickness, .3* inch. 

Cast iron city water pipes must he thicker than required by formula 
fl), in order to endure rough handling and the effects ol •* w.iter-ram” 
(due to sudden stoppage ot flow, see second Rem, p513), and to piovide against 
irregularity of casting and the air hubbies or voids to which all castings are 
more or less liable. In the following table the ultimate tensile strength of cast 
iron is taken at 18,000 lbs per square inch. Column A gives thicknesses by Mr. 
J. T. Fanniug’s formula (Hydraulic Engineering, p 451). 

Thickness) — (pres, fob p el sq in + 10i))X bore, m s / b?re, ins\ 

in inches j .4X ultimate ttnsile strength * \ 100 / 

These correspond with average practice. The addition of 100 fts to the pres is 
made in order to allow for water-ram. Column B gives thicknesses by formula 
(1), taking coefficient of safety =* 8 (thus making safe tensile strain -» 2250 
ms per square inch) and adding three-tenths of an inch to each thickness given 
by the formula: 
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Table of thickness of lead pipe to bear internal pressures with a 

naftty of fl; taking the ultimate cohesion of lead at 1400 lb* per sq Inoh. , 

Rem. Although these thicknesses are safe againstquiet pressures,they might not 

resist shocks caused by toosuddeu closing of Mop cock* agaluat running water. 


Heads in Feet. 

100 | 200 | 300 | 400 


Pres in lbs per sq inch. 

4.; I I »6B ‘ 130 1 174 i 217 


Thickness In Inches. 


0-9 19.1 ■ .113 j 


I 


Heads in Feet 
100 200 [ 300 I 400 1 600 

I __ _}_I_L. .. 

Preb in lbs per sq inch. 

4.! 4 ' M. * ' 1.10 ! 174 j 217 

Tluckuess in Inches. 

02 -*M ;',7 | :»u , »W2 

27 271. 117 .610 

i.l .112 .1.1*1 j 71,T . 1 02 

is ..1ST *120 ' .MK; , 1 20 

•IM 442 714 ! 1.0. ■ 1.30 


Rf*ni. The vnl ven of water-pipe* must be elusert slowly, ami 

th<. uciTc-ity lor tins piecuution increases with their dmius. Otheiwise tlie Biid- 
jru diresting or lii*- iiininontuiu of the ruiimiig »ut<*i will create a gnat !>rt-.v.ure .t gainst the pipe* 
m all direction*, ai.d tlirniigliout thcli entire length behind tin gat'-. e\cU if it be niuiiy miles, thus 
endangering their bursting at any point. Hence nop gates .ue abut by screw*. 


Fig. 86. 


Art. 18. Buoyancy. When a body is placed in a liquid, whether it float 
or bink, it evidently displaces a hulk ol tin- liquid equal to the bulk of the im¬ 
mersed portion of ihe body ; and the body, in both cases and at any depth, and 
m any position whaiever, is buoyed up by the liquid with a force equal to the 
weight of the liquid so displaced Thus, if we immerse entirely iu water a 
piece of cork, c, c, Fig 26, or any body of less specific gravity than water, the 
cork will, by its weight, or force of gravity, tend to 
descend still deeper; but the upward buoyant force of 
the water, being greater than the downward force of 
gravity of the cork, will compel the latter to rise. In 
this case, the cork receives a total downward pressure 
equal to the weight of the vertical column of water 
above it, shown by the vertical lines in vessel 1; and 
a total upward pressure equal to the weight of the 
column shown in vessel 2. The difference lietween 
these two columns is evidently (from the tigs) equal to 
the hulk of the cork itself; therefore the difference 
between their weights or pressures (or, in other words, 
the buoyanev of the water) is equal to the weight or 

pressure of the water which would have occupied the place of the cork; or, in 
other words, of the water which is displaced by the cork, inis difference, or 
buoyancy will plainly be very nearly the same at any dentil wbnteverof entire 
immersion. H increases slightly wilt the depth, owing to increase in the density 
of the water: but, on the other hand it is diminished by compression of the 
fork Now til. cork, If left to itself, will continue to rise until a portion of it 
reaches above the surface, as in vessel S. The downward pressing column 
then ceases to exist; and tiie cork is pressed downward only by f* 1 .'- 

lint, as it now remains stationary, the upwaid pressure ol li e water must in 
equal lo Ihe weight of the cork. But the upward piessme o he water arise* 
onh from the shaded column shown in vessel 3: and tins cohiinn is (as in the 
ease of tolal immersion) equal lo Hie hulk of water displaced. I herefore m all 
cases, the huovancy is equal to the weight of water displaced > and when the 
body is In equilibrium, whether at or below water level, the buoyancy, or the 
aeiL'titof water displaced, is also equal to the weight of the body itself. 

I f ihfbSyV JStanco heavier than water. Its weight is greater 
than n,c buoyancy of the displaced water, and Ihe body therefore sinks, with a 
l.iree eiuiid to the difference between Ihe two. Thus, a cubic foot of cast iron . 
weighs ,1511 It'S., and a cubic foot of water 62 5 #«■, so that the irou sinks with a 

"rhe sanm principle applies to other fluids. Thus, light tmdira, such as 
trotike a bulloon etc in air, all tend, like a cork in water, to fall; but the air, 
in-mg heavier, crowds’them out of the lower positions which they tend to assume, 

aU Al?hough a'poiinS of lead and a pound of feathers, weighed in the air, balance 

7|'^ i r R ,7 ft c, U - U ^ m iV. 1 .? .i^.ll'^.ttitLhn'thTt^lkidiu'l^hv^iefead 1 ^ ** 
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The downwd forc<* of grav may be regarded as concentrated at tlio cen at 

rav (i ot a floating body. Tlie upwd pres, or buoyancy ,f of the water may hi mi lari j 
e regarded as acting at the cen of gr W of the dnqdaced water.* W is also called 
the center of pressure, or of bnoynney, of the water; and a vert lino 
drawn through it is called the axitt, or vertical, ofbnoyancy, or of flo¬ 
tation. Ordinarily,}; W shifts its position with every change in that of the body 
Thus in L it is at the ceu of gr of the rectangle a o b b; and m N at that of the tre 
and 1 ' ‘J a v 

Wlieu a floating 
body, L, 1’ or R, is at 
rest, and undistuilied 
by any third force, 
as F. it i« said to be 
In equilibrium, 
and (i and W are then 
In the same vcit line 
t t tip- h and R, or 
e eFig I’; which line 
w called the axK 
or vertical, of 
eqnilibrinm. 

When a third force, g as F, in N and O, causes the line, joining G and W, to 
lean, as in Figs N, O and S, then if a \ert line Ikj drawn upwd Iroin the cen W of 
huo> . the point M where swl line cuts stid axis, is called the metacentcr of 
the body.'! G and W are then no longer m tin* same vert line and the two npp 
and vert forces, grat and buoy, acting upon tho.se points respectively, foiui a 
“couple” and, when the third force F is removed, they no longer hold the body hi 
equilih, but cause it to rotate If (as in Figs O and SI the positions of G and W 
are then stieh that the metaeenter M \-ubore the cen of gr G, this rotation will tend 
to re'tore the body to its former position, and the body is said to have been (before 
the application of the third force F) in stable equilibrium.' Rut it (as in 
If) M is /Won't? the direction of rotation is such as to upset ihe body, by causing 
it to ili port further from its tormer position, and the Ixxly is said to iiave been in 

nnatahle equilibrium.} 




The tendency or moment tn ft lbs of afloatmgbodyeithertoupsetortorlgbtitself, 1*. 

_ the wt of the body (or toe equal x the hor dint between W M and G >1, 
~ upwd pres of the water) iu lbs * Figs N, O and S, m fu 


The third force V may of course be so great as to overpower the tendency of the body to right it 
teir. Thus, a ship may upset in a hurricane, although judiciously loaded and ballasted for ordinary 
winds. A hor eectlon or a body at water-line is nailed its plane of flotation. 


* The body in in f»ct acted upon by other force*, such us tin* hor 

pressures of the water against Its immersed portions hut an all of these in any one given direction 
are halanced bv equal ones in the opposite direction, they bate n» effect upon the forces (i and W 
It is also acted upon by the air, which presses it downwards with a force of U 75 lbs per »q inch. but 
this is balanced b) an equal pres of the surrounding air upon the surface of the water 


+ Thin buoyancy Is made up of tin* parallel upward j>ro*tjuire*s of the 
innumerable vert filaments ol the displaced water a** shown by Fig *2<>, and 

the«xi» of flotation is their resultant, as in toe case or parallel forces. 

t The shape of a body (as that of a sphere or cylinder U) may be seeti that the position of tte oeo el 
buoy W, relatively to that of its oen of gr 0, Is not changed bv the rotation of the body about a given 
axis fas anv avis of the sphere or the longitudinal axis of the cvl). but remains constantly iu ths 
lame vert line with <i. so that, the body, In rotating, remains in cquilih Hueh a bodv is said to he 
in indifferent equilibrium about said n\w. But if a eyl IF lx* made to 
rotate about iu transverst axis xx, It plainly comes under the remarks on Figs R and R, and mat 
(before rotating) be In either stable or unstable eqtiilib about that axis according to the way in whies 
|U wt is distributed. 

I This metaeenter shifts it* posUion on the line 11 according to the Inclination of the tatter. 

3 Uneven loading;, instead of a third font*, may cause a vemel at rent to 
lean as at P; and yet the vessel so leaning may be In eqtilllb. for tu axis * « of cquilih may Im vert, 
although not coinciding with the axi* of Hymmetry of the vessel, m It dues b4 

* *1 lo/foatfng bodies, this may sometimes (as tn Figs R and S) be the ease even when the ems 
hum W (not the metaeenter) is below the oen of gr U; because, when the body la foroed to lean, W 

prtattaM, wltMe petal way be swot ae ubrlag M afewve Q, W la atwwyi bate* 

nlform density, floating at rest, if any part of the body N above water. When snob 
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Art. 19. A body lighter than water, if placed at 
the bottom or a vessel containing water, will not 
rise unless the water ean get under it, to bnoy it, 
or press it upward, as the air presses a balloon oi 
smoke upward. Thus, if one side of a block of light wood, 

perjeclltl Hat mid smooth hr placed upon the similarly Hat and smooth bottom of a 
vessel, and held there until the vessel is filled with water, the downward pres wit 
keep it in its place, until water insinuates itself beueath through the pores of the 
wood Kut if the wood he smoothly varnished, to exclude water from its pores, ll 
will remain at the bottom. 

On the other hand, a piece of metal may be pre- 
vented from sinking in water, by subjecting it to ;i suffi¬ 
cient upward pres ouly, while the downward pres is excluded. Thus, if the bottom 

F , of au open glass tube, t. Fig 27, aud a plate of iron m, be made smooth enough to ba 

I n 'll water tight when placed us iu the hg, and if In this position they be placed in a 
,1 "*■ vessel of water to u depth greater than about b times the thickness of the iron, the 
upward pres of the water will hold the non iu its plate, and prevent its s’nking' 
because it is pressed upward by a column of water hi alter than both the column of air. aud us own 
• eight, which press it dowuward. Ou this principle irou ships float. 

Rem 1. A retaining-wall, as in Fig 28, 
founded on pilos, nmy bo strong ouougii to ro* 
slst the pres of the earth e Is hiud it. iu case water does not find 
its wav underneath; aud yet may lie overthrown if it does; or 
even if the earth » » around the beads of the piles liecomes satu¬ 
rated with water so as to form a fluid mud. In either case, the 
upward pres of the water against the Imttom of the wall will vir¬ 
tually reduce the wt of all such parts as are below the water surf, 
to the extern of 02% ®> s P cr cul ' ft: or nearly one-half of the or- 
p. . f\ Q dinary wt of rubble maRoiiry in mortar. 

I* 1 0 u O Raw. 2. Vi though the piles under a wall, as In Fig 28. may be 

* abundantly sufficient to sustain the wt of the wall; and the wall 

equnll v strong in itself to resist the pres of the backing e : vet If 
the soil ss around the piles be soft, both they and the wall may be pushed outward, and the latter 
overthrown by the pres of the bucklug r From this causo the wing-walls of bridges, when built 
ou piles iu very -oft soil, arc frequently bulged outwurd and disfigured. In such cases, the piling, 
and the wooden plailorm on top or it, should extend over the whole space between the walls; or else 
some other remedy be applied. 

Art. 20. Draught of vessel*. Sinoea 0oirftV/l»o<lv*li(*plaee»awtof liquid 
equal to the wt of the body, we may determine the wt o f a ve*sel ami it* cargo, by ascertaining how 
many cub ft of water they displace The cuh ft. nntit bvh. M <., will glie the reqd wt in lbs. Suppose, 
for instance a flat boat, with iert sides, 00 ft long l‘i ft wide, and drawing unloaded 6 Ins. or .5 o' 
a ft In this rase it ilispla-vs 00 X I 5 X 5 — 4 VI cub It of wa'er, which weighs 450 X 62’t ~ 28125 
lbs . which consequently is the ut of the Imat also, if the cargo then be put in, and found to slut 
the boat l ft more, we have tor the wt of water displaced by the cargo alone, 00 X 15 X ’’ X 62% = 
112300 lbs; which is also the wt of the cargo. So also, knowing beforehand the wt of the boat and 
•argo, and the dimensions of the boat, we can find what the draught will be. Thus, if the wt as be fora 

140025 

In- 1400''5 tbs, and the boat 00 X 15. we have 00 X 15 X 62% — 56250, and - — — 2 5 ft the required 

56250 

draught. In vessels of more complex shapes, as tq ordinary sailing vessels, the calculation of the 
uuiouut of displacement becomes more tedious; but the principle remains the same. 
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HYDRAULICS, 

Flour of Water through Pipes. 

Much of the theory of hydraulics is still matter of dispute. This, and the 
unavoidable imperfections of actual work, lender it advisable to use liberal 
safety factors in applying hydraulic formulas. Even new pipes aro liable to 
tuberculations, which materially diminish the flow, and these soinctlines greatly 
increase under the action of chemicals in the water. Air in the pipes also 
diminishes the flow. 



The term HEAD or TOTAL HEAD of water, as applied to the flowage of 
Water through canals, pipes, or opeuiugs In reservoirs, Ac. mean* the vert dial t t> or po. Fig 1, from 
fee lerel surf, mi, of the water iu the reservoir, or source of supply, to the center (or more properly u 
thecen of gT*r) fl, of theontke (whether the euJ of a pi|ie, ro,to, v o,xo, l o ; or uuy other kino of 
opening) through which the dutch takes place freely, into the air; or the vert dint a it, or fa, from 
the Hame surf, m i, to the level turf, gu, of the water in the lower reservoir, when the disoh takes 
place under water. Thus, in the case of disoh into the air, the vert dlst«v or j>o, is the total head 
fhr either of the pipes ro, t o, v o, zo, or l o; and tk is the head for the onhee, k. in the side of the 
reservoir. And for di>ch under water, a u, or fg, lathe head for either the I*i|*o or the opening n; 
without any regard whatever to their depthh below thcsuif of the lower water, which, accoiding te 
the older authorities, do not at all affect their disch. 

A portion of a pipe may have a head greater than the total head of the entire pipe. Thai tte 
point 6 in the pipe lo, has a head 61; while the entire pl|>e has only me head p o. 

Both In theory and in practice it In iiiiiiiafcrinl rn regard* 
the vel, and the quantity of water diNclinrgcd. whether the 
pipe Is inclined downward, aw r«. Fig 1; or hor, hhvo; or in* 
elfned upward, ah lo: provided the total head jjo, and also 
the length of the pipe, remain unchanged. If one pipe is longer 

than another, its sides will evidently present more frlct'on against the water, and tliui diminish the 
vel and the quantity of dlscb. The inclined pipes, r o,lo, lieuig ut course a little longer than the 
bor one co, will therefore each dutch a trltle less water, but if the hor one were extended slightly 
beyond o, so m to give U the same length as the others, then each of the three would disoh the same 
gnantlty In the same time. 

Art. 1 a. Divisions of the Total Head. In any pipe, as to, ro, 

to. vo, to, or l o, Fig 1, the total head has three dlstiuct duties to perform ( 1st, to overcome the 
resistance to entry at s, r, t, v, t, ort; 2d, to overcome the resistances within the pipe; and, 3d, to 
give to the wwter, entering the pipe, the uniform reloatu with which it actually flows 

For convenience, we regard the total head as dtiidetf mto three portions, corresponding to then* 
duties; namely, 1st. the entry head; 2d, the reeiitanee, or friction, hesd : and. 3d. the velocity head 

Art. 1 o. The velocity head is the height through which « bodv must 

fall. In vacuo, to acquire the vat with which the wuter actually flows Into the pipe. It Is therefore ? 
v* 

In which v is the vel In ft per sec; end g Is the occulcrutlou of gravity, or 32 2 

Art. 1 c. Experiment shows that, with the usual Himrji-edged entry, the en« 
try head is,near enough for practice, •■=* hnlf the vel head. If the entry is shaped 
like Fig 7, scarcely auy entry head will be required But, in pipes longer than about 10M 
diameters, the entrj head boars so slight a pro|iorlioo to the total bead, that this advantage la of bat 
Httle importance. It becomes more apparent in shorter pipes. 

Art. 1 d. In Fig 1 wcwill namitne that lor any of the pipes,la represent* 
the sum of the vel and entry heads. Then the remainder • ». ©r w q, of the total band, is tbs 
friction hcadt or the bead which in just mifflnent to balance the friction and 
other resistances within the pip*; and, sinoe the entry head balances the resislanoe at the entrance 
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the pipe aa r&pidlv its tt flows through it, and thus keeping the pipe supplied. If, by shortening tht 
pipe, or by smoothing its inner surf, we diminish the total friction, then a less friction head will be 
required , but the vel will, at the same time, be Increased, and this will require a greater vel nead, 
and entry head, so thiit the three together make up the total head, as before. Since the friction is 
equal to the force or head reqd to overcome it, it also is represented by too. 

Art. I e. The friction head may a« in wo, * o,and f o, Figl, be all o&ow the entrance 
u< the pipe, and therefore outside of the pipe: or, as in a pipe laid from • to o, it may be all betow 
the entrance, and wit kin the pipe; or as in ro and to. it mar is- partly above, and partly below, the 
entrance, and theretore partlv within, and partlv without. Hit* 1 1]>". 1 he vel nnd dlsch, ajttr the 
pipe i~ till'd, are not affected by this difference in position ot the entry end; but the pressures in the 
nijK*. and the vela while the water is filling an empty pipe, ure affected by it. 


Art. 1 f. Bat it is necessary that, the entry end of Ihe pipe 
til to ii Id be placed ho far below tlie B«rf m t, that there ahull l» left, 

above the con of grav of the entt v end, at least a head, i «, sufficient to perform the duties of the entry 
vtid vel heads. If the entry end of anv of the pipe* be raised shove «, a portion of ttie vel head will 
be in the pipe. In other w'oids, the head in the pipe will lie more thsu suffi -icut to overcome the 
leststa..ces in the pipe- and the surplus will act as vel head, and will give greater vel to the water 
In the pipe. The reduced head thus ieit above the entry end mil plainly be insufficient to maintain 
Che supply for the greater vel, and the pipe will run only partly full. 

In ordinary cases of pipes of considerable length, the »um of Ihe entry and vel bend* theoretically 
required. Is but a small portion of the total head, and lately exceeda a foot. Indeed, In a pipe of 
considerable diameter, the upper half of its cios* section at the entry end may often be more than 
enough to provide sufficient entry and vel heads above the cen of grav ol said croaa section; to that 
the top of the entrv end might, s'o far a* these con'idrrntion* aloue ore concerned, project above the 
aurf of the wmer In the reservoir. But the end of the pipe should in practice alwavs be eutlreiy bw 
low the surf; othetwiae air and floating Impurities will be diown luto It, wnd cause obstruction* 
Moreover, the water surf of reservoir* is alwnv* liable to considerable change* of height; and the 
entry end of the pipe must lie placed at auch a depth ihat the water can flu* Into It with sufficient 
vel when at It* lowest stages. A* before stated, this will cause no diminution or Increase of di»ch. 

Art. 1 o. To find the friction head reqd for any part of 
O pipes knowing the it it: head reqd for the whole pipe Sn.t e the I notion. In • 
pipe of uniform dlam, I* (other thing* being equali in proportion to it-s length; and since ic o, Fi* I 
represents the total friction, or reqd friction head, we have 

Total length . Length of the ... . The friction head reqd 
or the |iipe • given poitiou • • • for that portion 

Or, hav lug drawn w o by scale, a w hor, and a o \ 

ToIhI length . Length of the . . . A dist, as * c, to be laid 

of the pi|ia * given portion *• * off from a on*©. 

_ , , , A dint, as a h, to be laid off 

Or » • tw • from a on aw 

Then a vert line, ai 6 e, drawn from b or e, and Joiulng a w and a o, give* by scale the friction hand 

'"aVi. 1 7l. If th, !>ip« I» KlmlRtlt, *r«,r»,l r), the frlrtlcm In nny p»rt txgW 

miny at the reservoir, aa 16 iu the pipe l o, may be found at once by drawing a J*®* •_* ** rt 
from the axis of the pipe at ft. The line 2 8 will then give the friction In l ff. It also gives the frta 
Mon in r *, or in that part of v o which lies between v and the dotted line 1 6. It must be remem¬ 
bered that all the pipes lu Fig 1 are supposed to be of tha 
same actual length. 1 bey would thus cud at different point* 
o, and strictly a separate diagram must be drawn for each 
pipe. In a part or the pipe wot beginning at the reservoir, 
as in ro. to. orfo.beiw.cn (mint* veidcdly under c ami 
i, the smountof friction is given by the line d sr, foi it it 
plainly sr jr X — 6 c 

Art. I j. If II.P pipe I* vert. a» r o. 

Fig 1 A, let t sion it* axis got represent, a* before, the sum 
or ihe vel nnd entry head*. From *, r. and o, respectively 
draw hor lines « to. v k, and o #. making «|=«o. Draw 
the oblique line < p. Then, to And the friction In any pan, 
a* tq. beginning at the reservoir, from q lay off qd hor, and 
equal to v q. and draw the vert line a d. crossing * y at JJ. 
Then 6 g will give the friction In v q. 

Art. 1 k. If the pipe in enrved, aud 

if the curv attire I* uniformly distributed alrnig its length, or 
ao slight that it may be neglected; the friction bead* reqd 
for the several portions of the pipe, mat be found in the 
same wav m Tor straight pipea, aa In Art 1 H. Otbenrim 
thev must ho found by proportion, as in Art 1 G. 

Art. 1 I. While water is fill!nr 
an empty pipe, the excess of the total hew 

above the requirementa of friolion. &c, gives to the waters 

if renter tel than it hua after the pipe in filled; 

nut tins giaduallv decreases aa the advancing water encoun 

E the friction along the increased lengths of pipe tilled; and flually-become* I sail when the water 
the whole length, and begin* to flow from the disoh end. o. But If only the vel and entry 
head* are lert above the entry eud, aa lu a pipe laid from * to o, there will plainly be no such exoea* 
tt total bead, and. consequently, no such change of vel during the Oiling of the pipe. 
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Art. 1 m-r.* Relation between diMcharge, area, velocity and 
pre%Niire. In Fig I B-I >, wheie the pipe, b F, i mining lull, receives water 
from an unlimited reservon, A*, at b, aim discharges thiough an outice, F\ the 
volume ol watci, passing any given cross section of b F, in a given tune, is 
constant and equal to tlie rate of discharge at F Thus;—if the rate of discharge, 
at F, he Q cubic feet per second, then cubic feet will pass each cross section of 
the pipe, b F t per second. 



Let o -= the area of cro*s section, and I’ the velocity, of the mi earn issuing 
through the slant pipe bev mid /•’ I' is called the vcim itj ol elllux 
last .4,, .to, etc , he the different areas of cross section of >> /•', and h t 1 1 , i,, etc t 
be the velocities at those etoss sections respectively 'I hen V « F A ] t/, 

— A 3 n, etc.; or I' = ^ , i, - ^, v 3 - , etc In othei wmd\ the veloei- 

a A\ A.. 

ties aie inversely as the areas of cross section. Also, a - ( f r , .4] A- 

l i , t’j 


etc. 


The losses of ptessure, due to the velocities, respectively, ate <1, ' l , </.. - [f 

. {/ Z Q 

ete.; as represented hv the ordina:e B between the line <> </, of static presume, and 
the diagram, o 1 2 3 4 5 6 F, of actual presumes 'f he ditfeience, due to velocity, 
between the pres heads at any two poiuis, as r } and wheie the velocities *re 

r,* i./ r j* - - r 2 2 * 

o t and tv; respectively, is )> 2 — Pi " "i — "2 '— , t t) 

The remaining pressuie head, p )t etc, at any point, is - static head in 
reservoir — velocity head at the point," // — d u Jl — <L, eti 
The loss ol pressure head, at F, is (6 F) p-, - J/ — if,, and the piessure 
drops to zero , t.e., to the atmospheric pressure 
Art. I#. Open piezoioelers. It the lower cud* of veitical or inclined 
tubes, open at both ends, lie inserted info a pipe, h F, Fig. 1 U />, as at r„ r a 
etc , the water surface, in these tidies, will stand at heights, p„ etc , corre¬ 
sponding to the pressure heads at the point*, where the tuhes are inserted Such 
tubes are called open piezometers. In order that the water level tnav lie 
observed, thev are of glass «t least in those poittnnv wheie that level is likely to 
be found. An obstruction, in the pipe, between c, and F, would raur the level 
in a piezometer at c s ; while an oiiMiuction between t, and would lowti it. 


♦In Art. 1 m-r, for simplicity, we neglect all resistances, including those du# 
to the abrupt enlargements and con tractions of the pipe. 
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Art. 1 #. If we imagine any pipe, full of water, to be supplied with a nuntbet 
&f piezometers, then a line, joining the tops ot the columns of water m the several 
pie/.ometeis, is culled the hydraulic grade line. 

Art. I U. In a stiaight tube ot umtoim diitni thioughont, as r o, r n, or / o. Fig 
1, running foil and discharging freely into the air, the hill guide line is a straight line drawn 
from its dwell end o to a point a iiuniednitelj over the entry end of the pipe, and at a depth below 
the Huir equal to the sum of the tel .iud <:utr\ heads. 

If the orifice al « be contracted, the liyd grade line must be drawn 

. ' . mmediutely over o, and depending, foi us height. u|n>n the amount of 

contraction at o Put in this case 
the point a will also he higher than 


from a to some point, as 

b' 


Pisr.l E 




hefori, because the tel in the pipe is 
reduced lit the contraction ; and the 
sum t a of the tel and entry heads 
will be less. 

11‘ the disch at o is 
under water, the effect 
upon the position of the grade line 
will lie the same as that of a con¬ 
traction of the orifice at o. The 
|Kiim « will ho on the surf of the 
lower water, and uumediauly over®. 

If tile pipe, of uniform 

diam, (whether discharging Inch or through a con¬ 
tracted opening at o. whether into the air or under 
wittei\ is bent or curved, the hyd grade 
Hue will still Lie Hh.ught. provided the 
resistances are equal In inch iqiial division of the kor 
length cd tin pipe a< In Fig 1 K, whi it equal ditiMont 
t> vs ii i, &i ol 'lie total length, coritspoud with equal 
dniMous i a. u h Ac, of the hnr length. 

Hut in fig 1 T. the hvd graue line will take the 
■ha!»:* ii o Kor if. in atcordauce with Art I <i. we 
•lit nli a o into two equal p >rth. s m, r» », correspond¬ 
ing w uli the two equal parts t> r. r o of the length of Hie 
0 pipe, we ol.uiu iHcrm lor the head cousuou n iu ttie 
reals lances Id or, leaving only r a for the prt> hi ad at r. 
I rl I ic. in a tort large vessel, the loial head upon ant point al ilio level 
•! tli entrance / to a pipe /«</ Fig 1 is t (‘presented l*y‘» , as aln-adt ox- 
'• •n , ’l hut ol this total In-ad a portion as / *, iC ]«> ( |uiml to act an 

v r V head and entry head for I lit* entrance at /, leaving unit v/ as the pres- 
suie head upon a point in the jniu % immediate!} 10 
the right ot /. 1 bus while the pressure, in pounds 
l*cr square inch, m the ivmi/ at /, is 
jr - if \ 0 4o4 . 
that in the ftipr at / is 

P=v/MU::i. 

Hut now a portion, as .w, of ,v/, is expended in 
to in halaiieing or “overcoming” the lesistauces 
throughout that poitinii of tlie juik*. and in doing 
this work, it gradually diminishes ftom o at/l to 
nothing (at «) as indic.ited in the dotted line sf. 
1 hus,at 1 he point d, a pm rum he has alieadv been 
expended m oteicomuig the resistances in the pipe 
between / and »>, lea\ ltur ei. as the pressure head at 
<i, ot which r in must still |»e expended against resist¬ 
ances in the wide pipe between ii and o, leaving 
T .‘u* ‘,7 r J‘ ? s 11,0 l' r< "* SUIl ‘ ,u ' aJ h»r a point just 
to the left ot the contract inn at » The pressure in 
/f< is thus gradually diminished from si (in /) to 

'-*>• *»« -wr *«»<! fooi.' 


• (l V 
( — 

- i --k-t-y 

\ r tw 


-Ji _ 

0 

Eijt.l U 



«hse».,d the same quantity ot water paver eaeli p, in ami tLis 
EeaS.*" = “ r ™ X »» ".<• area llialislw, tile 


lenee, as the area diminishes, the velocity 





520 


HYDRAULICS. 


the end o' oi the pipe, as indicated by the dotted line so', being all expended m 
oveicouiing the resistances in o o'. Wo thus have, for the hydraulic gradient in 
Fig 1 C, the broken line ises'o'. 

When the pressure is thus diminished by overcoming resistances, or by ac¬ 
celerating velocity, the diminution is culled loss of li<-n<t. Thus we saj that 
i a is lost at the entrance /, a i as lrietiou head in In, e.$' at the contraction o, and 
a’o as tnetiou head in o o', 

At o\ ail the available head, i l, has been used up. The water flowing out at o', 
therefore exerts no lateral pressure, s> that the stream flows out iu paiallel lines, 
and its capacity for forward pressure is due entirely to its kinetic energy (energy 


but this last is of course balanced by the air pressure from without against the 
opening o'. Where a great reduction of cioss sectional area in a pijK) is followed 
(down-stream) bj a re-enlargement, the me;ease of velocity may (under certain 
circumstances) consume not only the entire head of nu/er,*but also a portiou or 
all of the atmospheric pressure on the surface in the reservoir, thus causing a 
partial or complete vacuum at the constriction. See the Venturi Meter. 

Tile syphon, or siphon Tf one leg a & of a bent tube or pipe a be, 
Kig M, of any dl.i'u. filled wuh water, and with both it* end* stopped, 
be placed id a reservoir of water, as in the tig, and If the stoppers be 

b then removed, the water in tho reservoir will begin to tlow out at c, aud 
will continue to do m> until its level is reduced t» t, which is ihe same an 


that of the highest end c of the pipe or syphon. The now will then stop. 
/ A \ The parts a b aud 6 c arc called the leg*' of the *\ plum, b bung ll» high 

/ / i\ \yf cat point, aud this in correct bo far as retail * to It nierolv as a piece of 

// ;\\ tube, but considering it purely with regaid to itschnracter as a 1 vdrau- 

/ / i \ \ lu* machine, the part t a helow the level of the highest end e. rnav be en 

1/ i irei L\ V tirely neglected, for the wo.ter In the reservoir will not be drawn down 

■HS§tlS||r"t® V \ Ik low the level of the highest end, whether that be the inner or thentiler 

- iV /k M i \\ one. Therefore, if the duch end be above the water in the reservoir, as, 

'• \ \ for instance, at v, no flow will take place. The vtrt height bo. from the 

~ h~)y3 i \ \ highest part of tho syphon, to the lowest level t, to who h the rem rvotr 

♦. f7L. -kll ■- . Lj* i. to be drawn down, must not, theorcucullv. exceed about .13or M ft, 
/ / I A ® filr' "r lliat at which the pres of the air will bus* tin a column of water. 

// H P\\ Practically it must be less, to alluw for Lb" friction of the lli.wmg water, 

// [VJ and for air whb.h forces its way iu. Aud still less at places far above »ea 

IS■. till 'Ml level; for at such the reduced weight o'the Dlmosphenc column will not 

I balance no great a height of water. In order reaclth to understand, or 

%r at any time to recall the principle on which the svphou acts, bear In 

^ • mind that we may theoretically consider the end of the inner leg to be 

not actually immersed below the water surf, but nnlv to lie kept precisely 
at it. aa the surf descends while the wat> r is How ing out , but may rts- 

C l the vert dist bo as the length of the outer leg; ..nda vary lug di*t, which at first is 6 s, and finally 
(as the surf or the reservoir descends) as the length of the inner leg; and that the flow oontinuer 
waly while fAu outer leg is longer than thi* Inner one The books are wrong in aaj ing that the outer 
leg 6 c must be longer than the inner one b a, in order that the water may run st all. The principle 
then la simply this: that both these legs be, and bt, being first filled with water, (the part (a being 
•onsldered at first as a portion or the reservoir, and not of the syphon,) it follows that when the stop¬ 
pers are removed from the ends c and a, the air presses equally against these ends; but the great ven 
bead of water bo in the outer leg be, presses against the air at C, with more force than the small head 
•f water b« in the inner leg 6<, does against the air «t o or <.• Consequently, tho water in 6 c will 
tend to fall out more rapidly than that in b<; and as it commences to fnli, would produce a vacuum at 
b, were it not that the pres of the air against the other end a or i. forces the water up i b, to supply 
tie pi toe or that which flows out at c. In this manner the fb.w continues until tho surf of the water 
in the reservoir descends to t. on the same level as c. The pressures of the vert heads bo, bo, iu the 
two legs 6 c, bf, being then equal, tt oeaaea. 

The syphon principle may be employed for draining ponds into lower ground 
at a considerable dist, even though an elevation of several feet (in practice per¬ 
haps not exceeding about 28 ft above the level to which the pond is to be re¬ 
duced) may intervene. In such a case an escape must be provided at the 
summit (or summits, if there are more than one) of the bends, for the disch of 
free air, which will inevitably enter, aud soon stop the flow, unless this precau¬ 
tion be taken. The air-valve will not answer for this, because as soon as the 
valve v opens, the syphon becomes in effect two separate tubes open at top; 
and the water will fall in both. An orifice at the escape will be needed for filling 
the syphon at the start; and to prevent the water thus introduced, from run¬ 
ning out, stopcocks must be provided at the ends, and kept closed until the 
filling is completed. 

The greatest pains must be taken to make all the joints perfectly air-tight. 
The motive power or head which causes the flow in a syphon, is the 
vert dist a o, from the surf of the reservoir, to the dutch end c; or in other words, 
it is the diff,« o, between the theoretical lengths b s and b o, of the two legs. Corv 


* Said pressure of the air is of course not exerted directly at a or »; but is 
transmitted to a through the water in the vessel; and tnenoe upward to t 
through the water in the syphon. 
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Beqnently,the farther <■ is below .s the more rapid will be to®flow; and it is plain 
that as tfie suri gradually sinks below .v, the less rap’d will the flow become. Hav¬ 
ing this head, the entire length aft c of the svphoti, and its diani, all in ft. the 
diseh may he found approximately by either of the rulcx given in A rt2 for straight 
pipes. These rules give 55^ galls per min, instead of I he galls actually dischd 
by Col Crozet’s syphon, with a head of 20 ft. See below. 

In a true syplion. ai/ni/o 1 ig 1 i, jir> fnun air inside, and running full, 
llie total lu*ad pn is measured vertically from the surface mi in the reser¬ 
voir to the center of gravity of the outlet' a, as in Fig l, tlio hydraulic 
gradient (with the restriction ns.med in Art 1 i) F, as before, a straight line 
* ■ .s ro draw n from the foot x 


the point in question to 


--,p of the combined entry and 

! j r telnet n heads to the end 

,?j . J\W o. and the velocity and 

j dischaige are the same as 

,-Jf_ !(, they would be if al 1 parts 

|V. of the pipe were brought 

\ \ t ! below sro. But see cau- 

V T : ti«*ns 1 and 2, below. 

r | The pressure at 

VV'-- --J any point, q, n or y, is 
v S —^ u then given by a vertical 
* lire, </v, in or yi, drawn 

but for points, as n, Mtuated abort ,s > a, this 


v is ntqatire or mu an!, while :ii jKunts where si o and the pipe are at the 


same level, as at i and e, there is neither pressure nor vacuum 
Caution 1 . But if the water be admitted to the empty pipe at a, while the 
end » is open. the pipe will not form a true syphon The i>art agn will then run 
full, and will have sen as its hydraulic gradient, but upon reaching at «, a 
portion no of the pipe with a much steeper grade, the water will run oil, in no, 
with a vchanty greater than that with which it arrives from on. Hence the 
stream in no will have a less area of cross section than in an, and therefore can¬ 


not fill no, but will run off in it as in an open gutter. 

Caution 2. 'J he tendency to vacuum at points above vro causes an accu¬ 
mulation, at n, of particles of air that have been carried into the syphon by the 
water or have found their way in through imperfect joints, etc.; and these 
bring about a condition approaching that described in Caution 1; for their 
expansive force, by reducingtbe negative pressure or vacuum n r at n,diminishes 
the total head hi of the part agn, while, by practically reducing the cross-sec¬ 
tion of the syphon at n, tney require that a portion of the remaining head be 
iced at n, as entry head to overcome the resistance caused by the contraction, 
and as velocity head to give the increase of velocity needed for passing the nar¬ 
rowed section at n Now since the friction head required for the part agn re¬ 
mains about the same, the velocity head in the reservoir is considerably dimin¬ 
ished, and the water arrives at n too slowly to keep n o filled. The accumulation 
of air at n thus retards the flow and disturbs the distribution of the pressures, 
so that these are no longer correctly indicated by vertical lines drawn to si o. 

At Bine Ridge Tunnel, Virginia, Col. C. Crozet constructed a drainage 
svphon 1792 ft long of cast iron faucet, pipes 3 ins bore, 9 ft long. Its summit was 
9 tt above the surface of the water to 1 m* drained ; and its discharge end was 20 ft 
below said surface, thus giving it u head of 20 ft. At the summit 570 ft from the 
iulet, was au ordinary cast irou air-vessel with a chamber 3 ft high and 16 ins 
inner diam. In the stem connecting it with the syphon was a cut-off stop¬ 
cock : and at its top was an opening 0 ins diam, closed by an air tight screw lid. 
At eacn end of the syphon was a stopcock. To start the flow these end 
cocks are closed, and the entire syphon aud air-vessel are filled with water through 
the opening at top of air-vessel Tins opening ir then closed airtight, and the two 
end cooks afterwards opened ; the cut-off cock remaining open. The flow then 
begins, and theoretically it should continue without diminution, except so 
far as the head diminishes by the lowering of the surface level of the pond. Bnt 
In practice with very long syphons this is not the case, for air begins at once 
u> disengage itself from the water, and to travel up the syphon to the summit, 
where it enters the air-vessel, and rising to the top of the chamber gradually 
drives out the water. If this is allowed to continue tne air would first fill the en¬ 
tire chamber, aud then the summit of the syphon itself, where it would act as a 
wad completely stopping the flow. The water-level In the air chamber 
can be detected by the sound made by tapping against the outside with a hammer 
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To ore vent this stoppage, the cut-off at the foot of the chamber is 
closed before the water is all driven out; and the lid on top being removed the 
chamber is refilled with water, the lid replaced, and the cut-off again opened. 
The flow in the meantime continues uninterrupted, but still gradually diminish¬ 
ing notwithstanding the refilling of the chamber; and after a number of refill¬ 
ings it will cease altogether, and the whole operation must then be repeated by 
Piling the whole syphon and air chamber with water as at the start 

At Col. Crowd's syphon at first owing to the porosity of the joiut-caulkiug, 
which was nothing but oakum and pitch, air entered the pipes so rapidly as to 
drive all the water from the chamber and thus require it to be refilled every 5 or 
10 minutes; but still in two hours the syphon would run dry. The joints were 
then thoroughly reeaulked with lead, ana protected by a covering of white and 
red lead made into a putty with Japan varnish and hoi’led linseed oil. Rut even 
then the chamber had to In* refilled with water about every two hours; ami after 
six hours the syphon ran dry, and the whole had to he refilled. In this way it 
continued to work. 

Care in making the joints air-tight, and an outside and inside coating of the 
pipes and air-vessel with coal pitch varnish are important precautions. 

Art. 2. Approximate formulw* for the velocity ot water in 
straight, smooth, cylindrical non pipes, as i o. i o, la, Fig. 1. Having the total 
bead p o, and the length ami diameter of the pipe. 

Approx ] rat-rtii b-nt dwm m ft < hSTiSp - 

mean vel V = iu Xa. — r. 

in ft per sec ) as below \ total length in It r <>4 diams in it 


Table of coefficientst ** in 


Diam of pipe, 

feet inches 

in 

IMani o! pipe, 

teet inches 

111 

0.1 

1 2 

23 

1.3 

18 

58 

02 

2 4 

80 

2.0 

| 24 

57 

03 

.:.6 

34 

2 5 

1 80 

60 

0.4 

4 8 

37 

3.0 

| 86 

62 

0.5 

6.0 

39 

3.5 

42 

64 

0.6 | 

7 2 

42 

4.0 

4s 

66 

0 7 

S.4 

44 

5.0 

1 60 

68 

08 

9.6 

46 

6 0 


70 

09 

10.8 

4" 

7.0 

St 

72 

1.0 

12 0 

48 

10.0 

12 '» 

77 


For heads not less than 4 feet per mile, this formula gives results practically 
corresponding with those by Kulter’s formula (p. 523) with coefficient n of 
roughness — 0.012. Rut slight differences, as to roughness, etc , may cause con¬ 
siderable variations of velocity, espoeiallv hi small pipes, fin, in such pipes, a 
given roughness of surface hears a greater proportion to the whole area of surface 
than in a pipe of large diameter. Extreme accuracy is not to lie expected in 
such mattei«. 

As iti a river the velocity half way across it, and at the surface, is usually 
greater than at the bottom and sides, so in a pipe the velocity is greater at the 
center of its cross section than at its urnunf. The mean velocity 
referred to in our rules is an assumed uniform one which would give the same 
discharge, that the actual unuuifornt one does. 

Hence 

Discharge — Wean velocity y Area of crow* weetion 

in cub ft per sec in It per sec A of pipe in sq ft. 


1 cubic foot =* 7.4M52 U.8. gallons 
I U. N. gallon =* .111.108 cubic toot» 231 cubic inches. 


• For Intermediate diameters, etc, tekf. intermediate coefficients from the table ty simple pto 
portion- 
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In the case of long pipes with low heads. the sum of the velocity and entry 
heads is frequently so small that it may be neglected. Where 

this is the case, or where their amount can be approximately ascertained, Knt> 
formula, although designed lor open channels, may be used. This 
formula is the joint production of two eminent Swiss engineers, E. (ianguillet 
and W It Kutter, but for convenience it is usually called by the name of the 
latter * 

It is properly speaking, a formula for (hiding the coefficient c in the weii 
known formula, 


Mean velocity = c l/mean radiuTTx“tTope 
idumeter 


■ «\ 


According to Kutter, 


For llnglisli measure. 

,. r , -«02S1 1.811 

41.6 + , -f 

slope n 


X slope 


For metric measure. 


11 6 - 


.OOldrtl \ 
slope ]” 

l/'nieair rad m feet 



j/inean rad in metres 


See also tables ol e. pp oiMJetc. 

Tlie mean ratlins is the quotient, in feet or in metres, obtained by divid¬ 
ing the area of wet cross section, in square feet or m square metres, by the wet 
P rimeter (see below) mi lcet or in metres In pipes running lull, or ex net lv half 
bill, and in semicircular open channels tunning full.it is equal to one-fourth of 
the inner diameter. 

Tlic wet perimeter is the stun, ab c o Fig <', p of the lengths, a b, 
!>(,( i, in (eel or in metres, found by moasuung (at light-angles to the length 
ol the ehanmh such pints of its bides and bottom as aie m contact with the 
watei In pipes tunning full, it in of emu sc equal to the mner ciieumlerence. 


Fur 111** slope, we hate 
Slope 


flirtion head w o Fig 1, 
length of pipe. 

In open channels, this heroines 

Slope — wa * t ’ r H,,r f a<,< ‘ * n any portion ol the length of the channel 
length of that portion 

*= fall of water surface per unit of length of channel 

* sine of the angle formed between the sloping surface and the horizon. 

The number indicating the slope in any given case is plainly the same for 
English, metric and all other measures. 

It a •• rorflirirnl Of ruQKhncNH'' of wet perimeter, mid ercounw 
depends ohiell, upon llm eliarneter ot tlie iunei nurture of the pipe »s related to 
lyoHiBK ill tjiwtor «!■«• »f » hi large than in 

may lie taken 

ib in exceptioually good condition. See pp. 564-5. 


For iron pipes in good order and from 1 inch to 4 feet diameter « 

“ “ t n fl " ni V 10 t .°. u012 ; ,he fo-er f'Burea I,ring used where tlie pi'pe 
uually good condition. See no. 564_r> * 1 


and 


r [»***« ( *1 •«* and Kill te., by Rudolph Herins 
id John C. Iran twine, Jr., New \ ork. John Wile} & Sous, l»S 9 . ft 4 .no g 
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Curves and bends do not greatly affect the discharge, so long as tlie total 
heads, and total actual lengths of the pipes remain the same; provided the tops 
of all the curves he kept below the hydraulic grade line; and provision be made 
for the escajve of air accumulating at the tops of the curves. 

Relation between area, velocity, and discharge. 

T.« t ij . rate of discharge (as in < ubio feet per second), 
r - mean velocity (as in leet per second), 

<1 -- area of cross section (as iu square leet). 

Then: q = ar: ,' = , ; a 

a v . 

Relation of discharge to diameter* and slope. If we assume 
velocity -- c i mean radius X slope, or v - c. pr a (page 523); and if the pipe 
be of circulai cross section, we have, for the rate, Q, of discharge, through a pipe 
of diameter, d, and urea, A, of cross section, runmug full - — 

ir it 1 <1* e*d‘* 

y Ac— 4 ’ c a * ’ 8 ; 

or: Q is proportional to the & rJ power (square root of fifth power) of the diam¬ 
eter, and to the % power (square root) of the *lo|>e. For tables of fifth powers, 
and of square roots of fifth powers, see pp 67-69 


Effect of reHiNtanceN. 


The pressure head of runmug water, upon any point iu a pipe between 
the orifice and the reservoir, is: 

the head consumed 1 


f the total 1 
= -< head on > minus 
(that point) 


the head 


j . fh the in overcoming re¬ 
vel at + «ntry + enhances in the pipe 
that point 


head 


between the reservoir 
and the point. i 

Thus, at the point 6 , in the pipe, 1 o, Fig 1, the pressure head is K (3 6 ) = (1 6 ) 
— [(12) + (2 3)); where (12) = i i the sum of the velocity and entry heads 
At 4, in the pipe r o, h — (3 4) = (14) — [(1 2) + (2 3)]. 

In Fig 1, let the straight line, s o, represent the actual length of the pipe, 
whether straight, bent or curved, etc.; and i r the sum of the resistance* 
(■upposed to be uniformly distributed) within the pipe Then, the angle, » o v, 
la called the hyd rau lie gradient, and sine t o tt = s r s o 
In the vertical pipe, t» o, Fig 1 A, the pressure, at 7 , is - g d 


* Diameter = 4 X mean radiua, or d - 4 r (p 523). 
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TABLE OF WEI OUT OF WATER CONTAINED IN ONE 
FOOT LENOT1I OF PIPES OF DIFFERENT BORES. * 

(Original.) 

Water at maximum density, 62.425 lbs per cubic foot = 1 gram per cubic centi¬ 
meter , corresponding to a temperature oi 4° Centigrade = 39.2° Fahrenheit. 
Weight — 0.:t4047f>r>, r >8 X square of bore in inches. 


Ih > re. ♦ 

Water. 

Jl<>re.* 

Water. 

Bole.* 

Water. 

Bore.* 

Water. 

Ins. 

Ll«. 

Ins. 

Lbs. 

Ins. 

LI*. 

Ins. 

Lbs. 

1 / 

0.005320 

6 

12.25712 

23 

1X0.1116 

62 

1308 788 

'i 

0 . 0212 X 0 

H 

13.29983 

24 

196.1139 

63 

1351.347 


0047X79 

r.;-. 

14 38509 

25 

212.7972 

64 

1394 588 


0.085119 


15 51292 

26 

230.1615 

65 

1438.509 


0 132998 


16 683.40 

27 

248.2067 

66 

1483 112 

H 

0191518 

~ X/ \ 

17.8**625 

28 

266 9328 

67 

1528 395 

it 

0 2i.UT.77 


19 15175 

29 

286.3399 

68 

1574.359 

i 

0.340476 

r'-l 

20 41981 

30 

306.4280 

69 

1621.004 

VA 

0.430914 

8 

21.79044 

31 

327 1970 

70 

1668 330 

\4 

0 5319*1 '• 

!»*,' 

23.17362 

33 

348.6470 

71 

1716.337 

0.643712 

8 * o 

24 59936 

33 

370.7779 

72 

1765 025 

i« 

0.766'i70 

»>: 

26 06766 

34 

393 5897 

73 

1814.394 

i% 

0.89906S 

9 

27.57852 

35 

417.0826 

74 

1864.444 

\V. 

1.042706 

9‘ i 

29.13194 

36 

441.2563 

75 

1915.175 

1 % 

1 196981 

9*^ 

30 72792 

37 

4G61110 

76 

1966 587 

2 

1 361902 

y.',T 

32 36646 

38 

491 6467 

77 

2018.680 

2 *X 

1.537460 

10 

34 04756 

39 

517.8633 

78 

2071.453 

■K 

1 723658 

im.; 

37 53743 

40 

544 7609 

79 

2124 908 


1 920495 

li 

41 19754 

41 

572.3394 

80 

2179.044 

2 *., 

2.127972 

m; 

45 027X9 

42 

600.5989 

81 

2233 860 

•>sT 

•2 .'146.089 

12 

49 02X4S 

43 

629 5393 

82 

2289.858 


2 574846 

12 *X 

53 19931 

44 

659.1607 

83 

2345.536 

iV„ 

2.814243 

13 

57 540 17 

45 

689 4630 

84 

2402.396 

3 

3.064280 

13*.; 

62.05167 

46 

72*1.4463 

85 

2459.936 


5 324957 

14 

66.73321 

47 

752.1105 

86 

2518.157 

■d 

3.596273 

14*4 

71.58499 

48 

784.4557 

87 

2577.060 

3 878229 

15 

76 60700 

49 

817.4818 

88 

2636,643 

3'A 

1.170826 

15» 

81 79925 

50 

851.1889 

89 

2696.907 

M 

4.474062 

16 

87.16174 

51 

885 5769 

90 

2757.852 

3-V 

4.787938 

16*4 

92 69417 

52 

920.6459 

91 

2819.478 

m 

5.112453 

17 

98 39744 

53 

956.3958 

92 

28X1.785 

4 

5.447609 

17*X 

104 27064 

54 

992.8267 

93 

2944.773 

4*4 

6.149840 

18 

110 81408 

55 

1029 9386 

94 

3008 442 

4 >| 

6.891630 

18*..{ 

116 52776 

56 

1067.7314 

95 

3*172 792 

4 <J 

7 681980 

19 

122 91168 

57 

1106.2051 

96 

3137.823 


8 511889 

19*4 

129 465X3 

58 

It 45.3598 

97 

3203.535 

<-,i < 

9.384358 

in 

136 19022 

59 

1185.1951 

98 

3269.927 

M..; 

10 299386 

21 

150 14972 

60 

1225.7120 

99 

3337.001 


11.256973 

22 

164 79017 

61 

1266.9096 

100 

3404.756 


The wetK-ht of water in a given length (as one foot) of any tripe or other 
circular cvlinuer is In proportion to the square of the bore or 

inner diameter. Hence the weight of water in 1 foot length of any cylinder of 
other diameter than those in the table can he found by multiplying that for a 1 
inch pipe, 0.340475558, bv thesquareof the inner diameter of the given cylinder in 
inches. Thus, for a cylinder 120 inches diameter: diameter 2 — 120* = 14400, and 
weight of water in 1 loot depth = 0.34047 >558 X 14400 = 4902.848 lbs. Or, weigh! 
for 120 ins. dlam. = 100 X weight for 12 ins. diam. = 100 X 49.02848 = 4902.848 lba 
Similarly, (^1 a 5 t 9 ff = 0 191406, and 0.340475558 X0.191406 = 0.065169 lb. - 
weight in 1 foot of -fa inch pipe. Here, also, ^ = half of |; hence, weight foi 
■jJj inch *== on e-fourth of weight fur | inch — one-fourth of 0.260677 =* 0.065169. 

Weight or one square tneh of water 1 foot high, at 62.425 lba. 

per cubic foot « 62 425 *- 144 -- 0.4X1507 It). 


♦Actual. See nominal and actual diameters, foot note, p 526. 
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Pines*. Arenai Content*; Squnre root* of Dinmetero. Original. 

K . ritamptpr* in inches; d — diameter in foot. 

A — cross section area in sqft, = cub ft in 1 ft length. 

For d, see p 221. Thus; let D = 17% ins = 1-ins + *>% in^ 
Thru (p221) ,1 = 1 ft + 0.4T82ft = 1 4792 ft. Or. square V ,1. 


V, 0 0003409 0.144 
*/,. 0.0005327 0.1M 
■/« 0.0007670 0.177 

0.001044 0.101 

V, 0 001364 0.204 

•/,„ 0 001726 0.217 

0.002151 0.228 

u/w 0.002578 0.239 

»/! 0.003068 0 250 

n/,« 0 003601 0.260 

V, 0 004176 0.270 

is/.. 0 004794 0 280 

1 ' 0 005454 0 289 

y,, 0 006157 0 298 

i ' 0 006903 0.306 

0 007691 0 315 

./ 0.008522 0 323 

»/„, 0.009396 0.311 

«/" 0.01031 0.339 

y,„ 0.01127 0 346 

y 0 01227 0 354 

•A. 0 01332 0.161 

0 01440 0 368 

• 0 01553 0 375 

>/, 0 01670 0.381 

0 01792 0..1R9 

i/I 0.01918 0.395 

“/,« 0 112047 0 402 

5 0 02182 0 4118 

</,, 0 112320 0 415 

0 02463 0 421 

*'/., (1.02610 0 427 

■ A 0 02761 0 43.1 

•/,„ 0.02917 0 439 

>/„ 0.03077 0 446 

</., 0 03240 0 431 

■A 0.03409 0,456 

>/„ 0 0.1581 0 462 

«/, 0 03759 0 468 

■>/.„ 0.03939 0.473 

./ 0 04125 0.479 

,y... 0 04.13 5 0 484 

0 04508 0 489 

.•/„ 0 04707 0 495 

/ 0 04909 0.500 

II. 0.05327 0 510 

y, 0 05761 0.520 

*/, 0.06613 0 530 

y. 0 06681 0 540 

»/, 0 07167 0 550 

>/, 0 07670 0 559 

>/„ 0.08190 0.568 



0.08727 

0.577 

Vs 

0.00281 

0.586 

V\ 

0.09851 

0 595 

i 

0 1044 

0 604 


0 1105 

0 612* 

K 

0 ll<-7 

0 621 

% 

0 1231 

0.629 


0 1296 

0 637 


0 1.164 

0.645 

i' 

0 1433 

0 654 

», 4 

0 1503 

0.661 

% 

0 1576 

0 669 

i 

0 1650 

0 677 

r., 

0.1726 

0 685 

% 

0 1803 

0 692 

% 

0 1883 

0 700 


0 1964 

0 707 

l j 

0 2131 

0 722 


0 2304 

0 716 


0 2485 

0 750 


0 2a73 

0 764 


0 2867 

0 777 

i„, 

0 3068 

0 791 


0 3276 

0 804 


0 3491 

0.816 


0 3712 

0 829 

i 

0 3941 

0 842 

% 

0.4176 

0.854 


0 4417 

0 866 

V, 

0 4667 

0 878 

& 

O 4922 

0 .8‘>0 

% 

0.5185 

0 901 


0 -454 

0 013 

«4 

0.5730 

0.924 

1 .i 

0 6013 

0 935 

% 

0 6303 

0 946 


0 6599 

0 9.v 

V, 

0 6903 

l) 968 


0 7213 

fl 979 


0.7530 

0 990 


0 7H'4 

1 mil 

i ( 

0 8185 

1 010 

i 

1 ) 8522 

1 021 

% 

i. KKo6 

1 031 


II 9218 

1 041 

1/ 

0 '<575 

ll-l 

i. 

0 9940 

j fill 1 

% 

1.0 31 

1 07' 

. 

1 l»69 

1 i H' 


1 308 

1 09. 

Vi 

1 147 

l.tj'« 

•y. 

1 187 

i Hi' 



1 227 

1 118 

A 

1.268 

1.127 

>- 2 

1.310 

1 137 

>4 

1.353 

1 146 


1.396 

1 155 

v t 

1 440 

1 164 

If, 

1.485 

1 173 

% 

1.530 

1 181 


1 576 

1 190 

x\ 

1.623 

1 T>9 

1., 

1 670 

1 208 

% 

1 718 

1 216 


1 767 

1 225 

Vi 

1.867 

1 242 


1 969 

1 258 

i' 

2 074 

1 275 


2 182 

1 291 

i 2 

2 292 

1 307 


2 405 

1 323 

• i, 

2 521 

1 339 

* 

2 640 

1 354 

l, 2 

2 761 

1 369 


2 88- 

1 384 

i - 
J 

3 012 

1 399 


3.142 

1 414 


3 409 

1 443 


1 687 

1 472 


3 976 

1 500 


4 276 

1 528 


4 587 

1 *5$ 


4 909 

1 581 


5 242 

1 607 


5 585 

1 633 


5.940 

1 (.'8 


6.305 

1 o83 


6 681 

1 708 


7 06° 

1 732 


7.876 

1 780 


arc the actual ones, as mesurod in inch.-. 1 1‘V" J.ilL 

steam, gas and water pipes are commonly designated b.v 

or ‘‘nominal’' diameters, width an- mere arbitrary names In tie 

smaller sizes especially, the discrepancies are 

pipe whew • nominal'* inner diam is owe ttyhth inch has an actual 

inner diam of full quarter inch. See p 1161. 
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Art. 3. Theory oi flow in long pipes and channels. 
Resistance to flow. When one solid body moves over anothor, most 
of its particles retain practically their original relative places; but when 
watei flows, as in a pi]ie or channel, the roughnesses and irregularities, 
which exist in even the smoothest surfaces, disturb the current, the several 
particles describing spiral or other paths not parallel to the general duectioa of 
flow. Resistance to flow is believed to be due to such disturbances, rather than 
to friction proper, as we unde:stand it in solids See p 407, and ^ 194. p. 415 
In the absence of complete knowledge respecting the nature of these disturb¬ 
ances, we are forced to rely upon experiment m determining the mannei and 
extent of their influence upon the flow. 

Menu velocity: rate of discharge. Figs A, B. In a pipe or 


Fiff. A. 



Ft «. R. 


A 

Velocities, ft. per second 

channel, owing to the disttnhmg influence of contact with the sides, the 
particles of wntei move in loittioiis piths The mean velocity, thtough 
the entile cross section at any point, is the 'pint tent obtained by dividing the late 
oi dischaige by ttie aieaof cini>' M*cuoti At any giten point m a cross 
section, the velocity, as looorded l>v any bum of current tnetet, is the com¬ 
ponent, paralhl to the a\isot the pipe, ol ilie tutnul velocity of the panicles 
passing that point. We deal, at piesent, only with eases ol “steady flow," 
i. e , where the velocity, at each point, ioniums constant. 

The velocities, an measured at different points in the 
cross sect ion of a pipe or channel, are generally least near the sides of pipes, 
and neat the sides and bottoms of channels 

In Fig A, the longitudinal section shows one of many series of velocity meas- 
iiieinents by Mess is Williams, Iluhhell and Fenkell * on a cast iron pijKi, 16 ilia 
diameter The n iea-.u reuuuls were made, by means of the Pitot tul*e, on a ver- 
ln .(1 diameter, such as A \ hi the cros, set. t ion The horizontal distances of the 
sevcial points in the curve, a ft r, from the vertical line, 0, represent, by the 
scale below the figure, the velocities at the scveial points in the diameter. In the 
<ross section, the several curved lines arc lines of equal vel. 

Fig B shows the results of measurements of velocities in a cross section of the 
Sudbury Conduit, Mas->.,t 9 feet wide, Sleet deep. In the longitudinal section, 
th© velocities, at ditten nt depths on the lines A A and B B of the cross section, 
are (approximately) indicated as in Fig A. In the cross section, the several 
curved lines aie lines of equal velocity. The innermost one corresponds to a 
velocity of It ft. per second ; the next, to 2.9 ft per second, and so on. 

•Trans. Am. Soe. (Tv. Engrs., Vol. XLVil, plate LV, p. 66. 
fF. P. Stearns, Trans. Aw. Soc. C. E., Aug. 1883, Vol. XU, p. 32L 
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Formulas for diflchnrg'e, q, and mean velocity, r, In a given 

length. L, of a straight pipe or channel of uniform wet cross section. 
Referring to Fig. C, let 



L — the given length; 
p = the wet perimeter, a b c o; 

A = Lp — tlie area of the wetted surface, 
a = the cross section area of the liquid stream ; 

r ■ a the mean radius of its cross section : 
V 


d - diain of pipe:* 
q ™ the rate of discharge 

- volume pah'ing a given cross section, a, in unit time; 


r — ? -- the mean velocity ; 

« 

,4 

A,, — — = the velocity head; 

m c,f, F ■— resistant e l.i.-toiv. as explained nep.w and at.lop of p 


Ay = the resistance (or “friction”) head in the length, L; 


v 


= the slope. 


It is generally held that the resistances to flow are directly proportional to A 
and to some power (usually taken as e-’f) of i>, and inversely pioportioual to <i. 
Or: 

friction head, hf—m J- ~ m - m ; and m h/ j ^ ; 

whence 


'; and « clocity, r 

in 



V y r 


\* 


Let e — „ ; m = , . Then we have the 4’hcxy formula:— 

\ « 

velocity, *• — c y r t — c y r y s - r f’- 5 . 

For “ Rutter's formula,” giving values of <•, *,>«• p 523, and pp 564 to 574. For 
tables of c, by Rutter’s formula, see pp. 565 to 570 

The reahitnnee, or roughness factor, such as m,f, F or c, above, 
or c H in the Ilazen formula below, must lie selected hy judgment, or determined, 
M by Kutter’s formula, pp. 523, 564, Ac, according to the known or illumed 
condition of the wetted surface. 

Weisbach’s formula for friction head, hf = >n h r*/r, in feet and 
seconds, (g =» 32.2 ft j>er see per mv.) 

Friction head by == [0.0144 + (0.0 J 7 / ) vj\ L v 2 / 2 y d. 

This formula is based upon early experiment* with small pipes. 
For pipes above say ‘20" rtiam, modern practice shows greater friction 
heads for given vels. Compare Fig L», pp 529 a, 529 b. 


* In full seml-clrcularehannels, and In full or half-full pipes, 4 r. 
f geo “Exponential'’ forum lag, p 529. 
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Art. S a. “ Exponential ” formnlam.* Careful study of experi- 
ments upon large and email pipes and channels, under varying conditions, indi¬ 
cates that the mean velocity depends, not upon the .square mots, or 0.6 powers, of 
r and of t, hut generally upon somewhat higher power*; and that the inaccuracy, 
involved in taking 0.5 for the exponents in the Chezy formula, accounts for the 
wide variation of the Chezy e, with » and with 4 , for a given condition of inner 
surface of pipe or channel. 

Gardner fit. Williams and Alien llazen adopt the formula:— 
v = C H r 0,83 s° “ 4 O.OOl - 0 04 ; 

the last factor, O.OOl- 0 - 1 * = 0.001°-* - '* - l(MM) 0 - 0 * = 1.32, being inserted in 

order to make their values 0 / c H , 111 ordinary cases, moie nearly equal with tha 
values of c id the Chezy formula.f To facilitate the application of their formula, 
they furnish a “hydiaulic slide rule,” by means of which mean vels, and the 
losses of head due to different vels in different pipes and channels, may be readily 
found. Their “Hydraulio Tables,have been calculated in this way. 

Fie D, pp 529 a and ft. Diagram of dischArges, velocities and 
head-losses, in pipes and conduits, by Williains-Hazen formula, as above. 

Example. Given a 24* cast iron pipe, 2000 ft long, to carry 2,000,000 
gals/24 hrs, after 40 yrs use carrying av soft unfilterd water. Keqd, the vel 
and the head-loss. 

Velocity. Starting at D , on lower scale (2,000,000 esls/24 hrs) follow the 
vert line until it meets, at E, the inclined dulled line for 24* pipe. The hor line, 
thru E, gives the reqd vel, 1 ft/sec. 

Head-lo»K. On small diagram A (either page) find intersection, B , of 40-yr 
age line with curvd line for 24* pipe, giving ch~ 80. Find intersection, (\ of line 
for ch“ 80 with curvd line of main diagram for 24" pipe. Follow the direction of 
the solid inclined lines from C to the intersection, F. with the hor line for 
vel — 1 ft/sec. From F, follow the vert line to G , on tne lower scale, giving the 
reqd head-loss, 0.4 ft/1000 ft = u .8 ft in the given length of 2000 ft. (And vice 
versa.) 

In diagram A, the curv markt 00 applies to cases where the diem is not 
reduced by service, and to large pipes in genet al. 


Approximate values of c H : 


Pipes and conduits, running: 
3 to 60 inches diameter; 


Cast iron ; C H 

Very best, new, carefully coated 

and laid.140 

Good, new.130 to 120 

In fair condition.100 

Tuberculatod.80 to 41 

Riveted steel; 

New. 110 

Ten years old. 100 


full; 

Over 60 Inches diameter; 


Iron, masonry, etc. c H 

Extreiuelysniooth and straight, 140 

Very smooth.180 

Good masonry....,.120 

Brick sewer-* .100 

Rough. 90 

Very rough. 80 

Tile sewers; 

4 to 86 ins diatn...110 


Open channels. (For a given character of surface, and given wet perim¬ 
eter, c m , likec in the Chezy formula, is max for max area ol cioss section.) 


Sudbury conduit,8ft wide, e H Rough masonry, 4 ft wide, C H 

1 to 5 ft deep . 130 to 140 1ft deep.65 to 75 

Smooth wood.110 to 140 Grave .50 to 80 

Unplaned plank. 100 to 120 Earth, very rough.65 to 75 


Good Masonry. 80 to 120 With mud, grass and weeds...35 tu 70 


* Formulas in which the exponents are other than 0.5 have been called “expo¬ 
nential,” in order to distinguish them from those where the exponent is 0.5 ; but 
these last are, of course, no Tow “exponential.” 

fThe values of e , given by the Kutter formula and in our tables, pp. 566, etc., 
contain the correction necessitated by the fact that the velocity is not strictly 
proportionate to the square roots of r and of a. 

I Hydraulic Tables. Jobu Wiley A Sons, New York 
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rig. d. Discharges, Velocities and Head Losses in Pipes and Con- 


Discharge in Cub - 
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duits, by Williams-Hazen Formula, V*=Ch r 0 - 68 «°- M 0.001 
ic feet per second 
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Friction factor. Let 

/' 2 5 m - ?! - 2 S-VjL ” 2 ", ~b F ~ 


F or / is usually called the friction factor, ft expresses the relation 
(determined by the condition of the wetted surface of thepipeorchanuel)betweeu 
velocity and dimensions, on the one hand, ami the resistance to tiow on the 
atber. Thus 


J 1 2/ 


4 /-: 


*9 


f . ■;. 1 * 

d i'j 


Value* of friction factor, F, for iron pipes t>«* page 531 . 


Velocities In feet per second 



Example of n»e of diagram. Given a 6 Inch pipe, in fair condition. 
In the column, on the right, heaued “ Fair,” find diam, 6 ins. Following to the 
left the direction of the short inclined line, preferably bv means of a rule or 
straight-edge of paper, we find that it coincides nearly with one of the inclined 
lines which cross the diagram. By meaus of the intersections of this line with 
the others, wc find that, for the pipe in question, a \elocity of 5 ft |K*r sec corre¬ 
sponds approximately with F « 0.035; 0 5 ft ja r see, F *» 0.048, etc., etc. 


• “Old,” “fair,” and “new” correspond appioximately with values of 
Kutter’s (p. 564) as follows: 


Diameter.. 

3 inch 

fiincb 

12 inch 

60 inch 

120 inch 

81ope, in ft 







per 1000 ft 

10.0 1.0 

10 0 1.0 

10 00 0 4 

10 00 0 05 

I IKK) 

0.025 


n n 

n n 

It it 

11 II 

n 

n 

Old. 

0.012 0.013 

0 014 0 old 

0 015 0.016 

0.018 0.020 

0.019 

0.021 

Fair.... 

0 011 0.011 

0.012 0 012 

0.013 0 011 

0 014 0.015 

0.015 

0.017 

New. 

0.010 0.010 

0010 0.010 

0.011 0.012 

0.012 0.013 

0.013 

0.014 


• Thisapplies where d ™ 4 r. In pipes running full or half-full, and in semt* 
Circular channels running lull, d -4 r. 

+ See Mechanics of Engineering, by f p Church, 1800, p. 714, Eq. (8). 
jSee ifydiaulics, by Mansfield Alerriman, 1905, p. 209. Eq. (86), 
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Art. 4. To And the dittcliarg-e, q, through a Ions- com¬ 
pound pipe, or pipe of varyiug diameter, 1< ig. 1 H. 



I/et 

/j, h* ht etc. -= the lengths of the .several portions of the pipe; 

</j, <U, (/,, eti ~ the conesponding diameteis; 

h. *.. »*te. = the corre.'iMHidmg velocities; 

F,, Fj, Fj, ete s the coiresponding values of the resistance or “friction” 

faotoi. Nr p. MU. 

L -=/j •' lj u/ 3 . etc. = the total length of the pij>e; 

H --- the tnial head (p. .*>!(•); 

«/ iate of discharge =- t>i = e 2 — etc. 

In a long pipe, the velocity and entry heads aie usually negligible, relatively 
to the friction head. Negating them, we have 
II « total head friction head. 

In each portion of the pipe, the resistance, and the corresponding “ friction” 
head, hf, are believed to he proportional dnectly to the length, /, of such portion, 


and to the velocity head, „ , and invciselv lo the diameter, d; or 
2 9 ' ’ ' 

h f “ F * d ' 2 g 


and, since rj 
we have, also, 


1 - + r 4,& + + 

4 % r, 

ir il, rr it 


2 9 H 


h 


1 ft q- 
t - d* 


+ F.A1SA + etc. 


etc.; 


whence 



+ F s 


. h 
K 


+ etc. 


) 



2 j, H_ 

+ p ; % + etc. 

<£ 


39 


« 
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Art. 4 a.* The Venturi Meter is designed for the measurement 
of the flow of liquids in pipes of large dimensions, running full. 

The meter proper, patented by ('lemons Herschel, consists es¬ 
sentially of a mere constriction in the area of cross-section of the 
pipe, with openings in the pipe opposite its normal and its con¬ 
stricted diameters, for measuring, by piezometers or pressure- 
gauges. the pressures at those points, while the register is an 
elaborate mechanism, provided with clock-work and dials. 

Theory.! Let Figs. 1 to 3 
represent a Venturi meter tube, Fiu 1 

with three piezometers in place, 
viz: No 1, over the tube up-stream 
from the const net ion ; No 2, over 
the constriction itself, ami No 3, 
over the tube down-stream from 
the constriction Let the unshaded 
area W'in Figs i to 3, repiesent 
the depths at which the watei 
stands above any assumed hori¬ 
zontal datum plane O O, and let 
the shaded area A represent the 
uniform pressure of the atmos 
phere, which, for convenience, we 
may suppose to he converted into some liquid of the specific gravity of water, 
but distinguishable, by its appearance, from the water 

The vertical distance, between the upper boundary of this latter aiea and 
any given point in the tube, represents the combined pleasure of air and water 
at such point 

The velocities in the meter tube at any instant, are of necessity inversely 
proportional to the areas ot cross section, and. as the heads corresponding to 
the several velocities are pioportional to the squares of those velocities, the 
remaining or prtSMirc heads must vary also, the smallest or lowest pressure 
head standing over the throat, where the velocity is greatest 

The increase of Velocity, ac- 
Fjo 2, quired by the thud m passing 

from section 1 to section 2, is again 
given up in passing fiom section 
2 to see tmn 2. and. in the case of 
a jKifect fluid the presume lost 
between sections 1 and 2 would he 
perlectly restored in passing tiorn 
section 2 to sections. In practice, 
a small total loss occurs Thisloss 
i- gre.itei w it It high than w i:h low 
velocities. 

» For a given head in piezometer 
w No 1 and given diametei of pipe 
at section I, tlo- expenditure of 
* head hi velnritv IhU ween sections 

1 and 2 increases as the area of the tin oat is diminished'and a- the tin oat 
velocity is thereby increased.? In fig. 2 is shown the case where all of the 
water head above the top ol the throat is required to maintain the velocity 
through the throat. 

In Figs 1 and 2 the head, //, expended m the increase of velocitv between 
sections 1 and 2 is represented by the ditlerencc in level between the tops of the 
two water columns 1 and 2, or between the tips of the two conesponding air 
columns. In Fig. 2 this difference is equal to the total vertical height of the 
water column at section l above the top of the throat at section 2 

* Abridged from a description prepared by the writer ns Chairman of a Com¬ 
mittee of the franklin Institute. Journal of the Fuinkhn Institute. February, 
1899. 

t The Venturi meter, apart from its merits as a measuring device, embodies 
important hydraulic principles Hence its theory is lane stated more fullv than 
would otherwise be necessaty 

t in a given Venturi tube the pressure and velocity at the throat may be 
varied also by modifying those at Keetons 1 and ‘t, as by regulating the openings 
of the valves of influx to and of eltlux from the meter tube, by changing the 
total head on the system, etc 
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If now (Fig. 3) the throat sec¬ 
tion be still further reduced 
(the other conditions remain¬ 
ing as befoic) the throat veloc¬ 
ity will thereby be still further 
increased . for the total fire-sure 
available lor increase oi veloc- 
itj between sections 1 and ‘^con¬ 
sists not merely in the depth of 
aat>a above the tulie, but also 
m the iitmasjiheur pressure, rep 
lesenied by the shaded area .t 
above the water 11' 

In Fig 3 all the water has dis- 
appeaied from pie/ometei 2, and 
even a portion of the liquid 



lepresentmg the air has also 

disappeared, leaving only a portion of the latter to i(-present .such pressure as 
now remains in the throat In other words, the pressure within the throat is 
now less than tlie atmospheric pres-me 
In l-ig 3. the loss of head, due to moiease of velocity between sections 1 and 2, 
is H — hu< 4 ha - the entire available head of water, //«•, plus a portion, ha, of the 
atmospheric pressure The latter portion, ha, is frequently called “the 


1 he top of the water column having now disappeared below the top of the 
throat, it is no longer feasible to ascertain the loss of head by taking the differ¬ 
ence between the levels of the water surfaces in piezometers J and 2. The 

degree of ‘vacuum” may he 
Flu. 4. found, a- shown in Fig 4, by 

using, in place of the piezometers, 
a glass tube bent over and led 
tiuvmwutd into an open vessel con¬ 
taining water or mercury. The 
height to w hieh the water (or the 
mercury, converted into feet of 
water- rise- in this tube, shows 
the extent of the vacuum, or the 
portion, A«, of the air pressure 
which has been called into service 
hi producing the high velocity 
through the throat. Hy adding 
this to A*, we obtain, as above, 
® - - O || )e total loss of head II between 

sections 1 and 2 

When the reduction of area at the throat has proceeded so far that the entire 
available pressure ot walei and air at section I is icquired, in order to main¬ 




tain the corresponding velocity through the throat (/ when the line repre- 
aenting the upper surface of the air falls to the level of the top of the throaty 
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no further increase of throat velocity can be secured (with a given total head 
over section 1) by still further narrowing the throat. If the throat is further 
narrowed, the velocity through it will remain the same ; and, the rate of dis¬ 
charge being thus diminished, the velocity through section 1 will be neces¬ 
sarily reduced. In other words, throttling begins 
\*it r\ be the velocity in section 1. above the throat, and r ? the “throat veloc¬ 
ity," or velocity in the throat or section 2. 

Neglecting re«i-t«nces, Fig. 5, the velocity head at section 1, uieasimd from an 
asMimed datum lepresmu-d by the upper horizontal lines, is 



and that at section 2 is 



Neglecting lesistances to flow, the loss of head, between sections 1 and 2, 
or ‘ the bead on the \entun," is equal to the increase in the velocity bead, or 
to the loss iu pressure, between </,, and a 2 , or 


// = A 2 - A, 




P\ ~P3* 


Hence, A* = = H + A, 

and throat reloeity - i>, V'iy (II i h~)-- ^ 2? (// o J *’)• 

In other words, the velocity at the throat is that corres|*onding to the “ head 
H on the Venturi," plus the head corresponding to the velocity of approach r, 
in section!. 


But, since the velocities are inversely as the aieas of cross-sect mn a x and /i 2 , 




2 9 2y 



and throat velocity - v t — -y=~ // 

Vflj*—0 2 2 V 

The ratio * 

a i 


between the area « 2 of croas-section at the throat, and that, <i 2 , at the upper end 
of the up-stream cone, is called the throat ratio. For a ratio of 1:9 we have 


or 


_, .. 51 _ » .. m 

v'ur — 12 Vbo Vao - , m -- 

e, - l.OOCJV'fyM. 


The Venturi tube, for pipe, not over 60 inehw In diameter, is formed of 
•everal short sections of east iron pipe, having the required taper, and fur- 


* Bjr Bernouilli’s theorem, p* + A, p, + A,. 
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Dished with flanges, by means of which the sections are bolted together to form 
the two truncated cones inquired 

In the smaller sizes, the shorter cone is generally in one section and the 
longer none in two or more sections. 

The throat section is genetallv made in a separate piece, and is either made 
of bronze or lined with that metal. 

The ends of the Venturi tube are furnished with either bell, spigot, or flanged 
ends, aeeoiding to the character of the pipe in which the tube is to be used. 

For still larger streams, such as those in masonry conduits or riveted 
flume', the Venturi tube may be made of wooden staves, sheet steel, cement 
concrete, brick or other suital'de material, metal being used for the throat piece 
and where required by the pressure. 

The throat piece is surrounded by an annular chambei called the press¬ 
ure chamber, which communicates with the interior of the throat by means 
of several holes drilled radially through the walls of the latter at equal or 
nearly equal distances around thecircunifeience. 

A similar prcssme chamber is provided at the laiger end of the short cone for 
observing ihe pressure in the normal section upstream from the thtoat; and, 
if it is desired to ascertain the huul loss of head due to the passage of the water 
through the Venturi, a similar chamber must lie provided at the larger end of 
the longer or down-stream cone. 

In (Icsitrnating: the size of the meter, the diameter of the pipe of which 
it forms a part is used, and not the throat diameter. Thus, a meter for use in a 
6-inch pipe is called a 6-inch meter. 

The register gives periodic registrations, usually every ten miuutes, in 
which the head // - h i — A,, existing at the instant of registry, is recorded in 
terms of the total discharge in cubic feet since the last registry and as an in¬ 
crease m the total numtier of cubic feet registered. In other words, the registry 
involves the assumption that the average velocity, during the period between two 
registrations, is equal to the velocity at the lustaut of the following registration. 

The register may tie placed at a considerable distance (not exceeding, say, t >00 
fectt from the Venturi tube It must l»e placed at such a depth below the 
hydraulic grade brie that the pressures existing in the Venturi tube shall at all 
tunes be transmitted to the register 

The pipe lines, connecting the Venturi with tin* register, must be covered,and 
a shelter from weather and frost must be provided for the register 

The sire and cost of the register are independent of the sire of the Venturi. 

Behavior, l rom experiments by Mr. Herschel/ f<[ by the Bureau of 
Water, Philadelphia,+ and by others,tit appears that the Venturi meter may ordi¬ 
narily be depended upon to give results within 3 per cent of the true discharge 

With a 48 inch Venturi, Mr Herwhol ? found a total Iomh of head, due to 
the passage of the water through the Venturi tube, of about 10.6 per cent, of the 
head II on the Venturi. With two .»4 inch Venturis, Professors Marx, Wing, and 
Hoskins gf found a loss of 14.9 per e< nt, part of which, no doubt, was due to 
the presence of a 42 inch gate valve in the down-stream eone. This last result 
would add about 1.12 feet to the head required in pumping 20 , 000,000 gallons 
daily through a 48 inch main ami a Venturi hav mg a tluoat ratio of 1:9. 

The Venturi meter has been found to give |»erlectly satisfactory results in 
measuring the flow ol brine and very hot water 

Venturi tubes are made with throat ratios ranging from 1:4$ (or2:9ito 
1: 16. The former are adapted to high, and the latter to low velocities; for. 
where the velocity m the pipe i«« low, it is necessary to accelerate it greatly in 
the throat in order to obtain sutbciont loss of pressure to secure reliable in¬ 
dication* in the register. These cannot be obtained where the throat velocity 
is less than about 8 feet per second. With a throat ratio of 1:16, this would 
give a pipe velocity of toot per second. On the other hand, a meter with 
a high throat ratio, adapted to low velocities, won Id,with high velocities, exceed 
the upper limit of the register. 

Owing to its unobstructed channel, free from moving parts, the Venturi 
meter Is far leBs liable to clogging than the forms of meter in common use. 

The prlooM of the principal sizes of the Vuituri meter are as follows:—on 
board cars at Providence, It. 1. 

6 inch $600.00 24 inch $1,130.00 48 inch $3,060,00 

12 inch 77000 inch 1,680.00 60 inch 4,890 00 

These prices include the register, which, in the smaller sixes, constitutes the 
principal item of cost, discount, 1901, 10 per cent. 


* Trans. Am'. Soc. Civil Eugrs., Nov., 1887, Vol. XVII., page 228. 
f Journal of the Franklin Institute. Feb , 1899. 
f Journal New England Waterw orks Assn.. Vol. VIII., No. 1, 8ep., 1893. 
i Trans. Am. Soc. Civil F.ngrs, Vol XE , l>ec.. 1898. nn. 471 *>t/» 
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Art. 4 b. The Ferriw-PItot meter, invented and patented by Mr 
Walter Ferris, of Philadelphia, is designed to measure the flow of liquids in 
pipes running full. It consists of a device for the registration of the results 
obtained by the Pitot tube, described on pages661 and 5t>2, and of special devices 
to prevent the clogging of the tubes and to permit their examination while 
in use. 

In Fig. S let P represent the level at which the water stand-' iu the straight 
Pitot tube,*. Then h It-, or the diflerence in level 
between the columns in the two tubes, is the head Fi<«. 6. 


^theoretically due t0 the velocity of the water _ _ 

iu the pipe as it impinges against the open up stream J 

end of the bent tube, c lor a given velocity, r, this - " T 

diflerence, A, is constant, and is independent of the 
pressure repiesented by F. h 

The Ferris register, like that of the Venturi meter, —i 

records the velocity (existing ai the instant of registra- ? 

tion) in terms ol the total discharge since the last regis- J, 

try and as an increase iu tin- total number of cubic feet i 

registered. The registry thus involves the assumption — 

that the average velocity, during the period between (- +-C—J I 

registrations, is equal to the velocity at the end of that \ _. —i 

period In the Ferris meter the Registration is made \ 
every two minutes. LBBiHMNaMwwM 

Evidently the instrument measures the velocity at 
only one point in the cross-sect ion o! the pijie, and it may thus be used to de¬ 
termine successively the velocities at any number ol‘ such points, but the ve¬ 
locity at such a point may or may not be equal to the mean velocity in the entire 
cross-section. The instrument is therefore usually calibrated by reference to 


some accepted standard, ami the coefln lent or coefficients thus obtained are 
used in subsequent observations. 

The recording mechanism is operated by a small hydraulic motor, driven by. 
means of the flow of the water in the pipe itself I-or this purpose a second 
pair of Pitot tubes, is inserted into the pipe, and the current, flowiug through 
these tubes, drives the motor without loss of water, the water used for power 
being returned to the pipe. If the velocity in the pipe is less than I! feet per 
second it must be increased by means of a “ reducer ” 

Experiments made by Mr. I erris and by the Bureau of Water, Philadelphia, 
indicate that the Ferri's-Pitot meter will ordinarily register within :t per cent 
of the true discharge. 

In general, the size and cost of the registering apparatus are independent of 
the size of the pipe. 
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Art. 5. Resistance of curves and bends In water pipes. 


Much uncertainty exists respecting these matters. Welsbach's 
formula,* for the resistance due to a circular curve. Figs. 2 and 3, is 


ISO - u 


[ ,US1 + L w ( k) '] TS • 5T ■ where 


h = head in feet required to overcome resistance due to curve or 
bend, 

C = experinn ntal coefficient, 


A = angle of deflection, iu degrees, 
t? = mean velocity of flow in pipe, in feet per second, 
g — acceleration of gravity = 32.2 ft per sec per sec, 
r-/'l <j ~ head theoretically due to velocity r. 


D= inside diameter of pipe, in feet, 
r= inside radius of pipe, in feet, 

B = radius of axis of curve, in feet. 


Ifr+R= 0.1 0.2 0 3 0 4 0.5 0.6 0.7 0.8 0.9 i.O 

then C= 0.131 0.138 0.158 0.2U6 0.294 0.440 0.661 0.977 1.408 1.978 




Fiff. 4. 

(See next page.) 


According to this formula, the resistance due to curvature decreases rapidly 
as It increases from % D to 2 D; and but little further decrease occurs beyond 
R — 5 I); but, from very careful and elaborate experiments on city water mains, 
from 12 to 30 ins diameter, in Detroit, Mtch.,f the investigators conclude that a 
line of pipe with a curve of short ladius R (down to a limit of R = 2^ D) causes 

less resistance than does a line of equal length and equal total angle A, with a 

curve of longer radius R. Their results were approximately as follows, where 
H => resistance due to a section of 80 diameters in length, with a curve of 
A = 90° at mid-length, 

h =* resistance in a tangent of length = 80 diameters. 

If R D = I 2 2.5 3 4 5 10 15 20 25 

then II -e h = 1.35 1.14 1.13 1.14 1.18 l.:'l 1.50 1.66 1.80 1.93 


They fouud also that the Iona of heart, due to a curve, occurs not only 
in the curve Itself, but that head continues to be lost in the following 
tangent, for some distance down stream from the curve. 

Tneir experiments led to the inference that even very slight deflections, 
A, in the line, cause material losses of heart, ami that, care in securing 
a straight alignment, is therefor 1 ' highly advisable. For bends, see next page. 


*Der Ingenleur, pp. 444, 445. 

tPaper by Gardners. Williams, Clarence W. Hubbell, and George H. FenkeU, 
Transactions, American Society of Civil Engineers, Vol. XLV1I, April, 1902. 
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For abrupt angles, Fig. 4, Weisbach gives: Resistance, In feet of head — 

h =. C ^ - (0.95 siu2 % A + 2.05 sin< % A) ~ ~ 

If % A — 10° 20° 30° 40° 45° 50° 55° 60° 65° 70® 

thenc - 0.03 0.14 0.36 0.74 0.98 1.26 1.66 1.86 2.16 2.43 



Fig. 4. 


In addition to the resistance offered to flow, curves and bend® in¬ 
volve additional labor and expense in manufacture and in laying; and vertical 
bends and curves lead to the formation of pockets of sediment at the feet oi 
■lopes, and of air cushions at their summits. 



Art. 6. Although, m Fig. 5, tbo static pressures upon the equal bases, a l> 
and o' V, of the two pipes are equal (see Hydrostatics, Art. 1); yet, in order to 
pnmp water through either pipe, at a given velocity, an additional force is 
required, in order to overcome resistances to flow , and these resistances and the 


than in the shorter pipe. 
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Art, 7. Flow through orifices. Theoretically the Telocity, v, of a • 
fluid, flowing through a Biuall orifice in the side or bottom of a very large vessel, 
is equal to that acquired by a body fulling freely in vacuo through a height 
equal.to the head, A, or depth, measured vertically from the level surface of the 
fluid m the vessel, to the center of gravity of the orifice; or, 


and 


• - l/2 g h - |/ 64.4 A ~ 8.03 y/k\ 


2 g 64.4 


■ 0.0155 v* 


This law applleN equally to all fluid*!. Thus, theoretically, mer¬ 
cury, water, air, etc., all flow with equal velocities from a given orifice under a 
given head. 

For deviation*! in practice from this theoretical law, see Art. 9, etc. 


Table 10. 

Velocities theoretically due to given heads. 



iHeadj Ve! 




640 


HYDRAULICS. 


Art H. Flow, Into air. thru short tube**, Fig. 6. Length, L, = 
n'» or n e, of tube, < 2.5 to 3 times its least transverse dimension, d. Head, h, 
constant and > half hight of tube. 

Let 7< = mean velocity thru tube; 
p = acceleration of gravity 

= 32.2 ft per sec per sec; {\ 2 o - R); 

- 9.81 meters per see per sec; i\ 2 g - 4 43). 
h = head, n s. from grav center of tube cross section to water surface; 

L = length, n : »’ or n e, of tube; 

(I = least transverse dimension of tube; 
a = tube cross section area, , 

q = discharge rate thru tube; 
c — an experiment til coefficient. 



Fig. 0. 


Then, iff the flow fills the tube (“full flow" or ‘ full bore”), we have. 
v =* cV2 g h ; q =- v a - c a\ 2 u h. 

Ltd < 1.5 = 2.5 to 3 4 6 10 15 20 40 60 100 

r, approx - 0.61 = 0.81 0.80 0.76 0.74 0.71 0.69 0.62 0.57 0.48 

If the outflowing stream fails to fill the lube crows nee* 
tion, the coeff, c, is greatly reduced. This may be obviated by temporarily 
closing the outlet from the tube, thus backing up the water and compelling it 
to fill the tube. Then, when the outlet is opened, the air pressure, on the outer 
end of the outflowing stream, ma\ be expected to Keep the stream in contact 
with the inner tube surface. The sides of the tube should be free from greasincBs. 

If 4 m be a channel cross section, the vel and disch thru the short 
tube, n' * or n e, are not affected by the flow of the water in the channel, 
s m, provided tbe head, h - n *, be maintained constant. 

The flow may be Increased nearly to the theoretical value 
(v = \/2 g h, oi c = 1) by neatly rounding olfthe edge* of the entrance 
end or mouth of the tube, as in Fig. 7, which represents, half-size, one wit h whicn 
WeiBbaeh obtained c — 0.975 when h = 10 ft, and c =» 0.958 when h — 1 ft 
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A* * * § much as 9? to .94 may be obtained by widening the opening, m n, toward its outer mouth, os. 
Fig, 8, making the divergence, or angle a, about 5°. or by widening it toward its inner mouth, as at 
< c, Fig 9, but increasing the angle of divergence, at b, to from ll 1 ' to 16°. In ail cases, we consider 
the. small end as being the opening whose area must be multiplied b» the vel to get the discharge. 

In Home experiments made with large pyramidal wooden 
troughs 9.5 It long. with an inner mouth of JU x ^ -i It. and h discharging one 
or .62 X 44 ft; and uader a head of 9>» feet, the discharge was .SIH of the theoretical one. due to the 
smaller end. 

Rem 5. With au adjutage shaped as in Fig 10, about 9 ins long; diamB, m n 
« 1 inch, and b c -- 1.8 ins, Venturi and Eytelaem obtained a discharge 
- 1..m a y/‘l y h ; where a = tin* smaller cross section area at m n, and A e- 
dislancc from to fiec water sui face. 


n 



Fig. 10. 


Arl. 9. On the disch of water through openings In ttain 
vert partitions, with plane or flat fares, r or»», Fig 11.* If the 

face r f. <>r m n, instead of being plane, and vert, should be curved. 
,i or inclining in difT directions toward the opening then the discb 

1 o will lie altered W hen water Hows from a le-eruiir. Fig 11, through 

s . V_.T; a vert plane plate or partition »i n, which Is uot thicker than about 

>, - — *- -{$ theleasttrausversedimen'Monoftheopcmng.whethertliatdtineneioD 

■ \ v, " ~ - „Js_ be It* breadth, or its height oo. t or w hen, if the partition ee itself 

J> _ — - ta much thicker, we give the opening the shape shown at 6 , (which 

-C — 7 ~r. evldenth amounts to the ranie thing ) then the effluent stream will 

S' A3 " not pass out with n full flow asiu Fig <• but will assume the shape 

M n shown in Fig 11. forming, just nuMde of the opening, whaf is 
' <1 ' 1 called the vena contractu. or cotumited vein. In order that this 

U.L_»--—!d— contraction may take place to its fullest extent, cr become complete, 

G Jl the Inner sharp edges of the opening must not approach either the 

surf of the water, or the bottom or aide* of the reservoir, nearer 
fig. U, than about I '•# times the least transverse dimension of the opening. 

The contracred vein occurs at a dist of about hair the smallest di¬ 
mension of the orifice, fiom the orifice itself. In a circular orifice, 
at about hair the dfam dist: and ordmarllv its area is about r.2 or oearlv % that of the orlftoe iweit 
At this point the aotual mean vel of the stream is verv nearlr (ahout. 97) the theoretical vel given bf 
Table 10, anJ henoe the actual ducht ore but .62, or uearlv % of the theoretical ones. 


'to 1 To And tbe netnitl dlaeh Into Mr.* thronrh either a 
rlrenlar or rectilinear \ opening in a thin vert plane partl- 



• We hell.ee thnt thee, rule, file this plate ere aleo offtctenitv approtlmaM 
for most practical purposes, If the opening be in the bottom of the reservoir; 
or in an inclined, instead of a vert side. 

♦ When the side of a reservoir, or the edge of a plank, Ac. over which wator 
Hows, baa an greater thickness than this, the water ii sold to flow through, 

or over, thin pi ale. or thin partition. 

J Should the diseh take place under mater, as in Fig 12. both enr/ UveU re¬ 
maining rom/ant, vhen the head to he used is the vert dllf mo. of the tw* 
levels After making the calculation with this head, we should, according to 
Welsbach. deduct the part; inasmuch as he states that the disch la that 
mush less when under wateT, than when it takes plaoe freely into the air. 
Other experlneuters, however, assert that it Is precisely the same in both oases. 

§ If the shape or the opening is oval, triangalar, or irreg ular , the baud 
mast be measured vert from its oen of grav. , 
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6ton, when the contraption is complete; and a hen the sort 
level, «, remains constantly at the same height; water being 
supplied to the reservoir as fust as it runs out at the open* 
ing.* 

Ruiac 1. When the head, measured vert from the center (or rather from the <vn of (trav) c. of the 
opeuiug, u> Uie »ur! level u of the reservoir. is uot lest. thau t ft. nor more than It) ft; and when the 
taut transverse dtmeuslon of the opening is not less thau au inch, mult the theoretical vel in ft per 
sec due to the head. (Table 10, ) by the coeflicicni ot dtscb .62. The prod will be the aotnS 

mean vel of the water through the opening. Mult this vel by the area or the opening in eq rt; tb* 
prod will be the dutch in cub rt per aeo, approximate!}. 

When the head in greater than 10 ft. use .6, instead of t#.’ 

Run* 2. Fmd the sq rt of the head in ft. Mult this a.j n b» 0. the prod will be tbe vel in ft per 
»eo; which mult by the area as before for the duel) 

Ex. What will be the diech through an opemug to corn plot* contraction, whow dimensions are ft 
ins. or .5 ft vert, and 4 ft hor; the vert head al>ove the ceu ut grav of the opeuiug being constantly 
6 feet? 

By Rule l. The theoretical vel (Table 10. corresponding to 6 ft head, In 19 7 ft per see Anil 
19 ? X .69 = 19 214 ft. the reqd vel. Again, the art a of the o|ientng = 5 X 4 ” 2 ft . *nd 12 214 X 
2- 24 428 cub ft per sec, the dtsch 

By Buie 2. The sq rt of 6 = 2.46 ; and 2.46 X 5 - 12.26 it per eec. the reqd vel ; and 12 25 X 2 = 
24.5 cub ft per sec, the disch. 

Both very approx even lr the orifice reaches to th< surface of the issuing water. 

Bern. 1. The eoef .62 is a mean of results of many old experimenters 
In 1874 Oral. T. Q. Kills of Massachusetts conducted an elaborate series (Trans Ant hoc 0 K, Feb 
1878) on a large scale, the general result* of which, within less than 1 |*r ct, arc given in the follow¬ 
ing table. See also Rem 3. The sharp edged orifices were in iron plates 26 to 6 inch thick 


Orifice. Head above Center. 

2 ft sq. - to " ’> ft 

2 •• long, 1 ft high . I * tv 11 " 

2 " long, .5 high 1 4 to 17 0 •' 

2 41 dtam. |_1.6 lo 9 b 


t'oef. 

«» to t.l 
W to .81 
hi to «■ 
.69 to 61 


Rem. 2. Extreme care is reqd to obtain correct result*, but for many 

purposes of the engiueer au error of 5 to 10 per ol i» unimportant 
It will rarely bsp|ieu that greater aocuracy Is required than may be obtained by the fn-igoinf 
rules: but when suoh does occur, aid mar be derived from the following table deduced 

from the experiments ol Lwbros and Poiicclet. on opining, a In* 
wide, ol diff heights, and with dilT betid, t'.c that n»!l in metallic who h *pplo- i, ,i,r race, in 
stead of the 62 of Rule I In some of the ca*e. in this ttbo, the op|ir odgi ot On opi-ning i» 
nearer the surf level of the reservoir than I 1 -, times Us least transver-i d in. onion 


TABLE 12. Coefficients for rectanirnlar opcniiiK-s in thin 
vertical partitions in full contraction.* 



Rem. 3. Careful experiments on opening* 4 % ft wide, and IN 

ins high, uuder heads of from fi to 15 ft, gHV« coefT =» 0.82, correct within 
about 8 par cent, although the thickness of the partition varied, cm its dlffeidea 
from 12 to 20 ini. 


Rkm. 4. When two or more contiguous openings discharge at 
the same time from the same reservoir, they appear to disch the same as, or ■ 
little less than, a single orifice of tbeir combined size. 
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“f * * ** e «ii»cbi»rge through thill vert partitions in con. 
pletecimlraeMun, when the Nurlace-Ie vel, m, Fla 13 , doooends 
as the water flows out into the air. Iu this coco, if the reservoir in 

“ c . !“ tt . re „ e !! ,, >' wtier . e e 4 UHl i aud if uo Witter is flowing into tbe reser- 


m 


loir. U> supply the plan of that winch flows out, then, to And tbe tune raid to disch the reaervolr. 

k U k K .'k ,u “ < * rauoh “ 1,16 uu '“ * u whloh »uch a reservoir entirely discharges Itself, Is twice that In 
which the same quantity would flow out under a constant head, ae in Case 1, therefore, cal- 

oul * t « dioch iu cub rt per sec by Rule 1, Art», dlv the number of cub ft con- 
tamed in the reservoir, above the level g or the bottom or the opening, Fig 13, by 
this disch .the quo! will be the numbei of sec in which a volume equal to that in 
tbe reservoir, to the depth g, woukl run out lu Case 1, or a corutant head. And 
twice this number will bo the seconds reqd to empty the reservoir lu Case 2, of a 
varvtng head. 

ItaM. If it should be reqd to find the time iu which such a prismatic reservoir 
would partly empty itsoir. as, for Instance, from m to «, Fig IS. first calculate, by 
the above rulo, the secs necessary to empty It if it hail only been filled to n; and 
afterward calculate as if it had been filled to m. The diff Wweou the two times 
will evidently be the time reqd to empty it from m to n. If the opeuiug is hot iu 
complete contraction, see 4it« 11, Ac. 

If tlie disch is in to a lower reservoir, whose 
Niirf-level remains constant, promai in the same manner; 

only use the diff of level of the two surfs as the head, and afterward (aooordiug 
to Woisbachj increase tbe time part. 

AH. 11). lUsch from a reservoir K, Fig 14. the (nrf-level.», 
of whleh r maliiK constantly at the same height; through 
an opening.«, in thin vert partition; mid in complete eon- 
fraction; but entirely under water; and into n prismatic 
renervolr. hi, 

.Seconds required 

to discharge a quautlty rr 
eda, the level c remaining — 
conttunt. 


Fig. 13. 


Fig. 14. 


Seconds required 

to raiee Uv*l in m from clou : 


Keconds required 

to raise level in m from e to — 
any other tenet, d. 


R ... „ _ 

w/heightae v hor area of„ 
ln X n e In sq ft * 3 
area of Opening ' „ „ » M 
O in sq ft X -62 X «.<» 

('lVe-l'oU'l X h » r 

\ _both iu ft / m n rt 

Rem. 1 . If it should be reqd to find tlie time of Ailing m, from 
Itx bottom e, up to <f, we may do so very approximately by calculating t»y 
the flrat rule ln Art ». the thne reqd from r to the center or the onetiing o. as if all that portion ol 
(he disch took place into air; uud afterward, from the renter of the opening to tf. by the rule Just 
given. This oase is similar to that of ttlllug a lock from the canal reach above, in which the turf, 
level may be considered ooustant. 

Rem. 2. If the bottom of the opening o, MhonId coincide with 
the bottom of the reservoir. tln»n the coeff will t>ocome greater than .fli. 

See Art 11, for obtaining oreffs for imperfect contraction. 

Rem. 3. If the opening, instead of being in complete con¬ 
traction, ifl of any of the shapes Figs e> to 9, then a reference to Art 8 will show 
what coeff must be substituted for .62. 

Oi»« 3. Dischi from one prismatic reservoir. Fig 15, W. into 
another, X, of any comparative sixes whatever, through an 
opening o, in a plane thin vert partition, and in complete 
contraction; when the water rises in X, while it foils in W. 

To And the time in which the water, flowing from Vf into X, through 
o, will fall through the diet as, to a* to etand at the same level s c, in 
both reeervoiri. 

In this oase, the water reqd to rill X from e to d. (d being the bottom 
of the opening o.) flows out Into the air; and the time necessary for it 
to do so, must bo calculated separately from that reqd above d, which 
flows into water. 

Hulk. First from e to d. Find the hor area of eaoh reservoir, in 
sq ft. Mule the lior area of X, by the v*.rt depth d e in ft, Tor the cub 
ft contained in that |x>rilon. Dlv these oub ft by the hor area of W. 
The quot will be the diet am, in feet, through whloh the water in W 
must des'. nd, in order to fill X to d. 



Seconds re¬ 
quired to low- _ 


Fig. 15. 


Area of opening * ^ ~ 

o in aq ft X .62 X 8-03 
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Seconds required 

to lower from m to s, and raiie 
from d to e. (Very approx) 


Hor area of ^ twice the hnr area . /head m « 
X lu sq ft * o f W in sq f t x v la ft 
Area of /hor area hor area-, 
opening: X ( of W + of X X.MX8-M 
oinsqft Mn gq ft in aq ft/ 


Kx Let the hor area or W be 100 sq ft: and that of X, 00 ttq ft Let an he 20 ft, and m nil? ft, 
and the area or the opening ®, 3 sq ft. In what time will the water descend from a to i, and rite 
from fin? 

luasinucii as the method of flndiug the time for tilling from e to d. by the water falling from a to 
tn, requires uo further exemplification, we will coniine ourselves to the additional time neoosary tor 
filling from d to c, by the water talliug from m to «. To hud this, we have, the »q rt.ol the head 

* X 100 X W> X4NKH) 

= 4 ft, and the sum of the a areas—100 + 60 r- 160. Hence,- — — 


20 1 sec, the additional time reqd, very approximately. 


it» x H.oa x 3 x .62 iaa». 7 s' 


Not* 1. If Ihe opening, hm rf. Fig? Ifl. rpHfhps 
to Ihe very bottom of the reservoirs*. »<• irmy 

cousidcr all the water flowing from K into T, as flowing info water. 
Therefore, using the bead am. we ut once calculate the time mces-ary 
for the water in the two reservoirs to arrive at the same level » c, by 
the last processor the preceding rule, or, m utlitr words. 1 >j the pro¬ 
cess given in the preceding example. Butin this ease it must he hurue 
in mind that the opening o is no longer in complete contraction, mas- 
much as the contraction along it* lower edge i* suppressed 
The disch will consequently be somewhat increased, and a coeff 
greater than 62 becomes necessary The method ol finding this, is 
given in tbe following Case 4. A reference to Art 3 will give the coeff 
in case the opening is shaped as Figs 6 to 3. 





n 



C 



K 

T 



771 

d 



Fig 16. 


Art. 11. Cast 4. The diNcharge through openings in plane 
thin vert partitions; but in incomplete contraction. 


The opening may be such that contraction will take place 
along one portiou of its perimeter, ur at the top of the open¬ 
ing a, Fig 17 , while it is suppressed on another portion ; m 
at the bottom and two euds of the opeutug a; where supprea- 
•ion is caused by the addition of ehort side and bottom pieces 
e, C, e. Or it may be caused by the bottom, or qnd*. or both, 
coinciding wiih tbe bottom and sides of the reservoir. In 
•uoh oases tbe disch will be greater than in those of complete 
contraction ; but leas than in those or full flow , inasmuch ss 
the opening now partakes somewhat of tbe character of the 
short tubes of Art 8; and tbe coeff will rise from .62, or that 
which usually pertains to openings in full contraction ; and 
will approach .8, or that of full flow, in proportion to the ex¬ 
tent of perimeter along which contraction is suppressed, or 
even to .9 or .96 by the use or such openings as are shown by 
Figs 7, 8,9. 



To find approximately a new coeff of diach; and the disch 
Itself, In cases of incomplete contraction. 


Rulx. First find by the foregoing rules, whst would be the disch in the particular case that may 
be under consideration, supposing the contraction to be complete. Then div that portion of the 
perimeter of the opening on which contraction is suppressed, by the entire perimeter. Mult the ouot 
by the dec .Ifi2 if the opening is rectangular, or by .128 if circular To the prod add unity, or 1. Call 
the sum, p. Then say, as unity, or 1, is to p, so is tbe coeff fur complete contraction in ordinary case*, 
(usually .62) to tbe reqd new coeff Finally, repeat tbe original calculation, only substituting this new 
coeff in the plaoe or «2. 

According to this rule, we hare the followingooeff of discharge for rectangular openings within pro¬ 
bably 3 or 4 per cent, when contraction la not suppressed on more than % of the perimeter. The tbeo 
retinal discharge multiplied by the corresponding coeff will give the actual discharge. When the con 
traction is carried farther, the ooeff becomes extremely irregular, and is probably indeterminable. 


For complete contraction ( ordinarily) ..62 

JFAsw contraction «* suppressed on >4 the perimeter .64 

" “ " .67 

•• “ .. H “ “ .fl» 

“ “ “ “ entirely around the orifice .66 


Intermediate ones can be estimated nearly enough, mentally 
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Art. 12. Pig. 18 Contraction suppressed at the bottom and at 
both vert sides of the opening o, in con¬ 
sequence of their coinciding with the 
bottom and sides of the reservoir. Front 
of reservoir sloped, as at f. Use Rule 1, 
Case 1, Art. 9; but, according to Ponce- 
let, the coefficient, instead of 0 . 62 , as in 
Rule 1, should be 0.80 if f slopes 45°, 
or 1 : 1 ; and coeff — 0.74 if f slopes 
63® 30', or 1 hor : 2 vert. 

Art. 13. To find, approximately, the time reqd for the emp- 
tying of a pend, or any other rewervoir, as Fig-19, which Is 
not of a prismatic shape; through an opening, n, near the 
bottom. 



Hulk. Firit asocrtaiu tbe exact shape and dimensions 
of the reservoir. If Urge, and irregular. It must be care- 
full* surveyed. and soundingx taken, and figured upon a 
correct plan and cross-sections. Next, consider the entire 
body of water to be divided into a senes of tbiu hor strata. 

B, C, D, the lop Jin** of the lower one being at least a 
few InB above the top of the opening n It is not necessary 
that these strata should be of equal thickness; although 
the thinner they are, the more correct will the result be. 
The depth of the lower one, D, will vary to tome extent 
with the height of tbe opeulug; those next above it should 
not exceed about a foot m thickness, until a depth of 6 or 8 feet is reached; then they may conve¬ 
niently, and with sufficient accuracy, be increased to about 2 ft, for 6 or 6 ft more; and so on; be¬ 
soming thicker as they approach the surf. By aid of the drawings, calculate the oontent of each 
stratum in cub ft. Now, sinoe the strata are thin, we may, without serious error, assume each of 
them to be prismatic, as shown by tbe dotted lines ; and may assume that the head under which each 
stratum (except the lowest) empties itself through n, is equal to the vert height from the center of 
the opening to the center of the stratum. Thus, m n will be the head of A; vn, the head of B; zn, 
the head of 0. Then, for the stratum A, by Rule 1, Art 9, (only nsing mn as the head instead of on.) 
and instead of the coeff 62 -if that rule (which can only be used if n ts in complete contraction) using 
W. or whatever other coeff near the end of Art 11 applies to the ease, calculate tbe diseh in cnb ft 
per see. Div the oontent of the stratum A by this disah, and the quot will be the number of sec reqd 
for discharging A. Using the head wn, proceed in precisely the same way with tbe stratum B; and 
using the head in, do the same with C. Finallv, for the lower stratum b.'flnd by Buie 1, Art#, (with 
ihe same oaution as before respecting the priqier coeff.) in what time it would empty itself under a 
constant head equal to jr n, measured from its turf to the oenter of tbe opening. Double this time will 
be that reqd to empty itself In the case before us, under Its varying head. Finally, add together all 
tbeve separate times; and their sum will be the entire time reqd to empty the pond, or rwervoir, ap¬ 
proximate] r enough for praotioal purpose*. 
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if) The length L of the crest, Figs. 21 to 22 a, should be at 
least three times the head H, In order to reduce the effect of friction 
of the sides 8 ft and that of end contractions where such exist. The 
height p. Fig. 20, of the vertical back a b in contact with the 
water should be not less than twice the head FI; for, in order to 
reduce the velocity of approach (see Art. 14 u), the cross-section of 
the channel leading to the weir should be large in proportion to 
that of the stream a <;. The cross-section of the channel of ap¬ 
proach should be as regular as passible. 

Iff) The weir should be stoutly built, as vibration* of the structure may 
seriously modify the dUelmige 

(It ) Theoretically, t he head is the vertical distance IF, Fig. 24, from the 

crest a to a point o' where the water is perfectly still, aud the surface therefore 
hoi izonlnl. Hut in fact the head i> usually measured from the crest a to a point o 
a few feet back from the weir where the water is only companitmJy still, the 
velocity of approach being perceptible (See Art. 14, u.) The difference between 
the head H actually measured ami the head H' to still water is usually very 
slight. It is greatly exaggerated in the figure. 

The correct measurement of the head is a delicate matter, the dis¬ 
charge being increased or diminished about l‘ 2 per cent, by 1 pet cent of in- 
crease or diminution of the head Waves or ripples and other disturbances of 
the surface, and capillary attraction, are the chief sources of error. 

(/) To avoid the latter difficulty, the hook-gauge is used for measuring 
the height of the w atcr surface in important cases. This consists of a long grad¬ 
uated rod, provided at Us foot with an upturned hook or point, and sliding 
vertically (bv means of a screw motion) in a fixed support, to which is attached 
a vernier indicating on the scale the height of the point. The sliding rod is 
first run down until the [Hunt i* well below the surface, and then gradually 
raided by means of the screw until the point ju-.t .-caches the suifacc, which is 
indicated hv the fiist apnea ranee of a pimple” in the water suil arc imme¬ 
diately o'er the hook Under favorable circumstances a good hook-gauge may 
be read within from 0002 to 000.1 foot 

(/) To avoid Inaccuracies due to the disturbance of the surface by 
the curient, by wind, etc., the level is sometime^ taken fwith the hook gauge or 
otherwise) in a side chamber which communicates with the mam channel of 
approach. The surface in the chandler maintains the same level as that in tht 
channel itself, but is comparatively free from distuibanco or a bucket com¬ 
municating with the channel by means of a pipe can be made to serve in the 
same way F.iiher may of course be shelteied from the wind Caution. 
Messrs Fteley and SI earns found that when the bucket or chandler communicated 
with the water III' Imttum and ilu\r Ilf In ml the tit n, the head thus obtained was 
generally somewhat greater than that found by measurement near the surface 
and fi feet back from the weir. Hut Mr. Francis found the difference scarcely 
perceptible. 

(A*) Great care is necessary in adjimfing tlie hook-gauge for the 

height of the crest : for any error in this afreets all the subsequent experi- 
ment-s. The hook is usually adjusted to f he height of the surface when the latter 
Just reaches the level of the crest; but this method is rendered inaccurate by 
capillary attraction at the crest A more accurate method is to have, in addition 
to the hook-gauge, a stout fired hook, pointing upward, the level of which, rela¬ 
tively to that of the crest, may be ascertained by means of an engineer's level, 
holding the rod on the crest and also on the point of tlm fixed hook. The water 
surface is then allowed to fall slowly until a “ pimple” just appears over the fixed 
hook. It is then kept at that level and the hook-gauge adjusted accordingly. 
Or If the gauge-hook is a stout one, the levelling rod may be set at once upon its 
point without having recourse to a fixed hook. It is better to adjust the hook- 
gaugo so as to read zero for the crest level, which is thus tnadf the datum ; for 
the reading of the hook-gauge for the water surface then ^ives the head H at 
once, and without subtracting the height of the crest. 
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(1) Formulae for weir discharge. 

Let 


4 = the actual discharge over the weir, in cubic feet per second; * 


= the theoretical discharge over the weir, in cubic leet per second, 

M —H't = the vertical distance or head a m , Fig. 24, p. 556, in feet,* measured 
from the crest a to the horizontal surface o' of ntUl water up-stream from 
the weir; 

L = the length a a of the weir, in feet,* Figs 21 to 22 a ; 
f «= the acceleration of gravity — say 82 2 feet* per second per second; 

> = coefficient of ditichurge = ^ naMj»charge_ _ <1 . ‘ 
theoretical discharge Q' 

2 

* “ 8 *’ 

2 

5 “ 3 c |/2 g =* m t/Tg « say 5.36 c «= say 8.025 m. 

Then, lor the theoretical discharge, we have 


4 " 


| LH l , 


and for the actual diwcharge. 


4-cQ' 


«= *cLH \'Tg H. 

=*mLH|'2yrt . 

■*I-H jTT =xL ; / H r = x L hI , . 


( 2 ) 

(3) 

(4) 


See foot-notes 


For the value of the coefficient (c, m, or xt) we have recourse to 
experiment, measuring the actual discharge and comparing it with the theoret¬ 
ical one, as in the follow mg articles. 


* The formula apply equally to any system of measures, as the English, the metric, 
etc. It is requisite merely that the units, of length, of time, etc., used, be the 
Mime throughout. In metric measure. ,j - 9 81 meters per second pet second. 

t For the present we suppose the head to l>e measured to still water, so that H = H\ 
When this is not the ease, see “ Velocity of Approach,” A>t. 14 (m), etc. 

X It will Is* noticed that the formula' (2), (.)) and (4», with their corresponding coef¬ 
ficients. c, ni, and x, are really identical, diflenng onl* in form. The last is the most 
convenient in practice, hut all are met with in work" on hydraulics. 

\ When watei issues utnlei a head 11, iioin u horizontal orifice in th e bottom of a 
vessel, the theoreti< ai velocity (Art. 7, is = \‘>g H ; and tills may be regarded 

as true also for r ertuul ontices m the titles of vessels, provided the head H to the 
Center of gravity of the orifice is at least two or thiee times the vertical dimension 
of the orifice; for in both cases the theoretical velocities through the several parts 
of the orifice may he taken as equal. But when a vertical oritii e is nearer to the sur¬ 
face, or when H reaches to the surface us in the case of a weir, we must take into con¬ 
sideration the differences in the velocities with which the water issues from points at 
different depths. 

Theoretically, th e part icles pass the oblique plane ao\ Fig. 23, in horizontal lines, 
with velocities (= |/T gT---= 8 025 yli) 
promotional to the square roots of 
their several vertical depths h (not 
indicated in fig.) below still water 
surface at o'. Therefore if from a tn 
we imagine horizontal lines « 
d d', » s', c o', etc., etc, to be drawn, 
representing all these velocities to 
any scale, then the outer ends a', 
d', v\ c', etc., etc., of these lines 
will form, with a m and a a', a 
parabolic segment a m c' a\ the area 
of which is: 

2 2 2 

area g area of rectangle a n (see Parabola, p. 192) = g a m X « «' — * H y'TgTT; 

and this area in square feet, multiplied by the thickness of the escaping sheet of 
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(*») Mr. James B. Francis* experimented at" the lower looks,” LowelL 
Maas., in 1852, with weirs 10 feet long, •*> feet and 2 feet high, under heads from 7 
to 19 inches. To apply his results, the following conditions must exist: 

The head H, Fig 20, must be between 6 and 24 inches. The height p of the 
Tertical back of the weir above the bottom b of the channel must be at least 
twice the head H. The crest a must lie “ in thin partition " (foot-note t p 541), 
and its length L, Figs. 21 to 22 a, must be at least 2 times the head H. The ends 
ah. ah must be vertical, and, when there is end contraction, “ in thin partition.” 

When there is end contraction, Mr. Francis firstdeducta from the actual length 
Lof the weir one tenth f of the head II for each end where contraction occurs. 
Thus, if k — the number of end contractions (two in Fig. 22), 

Q = x(l-»|) H ,'11=.! ( L n ) H" I • . ■ ■ (■•) 

InFig.2!,Q = i (l-“) (l~“) H 2 

But within the limits specified above, the formula is very approximate without 
correction for end contraction, provided the length L of the weir is at least 10 
times the head H; and within 6 per cent, of the truth when L is = 4 H, When 
there is no end contraction, of course no such correction is required, and the 

\ 

formula remains Q=»iLH yH { = / LH • 


Mr. Francis give** x 3.33 for feet-, \ or 

t number of .. 

Discharge — 3.33 X (length — . , .. X 

” \ ° end contractions 


he ad If 
10 


) X H-, J 


the mean of his 88 experiments being ;i.:i:»18. The least value of z obtained by 
him was 8.8002,or 1 in 112 less than 8 Hit; and the greatest was 2.3617, or I in 10.) 
more than 3.83. Hence, with x - 3 33, the formula will give the discharge for 
Bach of his experiments within 1 per cent. In 67 out of the 88 exjieriments 
r ranged between 3.32 and 3.35, and in 53 between 3.32 and 3.34. When x is 3.33, 
m is = 0.415, and c is 0.62? 

The height of the surface was measured six feet back from the weir by two 
hook-gauges, one on each side of the channel; and the mean of their readings 
was used in calculating the coefficient x. 


water, or length L of weir, in feet, giveB the theoretical discharge In cable feet pe^ 
wcond. Or 

2 

O' — LX area a me'a' = L X ~H yigYl. 

Henoe, area amir'a'ln sq. ft. represents the theoretical disch. in cub. ft per sec. over 
l ft length of weir, under head H. The theoretical mean vet. through the motion a o' is 
y _ vv , _ theoretical disc harge Q' 
area am 


Jlh^u f iH = -* } '2 9 n; 

or two thirds of the theoretical hori¬ 
zontal v?locity a o' of the particles 
passing immediately over the weir. 
As in the case of orifices (Art. 9, 
p. 541), the actual vel. at the emailed 
lection of the sheet after passing the 
weir (corrwqionding to the “vena 
contracta ”) is probably very nearly 
equal to this theoretical velocity. 

* "Lowell Hydmulk Experi¬ 
ments,” Van Nostrana, New York, 
1883. 

f In Messrs. tteley and Stearns’ experiments this figure was not constant a* 0.10. 
mt varied between O.06I and 0 124, generally increasing u the head decreased. 

J We here suppose the head to be measured to the surface of dill water so that d 
ad H' (see Art. 14 A, p. 548) are the same. See Velocity of Approach, Art. 14 (u). 



g Since 1 meter - 3.2808 ft., the value of x for metric measure corresponding to Me 
feuds’ A33, is - 3 33 + *'OK3'« 3.33 + 1,8118 - 1.83& 
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Table IS.* Discharge in eubie feet per aecond for each foot 
in length of weir m thin plate and without end conti action, by the Francis 

formula: Discharge, Q/L, per foot of weir length, = 3.3S H ? = 3.33 H\/H. 

V T ery approximate also wheu there is end contraction, provided that L is at 
least == 10 if; and but about 6 per cent, in excess of the truth if L => 4 H. Mr. 
Fraucis limits the formula to heads H from 0.5 foot to 2.0 feet, but. no serious 
error will result from using the table for any of the heads given. For weim 
of oilier lengths than 1 foot, multiply the tabular discharge by the actual 
length in feet. J 


— head, in ft; = diseh in eu ft per sec per weir-lgth ft 


11 

H/l. 

If 

a/*- 

If 

<t/*- 

11 

<t/i 

11 

«*/*. 

.01 

0.003 

.51 

1.213 

1.01 

3.380 

1.51 

6.179 

2.01 

9.489 

.02 

0 009 

.52 

1.249 

1 02 

3.430 

1.52 

6.240 

2.02 


.03 

0.017 

.53 

1.285 

1.03 

3.481 

1.53 

6.302 

2.03 


.04 

0 027 

.54 

1.321 

1.04 

3.532 

1.54 

G 364 

2.04 

9.703 

o.» 

0.037 

.55 

1.358 

1.05 

3.583 

1.55 

6.426 

2.05 

9.774 

.06 

0.049 

.56 

1.395 

1.06 

3 634 

1.56 

6.488 

2.06 

9.846 

.07 

0 062 

.57 

1.433 

1.07 

3 686 

1.57 

6.551 

2.07 

9.917 

.08 

0.075 

.58 

1.471 

1.08 

3 737 

1.58 

6.613 

2 08 

9.989 

.09 

0 090 

.59 

1.509 

1.09 

3.790 

1.59 

6 676 

2.09 

10.062 

.10 

0.105 

.60 

1.548 

1.10 

3.842 

1.60 

6.739 

2.10 

10.134 

.11 

0.121 

.61 

1586 

1.11 

3.894 

1.61 

6.803 

2.11 

10.206 

.12 

0.138 

.62 

1.626 

1.12 

3.947 

1.62 

6 866 

2.12 

10.279 

.13 

0.156 

.63 

1.665 

1.13 

4.000 

1.63 

6.930 

2.13 

10.352 

.14 

0.174 

.64 

1.705 

1.14 

4.053 

1.64 

6.994 

2.14 

10.425 

.15 

0 193 

.65 

1.745 

1.15 

4.107 

1.65 

7.058 

2.15 

10.498 

.16 

0 213 

.66 

1.786 

1.16 

4.160 

1.66 

7.122 

2.16 

10.571 

.17 

0.233 

.67 

1.826 

1.17 

4.214 

1.67 

7.187 

2.17 

10.645 

.18 

0.254 

.68 

1.867 

1.18 

4.268 

1.68 

7.251 

2.18 

10.718 

.19 

0.276 

.69 

1.909 

1.19 

4.323 

1.69 

7.316 

2.19 

10.792 

20 

0.298 

.70 

1.950 

1.20 

4.377 

1.70 

7.381 

2.20 

10.866 

.21 

0.320 

.71 

1.992 

1.21 

4.432 

1.71 

7.446 

2.21 

10.940 

.22 

0.344 

.72 

2.034 

1.22 

4.487 

1.72 

7.512 

2.22 

11.015 

.23 

0.367 

.73 

2.077 

1.23 

4.543 

1.73 

7.677 

2.23 

11.089 

.24 

0.392 

.74 

2.120 

1.24 

4.598 

1.74 

7.643 

2.24 

11.164 

.25 

0.416 

.75 

2.163 

1.25 

4.654 

1.75 

7.709 

2.25 

11.239 

.26 

0.441 

.76 

2.206 

1.26 

4.710 

1.76 

7.775 

2.26 

11.314 

.27 

0.467 

.77 

2.250 

1.27 

4.766 

1.77 

7 842 

2.27 

11.389 

.28 

0.493 

.78 

2.294 

1.28 

4.822 

1.78 

7.908 

2.28 

11.464 

.29 

0.520 

.79 

2.338 

1.29 

4.879 

1.79 

7.975 

2.29 

11.540 

.30 

0.547 

.80 

2.383 

1.30 

4.936 

1.80 

8.042 

2.30 

11.616 

.31 

0.575 

.81 

2.428 

1.81 

4.993 

1.81 

8.109 

2.31 

11.691 

.32 

0.603 

.82 

2.473 

1.32 

5.050 

182 

8.176 

2.32 

11.767 

.33 

0.631 

.83 

2.518 

1.33 

5.108 

1.88 

8.244 

2.33 

11.843 

.34 

0 660 

.84 

2.564 

1.34 

5.165 

1.84 

8811 

2.34 

11.920 

.35 

0.690 

.85 

2.610 

1.35 

6.223 

1.86 

8.379 

2.35 

11.996 

.36 

0.719 

.86 

2 656 

1.36 

5.281 

1.86 

8.447 

2.36 

12.073 

37 

0.749 

.87 

2.702 

1.37 

5.340 

1.87 

8.515 

2.87 

12.150 

.38 

0.780 

.88 

2.749 

1.38 

5.398 

1.88 

8 584 

2.38 

12.227 

.39 

0.811 

.89 

2.796 

1.39 

5.457 

1 89 

8.652 

2.39 

12.304 

.40 

0.842 

.90 

2.843 

1.40 

5.516 

1.90 

8.721 

2.40 

12.381 

.4t 

0.874 

.91 

2 891 

1.41 

5.575 

1.91 

8.790 

2.41 

12.459 

.42 

0 906 

.92 

2.939 

1.42 

5,635 

1.92 

8.859 

2.42 

12.536 

.43 

0 939 

.9.1 

2.987 

1.43 

5.694 

1.93 

8.929 

2 43 

12.614 

.44 

0.972 

.94 

3.035 

1.44 

5 754 

1.94 

8.998 

2.44 

12.692 

.45 

1.005 

.95 

3.083 

1.45 

5.814 

1.95 

9.068 

2.45 

12.770 

.46 

1.039 

.96 

3.132 

1.46 

5.875 

1.96 

9 138 

2.46 

12.848 

.47 

1.073 

.97 

3.181 

1.47 

5.9 35 

1.97 1 

9.208 

2.47 

12.927 

.48 

1.107 

.98 

3.231 

1.48 

5.996 

1.98 . 

9.278 

2.48 

18.005 

.49 

1.142 

.99 

3.280 

1.49 

6.057 

1.99 

9.348 

2.49 

13.084 

.50 

1.177 

1.00 

3 330 

1.50 

6.118 

2.00 1 

9.419 

2.60 

13.163 


* Table 13 is an extension of the “ original ” table published in our first edition, 
1872. Most of the values now given are taken, by permission, from a table published 
fcy Messrs. A. W. Hunking aud Frank S Hart, of Lowell, Mass., in May 1884 
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(m) Mmn, A. Fteley and F. P. Ntearnn * experimented at Boston. 
Mass, in 1877-79, upon weirs 5 feet and 19 feet long, 8 feet 2 inches and ti feet 6*4 
inches high, and under heads from 0.8 inch to 19 inches. For weirs in thin par¬ 
tition ana without end contraction, with a rectangular and uniform channel oi 
approach and under heads greater than 0.07 foot or 0.84 inch (other cor*Ution& 
as specified in (6) and (rf>), their formula is: 


11-. }t 


( 6 ). 


Disehargo. Q = 3.31 L H-’ + 0.007 L 

= 0.4125 L H fig If fO 007 1 
Tn their experiments, the heads were measured six feet hack from the weir. 
The total variation in the values of the coefficient* obtained was atwmt per 
cent. Compare foot-note £ below. * 

(©) Ilf. Basin % experimented at Dijon, France, in 1886-88, with weirs from 
about 1 y, to 6 V, feet long, from about 9 inches to3feet 9 inches 
high, anci tinder heads from to 21 inches The ton of the 
weir is shown in I* ig. 23 «. The weirs were placed at different 
points in a rectangular and regular canal 700 feet long, 
smoothly lined with cement. Compare foot-note 0 below. 

While Mr. Francis and Messrs hteley and htearns provide 
for the effect of velocity of approach (see Art. 14 w and v by 
modifying the meusuretl head 11, M. Bazin includes it in the 
cojficievt in in the formula Q — m L H ^2 gYl. 

g Let M - the value of m for the ease where velocity of ap¬ 
proach -0. Then, very approximately: 

mu « 0.003 A t(4e , 3.28 X 0.003 _ ... , 0.00984 

8 M = 0.40o + u- 4 — =0.405 + —T-— -= 0.40O + Tl -. 

• H meters ii feet H fee* 

When velocity of approach is to be taken into account: 

™ = m[i +0W (hV p ) 2 ]- • ■ • < 7 >'- 

where H is the head actually measured to running water, 
and p is the height a b of the weir, Fig. 20. H and p must of 
oourae both be measured in the same unit, as both in meters, or both in feet, etc. 



M. Bazin believes that except in the case of very low weirs (which should be 
avoided) the values of m given by formula (7) and in Table 14 calculated from 
it, will be found within 1 per cent, of the truth for weirs in thin partition and 
without end contraction, if the conditions of his experiments are exactly repro¬ 
duced, and provided especially that the sheet of water is not allowed to expand 
laterally alter passing the crest (Art. 14 (tl)) and that the air has free access tft 
the space w, Fig. 20, behind the fulling sheet of water. 

For heads between 4 inches and 1 foot, M. Bazin gives, as Niiffieiently ®p» 
proximate, 

when there is no velocity of approach, M = 0.425 ,\ 


and, to allow for velocity of approach, m 


0.425 + 0.21 



* Transactions, American Society of Civil Engineers, Jan., Feb. and March, 1883. 

| See correction for Velocity of Approach, Ait 14 ( 11 ). 

} Experiences nouvellessur Pfooulement on deversulr. Extrait ties Amiales dee 
Ports et Chauswes, Oct., 1888. Paris, Vve Ch. l)unod, 1888. Translation by A 
Marichal and John C. Trautwine, Jr., presented to Engineers’ Club of Philadelphia, 
in 1889, for publication in its Proceedings. 

\ This would make x = 3.41 (since x =- in j'2 y — 8.025 w); whereas Mr. Francis 
gives* = 3.33, which agrees very well with Messrs. Fteley and Stearns, within the 
limits of Art. 14 (m). Yet M. Bazin measured the head 1ft feet back from the 
weir, while the other experimenters measured It only ft feet hack, and the slight 
Increase of head thus ohtaini*d by M. Bazin would of itself have made his coefficient 
fower than theirs. Its e.\< ess may he largely due to the character of the channel of 
approach, which in his case was from 50 to 700 feet long, rectangular and regular in 
cross-section, and smoothly coated with cement. In the oilier exiteriments it waa 
much lees regular. 
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14. YeIum of Buin*M m, in the formula: 

Q = »L II V2TH> 

The coefficient, m-= p. 549, being a mere ratio, la 

independent of the unit of length adopted; but Bazin's M and m in¬ 
clude correction for velocity of approach. They therefore depend 
upon the unit in which II is expressed. See p. 552. 

Using Bazin’s m, as given in the table below, we have, for the 

discharge per second : _ 

Cubic meters — m X length L in met. X head II* in met, X^y 9.81 II in met.; 
Cubic feet - m X length L in feet X head H* in feet X V 2 X U2.2 H m feet. 

wi L be 00 that be J 0 ™' fhe heavy lines the head II is greater than 
l /i height ;i, and thus exceeds the limit laid down in (f) and (ml. 


Head H, Fig. 24, p, 656. 


feet I inches. 


.328 

.394 

.459 

.525 

.591 

.656 

.722 

.787 

.853 

.919 


1.050 

1.116 

1.181 

1.247 

1.312 

1.378 

1.444 

1.509 

1.575 

1 640 
1.706 
1.772 
1.837 
1.90.3 
1 969 


3.94 
4.72 
6 51 

6 30 
7.09 

7 87 

8. Mi 

9.45 

10.24 

11.02 

11 81 
12 no 
13.39 
14.17 
14.96 

15.75 
16 54 

17.32 
18 21 
18.90 

19 fi9 
20.47 
21.26 
22 05 
22.83 
22.62 


Height. Fig. 20. of cn st of weir above bed of up-Atream channel. 


. meters 0 20 0 30 0.40 0.50 0.60 0.80 1.00 1.50 2.00 

| (feet 0.6^6 0.984 1.312 1.640 1.969 2.624 3.280 4 920 6 560 . £ 

\ Incite* 7 87 11 81 15.75 19.69 23.62 31 50 39.38 59.07 78.76 -1 


.458 
.456 
.455 
.4.>6 
.457 


in in m 

•451 .451 .450 

.450 .447 .445 

.44H .445 .443 

.447 .443 .441 

.447 .442 .440 


.449 .449 .449 

.445 444 .443 

.442 .44! .440 

.440 .438 .438 
.438 .436 .436 



in m Mf 

.448 .448 .4481 
.445 .443 .4427 
.440 .439 .4391 
.437 .437 .4363 
.435 . 434 .43* 

.433 .433 4822 

.430 .430 .4291 
.428 .428 .4267 
.427 .426 .4244 
.426 .425 .4229 

.425 .423 .4215 
.424 .423 .4203 
.424 .422 .4194 
.424 .422 .4187 
.424 .422 .4181 

.424 .421 .4174 
.424 .421 .4168 
.424 .421 .4162 
.424 .421 .4166 
.424 .421 .4150 

.424 .421 .4144 
.425 .421 .4139 
.423 .421 .4134 
.425 .421 4128 

425 .421 .4122 

.426 .421 .4118 
.426 .421 .4112 
.426 .4*21 .4107 
.427 .42! .4101 
.427 .421 .4096 
.427 .421 .4092 


Owing to the wide range of the head II and of the height p in these experi¬ 
ments, we find in them a wider diveriernre in the values of the coefficient 
than resulted from the earlier investigations Thus, the smallest value of m 
above the heavy lines is 0.4092, or about one nineteenth leBS than the mean, 
0.4.‘J25; and the greatest is 0.459, or about one sixteenth more than 0.4325, 


* In these experiments, the head H was measured at a point 5 meters (ltt.4 ft) back 
from the weir. The correction for velocity of approach is contained in the coefficient m. 

t M is tiie value of m when there is no velocity of approach; L e,, where the crose- 
soction of the channel of approach is indefinitely great compared with that of the 
stream of water passing over the weir. 
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( p) From a comparison of a number of experimental data, the author 
deduced the following 

Table 15. Approximate values of the coefficient in in the 

formula: 

<l = mL H y^gTH, 

tor weirs of several different shapes and thicknesses. (Original) 


Hem 

Feet. 

1, H. 

Inches. 

Sharp Edge.* 

3Inches 
thick. 

3 ru thick: 

smooth; slop¬ 
ing outward 
and dowuward, 
from 1 in 12 to 
1 In 18. 

3 ft. thick; 
smooth; and 
level. 



m 

m 

m 

m 

.0833 

I 

.41 

.87 

.32 

.27 

.1666 

2 

.40 

.88 

.34 

.30 

.25 

3 

.40 

.39 

.34 

.31 

.3333 

4 

.40 

.41 

.35 

.31 

.4166 

5 

.40 

.41 

J35 

.32 

.5 

6 

.89 

.41 

.36 

.33 

.5833 

7 

*39 

.41 


.82 

.6666 

8 

.39 

.41 

*34 

.31 

.8333 

10 

.38 

.40 

.34 

.81 

1. 

12 

.38 

.46 

.33 

.81 

2. 

24 

.37 

.39 

.32 

.30 

3. 

36 

.37 

.39 

.32 

.30 


(?) To find the head II, approximately; haring the discharge <4 
According to formula (3) and (4), Art. 14 (0. 

Q =* to L H \'‘L g H ■zLHi / H=mL fitg VH* f =-tL y'H*, 

Hence _ _ 

-iUW-ikS" 

or _ __ 

Head, H, ^ * / square of discharge of s trea m, in cub, ft. per sec. 
approximately “ \ »** X length* X 64.4 


V Bq. of discharge, 
r* X length 2 


The coefficient mor r itself varies somewhat with the head; but the formula 
mav be usefully employed as an approximation by taking, for sharp-created 
weirs, in -=* 0.415 {in 9 = 0.172) or z =» 3.33 (r 2 11). For other shapes, see Table 

15, above. 



a 

^ I 


5 



1 Fl«.23b 


(r) Submerged weirs. Fig 23 b, are tho^e in which the surface of the 
doim -stream water at A, after the constructioa 
of the weir, is highn than the crest a. 

In a weir discharging freely into the air, as 
in Fig. 20, Mr. Francis found that with a head 
of 1 foot the discharge was diminished only 
about one thousandth part by placing a solid 
horizontal floor aismt 6 inches below and in 
front of the crest of the weir for the water U 
fill upon. Also, when the head was 10 inches, and the water fell freely through 
the air into water of considerable depth (as in Fig 20), the quantity discharged 
was the same whether the surface of the down-stream water was about 3 inches 
or about 13 inches l>elow the crest a. 

In experiments by Mr. Francis and by Messrs Fteley and Stearns, with air 
freely admitted underneath the falling sheet of water just below the crest a, the 
discharge was not appreciably affected by a submergence of A = from 0.017 II to 
0.023 H. When air was only partially admitted, the discharge was affected («► 
created) by leas than one per cent, while A remained less than 0.15 H. 


* These values »,re lower than those given In Art. 14 (m) and (n), and much lowU 
than those in lo). 




HYDRAULICS. 


555 


DubaAt’fl formula for ftubmerged weirs. Let 

H and h — the heads measured vertically from the crest a of the weir to th* 
surface of still water* up-stream and down-stream from the weir, 
respectively. 

d — H — A — their difference = the difference in level between the up-stream 
and down-stream surfaces of still-water,* 


c 

Then 


= coefficient of discharge = 


actual discharge 


theoretical discharge' 

Q = eL^A+| .(9) or: 


Actual dlwcharge _ c x length of x s . 025 l ( n n 7t. x I h iu ft , + 
in cub. ft. per sec. weir in ft \ 3 / 

(#) MewNrH. Fteley and Stearns J experimented at Boston in 1877 with 
submerged weirs under up-stream heads H from about4 to 10 inches; and 
lUr. Francis # at Lowell in 1883 under heads from about 1 foot to 2 feet 4 
inches. 

From these experiments we deduce the following 

Table 16, of approximate values of the coefficient e in the formula for 
discharge over submerged weirs. 


Q-«eL^A + |rfj jfTgB. 


Deduced from experiments by Fteley and Stearns and by 3. B. Francis, In 
Mr. Francis' experiments, the value of c for a given value of h ■+■ H generally 
increased as H increased. 



Fteley and Stearns. 

(H - 0.325 to 0.815 feet.) 

J. B. Francis. 

(H - 1 to 2.32 feet) 

6 + H 

« 

c 

.05 


.623 to .632 

.10 

.625 to .635 

.620 to .630 

.20 

.618 to .628 

.610 to .625 

.80 

.600 to .610 

■S98 to ,81S 

.40 

.590 to -600 

.586 to .610 

.60 

.585 to .595 

.585 to .607 

.60 

.683 to .593 

.585 to .607 

.70 

.580 to .590 

A 85 to .607 

.80 

-581 to .591 

.685 to .607 

M 

.590 to .600 


S3 

.610 to ,615 



* For velocity of approach, see Art. 14 fa) etc. 

f In deducing this formula, the water that passes over the weir between o and b is 
assumed to flow as over a weir with its crest at f>, and with free discharge into the air, 
as over the crest a in Fig. 20; and for this portion, by formula (2) in Art 14 (I), the 
discharge would be: 

Qa-«I»3 dy'igl; 

while the water that passes through the lower portion between 6 and a Is regarded as 
flowing through a submerged vertical orifice whose height is b a ** *, under a head 
— d. For this lower portion, therefore, the discharge would be: 

Q a =c l h yzy3. 

It is assumed that the coefficient of discharge c is the same for the upper section 
e b as for the lower one a b. Hence, adding these two discharges together, we obtain, 
for the entire disharge: 

I Transactions, American Society of Civil Engineers, March, 1883, p. 101, eto. 

| Transactions, American Society of Civil Engineers, Sept., 1884, p, 296, eta 
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(t) Mr. Clemens Herschel, * comparing these experiments with 
tome earlier ones by Mr. Francis, Rives the following: 

Having ascertained the depths II and h of the crest below thestill- 
vater levels up-stream and down-stream respectively, divide h by II. 
eind the quotient, as nearly as may be, in the column headed A -MI in 
Table 17. Take out the corresponding coefficient o, and multiply It 
jy the up-stream head H.t 

The product a II is the head which would cause the given weir to 
lischarge the same quantity freely into the air, as in Fig. 20. Find 
:be discharge into air over the given weir with the head a II ; and 
ills discharge will be approximately the same as that of the actual 
i ubmeryed weir under the up-stream head II and against the down- 
itream head h; or (II being the actual up-stream head on the sub 
nerged weir) the discharge is 

QrmCan V2 <j all r= L a II VaH. (10). 


TABLE 17. 


fc-rll I 

a 

A -MI 

a 

; 1 

7r-S-H 

a 


1.000 to 1.010 

.45 


.72 

0 762 to 0.784 


0 075 to 0.005 

.50 

0.874 to 0.010 

.74 

0.747 to 0.700 


0.0(50 to 0.084 


0.850 to 0.880 

.70 

U.7S2 tn 0.752 


0.045 to 0.075 

.00 

0.820 to 0.803 

.78 

0.713 to 0.735 

.35 

0.028 to 0.000 


0.803 to 0.833 

.80 

0.003 to 0.713 

.40 

0.012 to 0.040 

.70 

0 775 to 0 700 




(«) Velocity of approach. See l'ig. 24. It is generally imprac¬ 
ticable to measure the head II' to perfectly 
at 111 water o' up->rtream. The ncad is usually 

measured at a point o, from 2 or 3 to G or 

8 feet or more up stream from the weir, 

according to the sm* ol tie- latter. At 

such points the velocity is generally ap- 

iii triable, and the mu lace tlieieloie a 

little lower than at o'. lienee a formula 

using the smaller head II so measured, 

instead of H', and coefficients based upon 

H', will gi\e too miuiII a discharge. Mr. 

Francis iound that a current of 1 foot 

per second, or nearly 0 7 mile fter hour, 

at the point o to which the head was 
treasured, increased the discharge but about 2 per cent, when the head was 

3 inches ; and a current of fi inches per second increased the discharge about 1 

ercent. when the head was 8 inches. 

If, however, the velocity of approach is such as to require consideration, pro- 

eed as follows: For the approximate mean velocity of approach, we have: 


ap proximate discharge _ _ 3 83 L II - 

V = areaof entire cross section of stream at o area at o * 

t > 8 

ad, for the head due to this velocity, h = __ 

<* *9 

Then, for all practical purposes, we may say: H' = II f A; or 

« = L (II + A) ^ fOTTIl = 11. (K + A)i .(11) 


Ithough, strictly speaking, the difference of level iietween of and o is really 
u shown in Fig. 24) somewhat greater than h, or than t > 3 + 2 g, because some 
ead ia lost in friction between o' and o. 4 



* Transactions, American Society of Civil Engineers, May, 1886, pp. 189, etc. 
f Mr. Herechel’s table, from which ours is condensed, gives a for every 0.01 foot of 
+ H; but the values of a intermediate of those we have selected may he taken from 
ur table almost exactly by simple proportion. 
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(r) Np»sr«. Fteley and Stearnw make H' = H + 1.5 h for suppressed 
weirs, aud H' = H f 2.05 A for weirs with complete end contractions, as averages; 
aud Mr. Hamilton Smith, Jr.,* after comparing their experiments with others 
by I-esbros, ( astel and Mr. Francis, gives H' — H + \y A A, and H' = H + 1.4 A, for 
the two cases res|»ectiveiy. 

(if) On the other hand, Mr. Francis’ formula, as modified for velocity of 
approach, 


Q -= * L t Mir+ "XT 1 *— }'W) — m Ij f \2g (\ (H +■" 

makes the effect of II' Less than that of II + A. 


A) 3 — 




( 12 ). 


(x) Messrs. A. W. Hiinking and Frank H. Hart, Civil and Hy¬ 
draulic Engineers, have substituted for the expression (F(II + A)* — y'Pj in 
formula (12), the equivalent one K FH 3 , in which K is a coefficient deduced from 
the former expression, and therefore depending upon the relation between H 
ami A, or, ultimately, upon that between the cross-section a s Fig. 24 at the weir 
and the entne cross-section of the stream at o 


Having found the area of cross section at o, divide it by j, which 

is the length of the weir corrected for contraction. See Art. 14 ( m ). Call the 
quotient l>jj Divide the measured head H by 1>. Find this last quotient in 

the column ^ of the table. Multiply the approximate discharge, Q ** 3.33 
— n J* j li-,by the corresponding coefficient K; or 
Actual IMscliarge Q = 3.33 K — n ^ j H2 .(13) 


Table IH. Coefficient K in formula (13). 


H 


H 

K 

II 

1)’ 

D 

D 

.01 

1.00( H ) 

.09 

1.0020 

.17 

.02 

10001 

.10 

1.0025 

.18 

.m 

1.0002 

.11 

i oo:so 

19 

.04 

1.0004 

.12 

1.0036 

.20 

.05 

1.0006 

.13 

1.0042 

.21 

.06 

1.0009 

.14 

1 0049 

.22 

.07 

1.0012 

.15 

1 0056 

23 

.08 

1.0016 

.16 

1 0064 



K 

H 

D 

K 

H 

K 

1.0072 

.24 

1.0143 

.31 

1.0239 

1.0081 

.25 

1.0155 

.32 

1.02.54 

1.0090 

.26 

1.0168 

.33 

1.0271 

1.0100 

.27 

1.0181 

.34 

1.0287 

1.0110 

.28 

1.0195 

.35 

1.0305 

1.0121 

.29 

1.0209 

.36 

1.0322 

1.0132 

.30 

1.0224 

.87 

1.0341 


* “ Hydraulics,” John 1\ ih*y A Sons, New York, 1886. 

f If there are end eoutiactions, L here becomes^ L — n j* See Art. 14 (m). 


} Tliis formula is deduced ns follows: Let the area of the parabolic segment a * a’, 
Fig. 24, represent the theoretical discharge over a weir one foot long (as explained in 
foot-note \ p. 649) under the measured head II - a s, as though there were no current 
at «. I*et m s = h ~ o* t 2 g. The theoretical velocities of the particles passing the 
oblique plane o a under their actual heads, will now lw* represented by horizontal lines 
«*", a a", etc., etc, drawn from every point in s a to the outer curve *” a" ; the line • t" 
representing e — velocity of approach = y2g A, and a a" representing 
Then, area ft" a" a 

2 2 

= area m a a — area m «" * ■= 3 area of rectangle a n -^ area of rectangle » k 

- 3 ( lI + h ) Wo (*1+17— 3 * v'27*. = 3 Wi (v^ff+TR* — V**) j 

and the actual discharge is 

Q = cX length of weir X area »t" a” a — cl ^ \'2g ^ F(H + *)* — tf*) 

■ »L ]/2g A) 3 — V^A 3 ^ — x L + A) 3 — 

§ In a weir without end contraction, D = H + p. 
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1 / H 

K is very approximately —1+^1 ^ J Henoe 

Q = 8.3 3 [l+!(§)’] (l—£)h* 

- [*» + 0.83 (“)*](l.-»f) H t. ... (14) 

See Journal of the Franklin Institute, Philadelphia, August, 1884, from which 
we condense the above tuble 


ty) M. Bazin, see Art. 14 (n), provides for the velocity of approach by modi¬ 
fying the coefficient in instead of the head IT, making in = 0 425 -+ 0.21 ^ j ; 
while by Messrs Honking and Hart’s method (based upon Mr. Francis’ experi- 
ments) m becomes = 0.415 + 0.10 II. 


Art. 15. Inclined weirs. If the up-stream face of the weir, instead 
of being vertical, as in Fig. 25, is inclined up-stream, as in Hg. 25«, or down¬ 
stream, as in Fig. 256, the character and amount of the discharge are modified 
With an up-stream inclination (1 ig 25a) the lower side of the sheet of water 
passing over the weir leaps higher, and tends more and more up-stream .‘is the 



inclination is increased With a down-stream inclination (Fig 25b),on the con¬ 
trary, as the inclination increase-, the upward leap of the vTieet decreases, its 

S rofile becomes more and more flattened, and the curie ol the upper surface, 
ue to the fall, extends farther up-stream from the cie-t of the weir. 

An up-stream inclination (Fig 25 a) decreases, and a down-stream one (Fig. 
256) increases, the discharge, as is indicated by the following coethcients ob¬ 
tained by M. H. Bazin :* 

For the discharge over an inclined weir, having ascertained the 
discharge over a vertical weir of the same height and head and under similar 
wnditlons in other respects, multiply the discharge over the vertical weir by 
the following approximate coefficients- 



| Inclination. | 

i AiikI. j 

Coef- 


Horizontal. 

Vertical. 

w ith hor. 

with vert. 

ficieut. 


1 

1 

45° 

45° 

0.93 

Weirs inclined up- 

I 

1 

56° iy 

83° 41' 

0.94 

stream. Fig. 25 a.... 

l 

1 

7J° 84' 

| 18° 26' 

0 96 

Vertical weirs, Fig 25... 

0 

1 

90° 

0° 

1.00 

f 

i 

1 

71° 84' 

18° 26' 

1.04 

Weirs inclined down- ] 

i 

1 

56° 19' 

33° 41' 

1.07 

stream, Fig. 256...-j 

1 

1 

45° 

45° 

1.10 

* 

2 

1 

20° .74' 

63° 26' 

1.12 


• “Experiences Nouvelles sur l’tfcoulement en D6versoir,’’ 2e Article; “Annate* 
|M Ponte et ChHUHS$ee,” January, 1890 , translated in Proceeding*, Engmew »’ Club d 
miadtlpUa, vol ix.. 1892. 
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The discharge will be increased also If the inner corner, or edge of the erest 
be rounded off; instead of being left sharp; or if the sides of the reservoir con¬ 
verge more or Jess as they approach the weir, so as to form wings lor guiding 
the water more directly to it; or if ab, Fig 20, be less than twice a m. indeed, 
so many modifying circumstances exist to embarrass experiments on this and 
similar subjects that some of those which have been made with great care are 
rendered inapplicable as other than tolerable approximations, in consequence 
of tho neglect to take into consideration some local peculiarity which was not 
at the time regarded as exerting an appreciable effect. Euless, therefore, cir¬ 
cumstances admit of our combining all the conditions mentioned in Art. 14 ( d), 
(/) and (to), pp. 547, 548 and 550, thereby securing eery approximate results, we 
must either resort to an actual measurement of the discharge in a vessel of 
known capacity; or else be content with rules which may lead to errors of 5, 
10, or more per cent in proportion as we deviate from these conditions. Fre¬ 
quently even 10 per cent, of error may be of little real importance. 

Remark 1. When the water, after passing over a weir, Fig. 26, instead of fall- 



Flg. 26. 


ing freely into the air, is carried away by a slightly inclined apron or trough, T, 
the floor of which coincides with the crest a , of the weir, then the discharge is 
not appreciably diminished thereby when the head a to, is 15 inches or more. 
But if the head a m is but 1 foot, then the calculated discharge must be reduced 
about one-tenth; if « inches, two-tenths; if 2% inches, three-tenths; and ifl 
inch, live-tenthH, or one-half, as approximations. 

Remark 2. Professor Thomson, of Dublin, proposed the use of triangular 
notches, or weirs, for measuring the discharge. inasmuch as then the periphery 
always bears the same ratio to the area of the stream flowing over it; which is 
not the case with any other form. Experimenting with a right-angled triangular 



Fig. 26 A. 


notch in thin sheet-iron. Fig.26 A, with heads of from 2 to 7 inches, measured 
vertically from the bottom of the notch to the level surface of the quiet water, he 
found discharge in cubic teet per second = .0051 X /fifth power of head in inches. 
= 2.54 X /fifth"power of HeadTrTfeet * Or, in geneial, if m =■= coefficient of 
contraction (Art. 9, p 541) T= tangent of % the angle oi the notch 
= % width of water-surface — the depth in the notch, g — the accelera¬ 
tion of gravity = say 32 2 feet per second, and A=the head, measured 
as above; then 

Discharge = ”” T y/Sgh * * = 4 28 Wl T p tfi* 


, I “'?. ar , k it ''"»t«ieting the Irrigating canal, Canale Villon*!, near Milan, 
In loo L 4, the Italian engineer, Cesare t'ippoletti.f udopted a trapezoidal 

notch, with its bottom edge horizontal and its 


ends sloping at 


4 vertical 


, in 


order lo avoid the necessity of either suppressing or allowing for enTcontiac- 
tions. (See Art. 14 c, p 547, and m, p 550.) The contraction was found to affect 
only the triangular spaces over the sloping ends of the weir, and the effective 
length of the weir thus remained constant <aud equal to the length of the bot¬ 
tom edge) for all beads. In using these weirs tiie contraction is complete along 
the bottom as well as at the ends. 


* For such roots see p. 68. 

t See his work, Conafe ViUoreei; Modulo per la Diipenaa della Aoqua, eta. Milan. 
1886; published by Societa Italiana per Condotte d’Acqua. Results summarized by 
L. Q. Carpenter, in Bulletin No. 13, Agricultural Experiment Station, Itort ColliM. 
Colorado, October, 1890. 
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. OH THE FLOW OF WATER IH OPEN CHANNELS. 

Art. IS. The mean velocity of flow is an imaginary uniform one, 
which, if given to the water at every point in the cross section, would give the 
tame discharge that the actual ununilorm one does. Or 

. volume of discharge 

mean velocity =- ; - 

area of cross section 

In channels of uniform cross section, the maximum velocity is found 
about midway between the two hanks, and generally at some dist below the sur¬ 
face. This diet varies in diff streams; but, as an average, it seems to be about 
one third of the total depth. Where the total depth is great in proportion to 
the width, (say £ the width or morel, the max vel has been found as deep as 
midway between surf and bottom; while in small shallow streams it appears to 
approaen the surf to within from .1 to .2 of the total depth. Many experiments 
upon shallow streams have indeed indicated that the max vel was ui the surf. 


1 The ratio between the velocities in different parts of the 
cross section varies greatly in diff streams; so that but little dependence 
can be placed upon rules for obtaining one from the other. With the same surf 
vel, wide and deep streams have greater mean and bottom vela than small shal¬ 
low ones. In order to approximate roughly to the mean vel when 
the greatest surf vel is given, it is frequently assumed that the former is = J 
(or .8) of the latter. But Mr. Francis found, in his experiments at Lowell, that 
surface floats of wax. 2 ins diarn, floating down the center of a rectangular flume 
10 ft wide, and 8 ft deep, actually moved about G per cent shiver than a tin tube 

2 ins diam, reaching from a few ins above the surf, down to within 1^ ms of the. 
bottom of the flume; ami loaded at bottom with lead, to insure its maintaining 
a nearly vert position. While the wax surf float moved at the late of .1.73 ft per 
^ec, the rate of the tube (which was evidently very nearly the same* as that of 
the center vert thread of water) was 3.518 ft per sec. Also, that in iho same flume, 
with vels of the center tube varying from 1.85 to 4 ft per sec, the vel of the tube 
was less than that of the mean vel of the entire cross section ot water in the 
flume, about as .96 to 1, for the lesser vel; and .93 to 1 for the greater vel. 
While, in another rectangular flume 20 ft wide and 8 ft deep, with vels varying 
from 1.16 to 1.84 ft per sec, that of the tubes was greater than that of the entire 
mass of water, about as 1.04 to 1. In a flume 29 ft wide, by 8.1 ft deep, with vels 
of about 3 ft per sec, it was as 1 to .9; and in a flume 36J it wide, by 8.4 ft deep, 
with vels of about ft per sec, as 1 to .97. 

Charles Ellet, Jr, C E, found in the UliNNiMMippl "at difTpoints 
on the river, in depths varying from 54 to 100 ft; and in currents varyi ng from 
8 to 7 miles an hour that the speed of a float supporting a line 50 ft long, is al¬ 
most always grea er than that of the surf float alone.” The same results were 
obtained with lines 25 and 75 ft long ; the excess of the speed of the line floatB 
being about 2 per cent over that of the simple floats: and Mr. Ellet concludes 
therefore, that the mean vel of the enure cross section of the Mississippi, instead 
of being Jess, is absolutely greater by about 2 per cent, than the mean surf vel. 
He, however, employed .8 of the greatest surf vel as representing approximately, 
in his opinion, the mean vel of the entire cross section of water. In xhallote 
streams, he always found the surf float to travel more ranidly than a line float. 

European trials of the mean vel of separate single verticals , in tolerably deep 

'lien,We tesullei In Irani.o .SO (it (he »art to 1 at eiutoratreaV, The 

of all may be taken at .9. 


Bottom velocity. In streams of nearly uniform slope and cross section, 
there is a great reduction of vel near the bottom. As a very rough approxima¬ 
tion, the deepest measurable vel, in streams of uniform slope etc, appears to be 
from J to J or the mean vel. 

Art. 17. To measure the surface velocity, select a place where 

the stream is for some dist (the longer the better) of tolerably uniform cross 
section; and free from counter-currents, slack water, eddies, rapids, etc. Ob¬ 
serve, by a seconds-watch,or pendulum, how long a time afloat (such as a small 
block of wood! placed in the swiftest part of the current, occupies in passing 
through some previously measured dist. From 50 feet for slow streams, to 150 ft 
for rapid ones, will answer very well. This dist in ft, or ins, div by the entire 
number of seconds reqd by the float to traverse it, will give the greatest surf vel 
in ft or ins per sec. 

Tbenurf velfthonld be meaiwl in perfectly calm weather, 

so that the float may not b« disturbed by wind ; and, for the same reason the 
float should not project much above the water. The measurement should be 
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repeated several times to insure accuracy. In very small streams, 
the banks and bed may be trimmed for a short dist, so as to present 
a uniform channel-way. The float should be placed in the water a 
little dist above the point for commencing the observation; so that 
it may acquire the full vel of the 
water, before reaching that point. 

Art. 18. To enaRe a stream 
l»y menns of it* velocity. Select 
t place where the cross-section remains, for 
a short distance, tolerably uniform, and free 
from counter-currents, eddies, still water, or 
other irregularities Prepare a careful cross- 
section, as Fig 27 By means of poles, or 
buoys, n. n. divide the stream into sections, a. b. C. Ac Plant two range-poles. 

R It, at the upper end, and two others at the lower end. of the distance through 

whuh the floats are to pass; for observing, by a seconds watch or a pendulum, the time 
which tliey occupy In the passage Then measure the mean velocity of each section 

(l. b. Ci &c , separately, and directly, by means of long floats, as F L, reaching to 

near the bottom: and projecting a little above the surface. The floats may be tin 
tubes, or wooden rods; weighted In either case, at the lower end, until they will float 
nearly vertical. They must be of different lengths, to suit the depths of tlie different sec¬ 
tions. For this purpose the float may be made in pieces, with screw-joints. The area 
of each separate section of the stream in square feet, being multiplied by the observed 
mean velocity of its water in feet per second, will give the discharge of that section 
in cubic feet per second And the discharges of all the separate sections, thus obtained, 
when added together, will give the total discharge of the stream. And this total dis¬ 
charge. divided by the entire area of cross-section of the stream In square feet, giree 
the mean velocity of all the water of the stream, in feet per second. 



Bern. If the channel in in common earth, especially if sandy 

the loss by Boskage into the soil, and by evaporation, will frequently abstract so 
much water that the diach will gradually lecume less and less, the farther down 
stream It is measured. Long canal feeders thus generally deliver into the canal 
but a small proportion of the water that enters their upper ends. 

The doable float is used for ascertaining vels at diff depths. It consists 
of a float resting upon the surface of the water, and of a heavier body, or 44 lower 
float", which is suspended from the upper float by means of a oord. The depth 
Jf the lower float of course depends upon the length of the suspending oord 
twhich may be increased or diminished at pleasure until the lower float is be¬ 
lieved to be at that depth for which the vel is wanted), and upon its straight¬ 
ness, which is more or less affected by the current. Owing to this latter circum¬ 
stance, it is difficult to know whether the lower float is really at the proper 
depth. Moreorer it is uncertain to what extent the two Soats and the String 
interfere with one another's motions. In deep water the string may oppose a 
treater area to the current than the lower float itself does, ft thus becomes 
doubtful to what extent the vel of the upper float can be relied upon aB indicat¬ 
ing that of the water at the depth of the lower one. 

Art. 19. fa.itplli ’1 qnadrant, or hydrometric pendulum, 

consisted of a metallic ball suspended by a thread from the centerofn graduated 
arc. The instrument was placed in the current, with the arc parallel to the 
direction of flow; and the vel was then calculated from the angle formed be¬ 
tween the thread and a vert line. 

Oanthey's pressure pl»te waR a sheet of metal suspended byoneof its 
ends, about, which it was left free to swing. The plate was immersed in the 
stream, with its face at right angles to the current. The vel was estimated by 
means of the weight required to make the plate hang vert in opposition to the 
force of the current. 


Pitot'n tube was originally a simple glass tube, Fig 27 A. open 
at both ends and bent In the shape of the letter L. One leg of the 
L wus held horizontal under water, with its oj>en end facing the 
current; and the velocity r at the point o where it was placed was 

measured by the vertical height h ^theoretically = U) whioh 
the water rose in the other leg above the surface of the stream. 



Fig. 27A 
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As developed by ML Darcy and by Prof. H. W. Robinson,* and 

rudely indicated in Fig. 27 B, Pitot's tube consists essen¬ 
tially of two horizontal glass or metal tubes a and b, of 
very small bore, placed side by side in the current and 
pointed up-stream. Tube a receives the current in its 
opeu up-stream end, while b is elo-ed at its up-stream 
end, and has small lateiaf openings only The other end 
of each tube communicates, bj means of small metal or 
rubber piping, with one legottan inserted 1 -Imped glass 
gauge fixed in a boat or on shine, for convenience, the 
two flexible pipes niav be joined together into one double 
pipe. By sucking through a stop cock f at the top. water 
is drawn up to any convenient neigh? in the two legs of 
the gauge. When meaeuimg tin* flow m pipe- under 
pressure, such suction is unnecessan. and a 1' shaped 
manometer is commonly used, the I Iwing hlld with a 
liquid heaviet than water. When ilierc i- no cm lent, the 
two columns of course stand at tin- eainc level; but, when 
a current is flowing, they stand at diff levels, as m Fig 
27B, and the velocity is given by the equation, r '-cj 2 g h 
where h — the diff of level of the two column-tops, r = the >el of the watei at 
the point where it impinges upon tube a, </ -= acceleration of gravity — 32 2 ft 
(9.81 meters) per sec per sec, and c — an experimental coefficient, found prefer¬ 
ably by rating the apparatus in a current of known vel. When the hor end of 
tube 6 is drawn to a long, smooth, fine point, facing the current, and Us (tan¬ 
gential) Orifices are placed at some dlst down-stream from said point and are 
made small, and their edges carefully amoothd, to avoid disturbance of flow, the 
coeff c approximates very closely to unity, so that, for practical purposes, 
v = \2g ti The instrument is remarkably simple and accurate, and can be 
used in very narrow and shallow streams of water or of gas. It measures velo¬ 
cities as low as 4 inches per second. 

In practice, a and b are fixed together in one piece, and placed, when in use. 
In a metal frame which slides vertically, either upon a wire passing through it 
and provided with a plummet which rests upon the bottom and keeps the wire 
stretched, or (in streams shallower than about 20 feet) upon a vertical wooden 
rod, the lower end of which holds in the l>ed of the stream. In the former case, 
the frame is provided with a long Vane for keeping the instrument headed up¬ 
stream. In either case, means are provided for showing the depth to which the 
instrument is submerged 

By making the gauge scale adjustable vertically, and placing it (m each change 
of depth of Instrument) with its zero opjiosite the top of the lower column, we 
obviate the necessity of observing the height of both columns at each reading; 
for the reading of the upper column alone then gives the bead h at once. 

Art. 20. The wheel meter consists of a wheel which Is turned by the 
current, and which communicates its motion, bv means of its axle and gearing, 
to indioes which record the number of revolutions. The instrument may be 
clamped to any part of a long pole reaching to the bottom of a stream, and thus 
may be used at any depth The observer, by means of a wire, rod or string 
reaching down to the instrument, throws the registering apparatus first into, 
and then out of, gear with the wheel (applying a brake to the former at the 
instant it is thrown out of gear), and carefully noting the times when he does 
so. The instrument is then raised, the number of revolutions in the measured 
time is read off from the indices, and from it the velocity is calculated But the 
meter is often made Meir-reKiatering; the wheel, at each revolution, auto 
matically breaking and re-establishing a galvanic current generated by a bat¬ 
tery. The wire carrying this current is thus made to operate Morse telegraphic 
registering apparatus placed in a boat or on shore 

A number of meters, so arranged, can be attached at different points on the 
same pole at the same time, and thus ttlimiltniicotiN observations of 
velocities at different depths may be made and registered. 

Meters are usually so arranged as to swing freely about the long vertical pole 
to which they are clamped, and are provided each wiib a vane or tail similar to 
that of a windmill, for keeping the wheel in the proper position as regards the 
current. The wheels are generally made like those of a windmill; i. t., with 
blades set at such an angle as to present a sloping surface to the current; and 


•See Van NostrandN Magazine, March, 1878, amt August, 1886. 
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with the axis of the wheel parallel to the direction of flow. The axis runs in 
spate bearings. When desired, the rim of the wheel is furnished with an air- 
chamber which just counterbalances the weight of the wheel, and thus removes 
journal friction due to it. Meters provided with electrical registering apparatus 
sometimes have the gearing and indices, etc., enclosed in a glass case, to prevent 
them from becoming clogged by weeds, sediment, etc. 

X wheel meter in rated by moving it at a known velocity through still 
water, and noting the effect produced. In this way a coefficient is obtained for 
each meter, which, when multiplied by the number of revolutions recorded in 
any given case, gives the velocity for that case. 

Rem. 1. Care mast be taken that the bottom vel is not so 
great an to wear away the soil. If there is any such danger artificial 
menus must be applied lo protect the channel-way; or it may be advisable to 
reduce the rate ot tall, and increase the cross section of the channel; so as to 
secure the same discb, but with less vel. A liberal increase should also be made 
in the diniensiuus of such chaunels, to compensate for obstructions to the flow, 
arising iroiu the growth of aquatic plants, or deposits of mud from rain- 
washes, etc ; or even from very strong wiuds blowing against the current. 


Rkm. 2. H ater running; in a channel with a horizontal bod, 
or bottom, cannot have a uniform vel, or depth, through¬ 
out its course; because the action of gravity due to the inclined plane of a 
sloping bottom, is wanting in this case; and the water can flow only by forming 
its Ai/rf<n* into an inclined plane; which evidently involves a diminution oi 
depth at every successive diBt lrom the reservoir. 


For theory of flow in long pipes and channels, mean velocity, distribu¬ 
tion of velocity in cross section, Chezy formula, friction factor, exponential 
formulas, see pp 527, etc. 

For Kutter’N formula, see pp 523,564, etc. 

llazin'H Formula for Flow In Channels. Annales des Ponts el 

Chausstes, 1897, 4e trimestre, p 40. 


In the Cher.y formula, i» 
v — mean velocity ; 

cross section area 

r = mean radius =--- 

wet peri meter 
friction head 


<J r s where; (see p 528' 


t — slope = 

M. Bazin considers c 


lgth 

independent 


of the slope, and gives: 


For EugiiNli measure, 

87 

0 552 + -~ 

-J r 


For metric measure, 

87 



where y has the following values;— 

Very smooth surfaces, cement, planed wood, etc., y = 0.06 


Smooth surfaces, boards, brick, cut stone, etc., y — 0.16 
Ashlar Masonry, y — 0.46 

Earth, very smooth, or paved with dry stone, y — 0.85 

Earth, in ordinary condition, y =* 1.30 

Earth, very rough, y = 1.75 


“ In measuring the slope of a large river, the ordinary errors of themoatcare* 
ful leveling are a large proportion of the whole fall; the variation of level in the 
cross section of the surface is often as great as the slope for ten miles or more; the 
exact point where the level should he taken is often uncertain: the rise and fall 
of the water makes It extremely difficult to decide when the levels should he taken 
at the upper and lower points; waves of translation may affect the inclination to 
a great and uncertain degree, and may even make the surface slope the reverse 
way." GenL T. G. Ellis, Trans Am Soc Civ Engrs., Aug 1877. 


41 
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Hotter'* Formula. 

See also p 523. For theory of flow in long pipes ami channels, see p 527. 
Gangnillet and Kutter sought to establish a formula for the value of c in the 
Cbeey formula; 

v c Jrlt; 


where v — mean velocity ; 


. friction head 

t — Slope =-;-;-. 

• length 


r — mean radius =--—-— 

wet perimeter 


The earlier hydraulicians gave (each according to the results of his Investiga¬ 
tions) fixed values for the coeff c, (generally about 95 to 100 for channels 
in earth or gravel, as in our eatly editions), making it, in other words, a con- 
giant, aud independent of the shape, size, slope and roughness of the channel. 
But more recent investigators have shown that the coefficient c is affected by 
differences in any of these particulars 

According to the formula of tianguillet and Rutter (generally called, tor con¬ 
venience, “Kutter's formula***} the value of c is: 


For Eng:linh measure. For metric measure. 


4L.+ «**+“«- 

slope n 

i/inean rad in feet 


-+S-+* 

,, (« + g> 

l/mean radTn metres 


Tables giving value* of c for diff grades, mean radii and degrees of 
ioughness, and for English and metric measures, are given on pp 666, etc. 

« Here n is a ** coefficient of roujghneHH” of sides of channel as given 
below. These values of n weie obtained from experience, by averaging a large 
number of experiments made under very different circumMuncos. They l here* 
fore embrace ail the disturbing effects arising from obstrueiions existing upon 
the bottom and sides of the channel in the cases experimented upon. In small 
artificial channels of uniform cross section and slope, these obstructions may be 
said to consist entirely of the comparatively minute roughnesses of the material 
of which the bed of the channel consists. But in rivers and earth canals, even 
where the general direction, slope and cross section are tolerably uniform, (a-* 
they were in the cases upon which our list is based), there arc* still matiy con¬ 
siderable irregularities in the sides and bottom; atid these exert a ranch greater 
retarding effect upon the mean vel than the mere roughness of the material of 
the banks. We therefore find larger values given lor n in such cases than for 
small regular artificial channels, although the material of the sides etc was in 
many cases smooth mud; and we must, not apply to such comparatively irregu¬ 
lar channels the small values of n obtained by experiments with small and care¬ 
fully made straight flumes of uniform section and slope, even if we suppose the 
bottom and sides of the former to be made as smooth as those of the latter. 

No general formula is applicable to cases of derided bend* in the course 
of a natural stream, or of marked irregularities in the croflfl flec¬ 
tion. Such cases would require still higher coefficients«than those here given 
for rivers and canals-, but they would have to be ascertained by experiment for 
each case, and would be useless for other cases. For Ruch streams we must there¬ 
fore depend upon actual measurements of the velocity,either direct or by means 
of the disefa. 

*8ee "Flow of Water,” translated from (ianguillet and Kutter, by Rudolph 
Hering and John C. Trautwine, Jr., New York, John Wiley & Sons, 1889. $4.06. 
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There is much room for the exercise of judgment in the selection or the 
proper coefficient n for any given case, even where the condition of the 
channel is well known. It may frequently be necessary to use values of » inter¬ 
mediate between those given • for careless brickwork may be rougher than well 
finished rubble; side slopes in “very firm giavel " may have very diff degrees 
of roughness; etc etc. The engineer should make lists of values of n from his 
own experience, fully noting the peculiarities of each case, and calculating n 
from the tables. 

A given dilf in the deg n of roughness exerts a much greater effect upon the 
coefficient c, and thus upon the velocity, in small channels than in larger ones. 
It is therefore especially necessary in small channels that care he exercised in 
finding (by experiment if necessary) the proper value of n; and, where a large 
disch is desired, the sides of small chaunels should be made particularly smooth 

Table of n, or coefficient of roughness. 

In any given case the value of n is the same whether the mean 
radius is given in English, metric or any other measure. 


Artificial channels of uniform cross section. 

Sides and bottom of channel lined with , n =* 

well planed timber....009 

neat cement (applies also to glazed pipes and very smooth iron pipes). .010 
piaster of 1 measure of sand to Hof cement; (or smooth iron pipes). .011 

unplaned timber (applies also to ordinary irou pipes)-.012 

ashlar or brickwork.-......013 

rubble.-.-.017 

Channels subject to irregularity of cross section. 

Canals in very firm gravel.020 

Caualsand rivers of tolerably uniform cross section, slope and dueetion. 
in moderately good order and regimen, and free from stones and 

weeds. 025 

having stones and weeds occasionally.030 

iu bad order and regimen, overgrown with vegetation, and strewn 
with stones and detritus..-. 035 

Art. 22. The following tables give values of the eoefficient 

C aB obtained by Rutter's formula for diff slopes ;h) mean radii (R) and degrees 
ol roughness (n).* 

Caution. Different values of e must be used with English and with metric 
n.ensures. We give tables for both measures. 

1st. Having the slope S, the mean rad R and the deg n of roughness; to 
find the ooetr c. Turn to the division of the table corresponding to the 
given slope S. In the first column find the given mean rad, R. In the same 
line with this It, and under the given », is the proper value of c.* 

2d. Having the slopeS, the mean rad Rand either cor the actual or reqd 
vel v; to find the actual, or the greatest permisNtble,deg n of 
roughness of channel. If the vel is given, and not c, first find 

e — ---. Turn to the division of the table corresponding to 

l/skipc X mean radius 

the given 8, and in the first col find the given R. In the same line find the 
value given, or just obtained, for c; over which will be found the reqd n.* 

3d. Having the slope S, the deg n of roughness, and the actual or required 
vel v; to find the actual or necewtary mean rad, R. Assume a 
mean rad; aud from the division of the table e<>i responding to the given 8 take 
out the value-of c corresponding to the given « and the assumed R. Then say 

r' r so found X | 7 assumed mean radius X slope 

* It is often necessary to interpolate values of S, R, » and c intermediate of 
ihose in the tables; this may be done mentally by simple proportion. 
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If this v' is the same as the given vel, or Dear enough to it, take the assumed B 
as the proper one. Otherwise, repeat the whole piocess, assuming a new R, 
greater than the former one if v is less than the given vel, and vice versa * 

4th. Having the dimensions of the wetted portion (afteoFig C, p 528,1 of 
the channel, the deg n of roughness, and the actual or reqd vel; to find the 
actual or necessary slope, S: 


Find the mean rad, R = 


area of wet cross section 
length, abco, of wet perimeter 


Assume one of the slopes of the tables to he the proper one. From the 
corresponding division of the table take oui the value/if c corresponding to the 
given R and ». 

If R is 3.28 feet, or 1 metre, the value of c thus found is the proper one (lie- 
cause then c, for any given n, remains the same for all slopes); and the slope, ^ 
may be found at once, thus: 


Slope, 3 = l gWonveluclty_\ 2 
\c X l/tuetm radius/ 


But if R is greater or less than 3.28 feet, or 1 metre, say 


xf — c thus found X l/meau radiiis X assumed slope 

if this v* is near enough to the given vel. take the assumed S as the proper one. 
Otherwise, assume a new S, greater than t he former one if vf is less than the given 
vel, and vice versa; and repeat the whole process.* 


• It 1* often Dwwury to interpolate value* of S, R, m and e intermediate of tboee in the tablet. 
This may be done mentally by simple proportion. 


Tables of coefficient c, 

for mean radii m feet, and for mean radii in meters. 

Tabic Is for mean radii in FEET. 

(For table with mean radii in meins, see pp 509, 570.) 
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fable 1, of CMfllelent c, for mean radii in FEET.— Coxcl’d. 



For slopes steeper than .01 per unit of length. =■ 1 in 100 =» 52.8 feet 
per mile, c remains practically the same as at that slope. But the vtlocil§ 
(being -> e X radius X Wop«) of course continues to increase aa the 

M»pe becomes steeper. 

Table above is tor menu m«hi in F E ET. 

For mean radii ui METERS, see table, |»jt 5HW-07O. 
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Table 2, of coefl* o. for mean radii in METEHS.-CnNa'D, 


f 

Iff can 
rad R 




Coefficients n of roughness. 




Mean 

ratlR 

© 

meters 

.009 

.010 

.011 

.012 

.013 

.015 

.017 

.020 

025 

.030 

i 

.040 

untieB 

0 



c 


c 

C 

C 

c 

e 

C 

c 

c 

C 


fi 

.025 

65 

47 

41 

87 

88 

27 

22 

17 

18 

10 

8 

7 

.025 

u 

.050 

66 

58 

51 

45 

40 

33 

28 

23 

17 

18 

11 

9 

.050 

.1 

78 

68 

61 

55 

50 

42 

85 

28 

21 

17 

14 

12 

.1 

is' 

.2 

90 

80 

70 

64 

59 

49 

42 

35 

27 

22 

18 

15 

.2 

■,.2 

.8 

95 

85 

70 

70 

63 

54 

47 

89 

8ft 

24 

21 

17 

.3 

©~ 

.4 

99 

89 

80 

73 

67 

57 

r«o 

42 

32 

27 

22 

20 

.4 

§ s 

.6 

105 

94 

85 

78 

72 

62 

54 

45 

36 

30 

25 

22 

.0 



111 

100 

90 

83 

77 

67 

59 

50 

40 

83 

28 

25 

1 

1 

2 

117 

106 

97 

89 

83 

78 

65 

56 

45 

88 

34 

30 

2 

2 

4 

123 

111 

102 

95 

88 

78 

70 

61 

50 

43 

38 

34 

4 

ft 

6 

125 

114 

105 

97 

91 

81 

72 

63 

58 

46 

40 

36 

6 


10 

128 

117 

108 

100 

93 

83 

75 

66 

55 

48 

43 

89 

10 

« 

30 

132 

121 

112 

104 

98 

87 

79 

70 

60 

52 

48 

43 

30 


.025 

57 

50 

43 

38 

84 

28 

23 

18 

13 

11 

9 

7 

.025 

a ^ 

.050 

69 

59 

52 

47 

42 

84 

29 

23 

17 

13 

11 

9 

.050 


.1 

80 

70 

63 

56 

50 

42 

86 

80 

22 

17 

14 

12 

.1 


J2 

90 

80 

72 

65 

60 

50 

48 

85 

27 

22 

18 

16 

.2 

A 

96 

86 

77 

70 

64 

64 

47 

89 

80 

25 

21 

18 

.3 


A 

100 

89 

81 

74 

67 

58 

50 

42 

88 

27 

23 

19 

.4 

© 11 . 

.0 

104 

94 

85 

78 

72 

62 

54 

46 

86 

30 

26 

22 

.6 

•.jf 

1 

111 

100 

90 

83 

77 

67 

69 

50 

40 

83 

28 

25 

1 

2 


2 

116 

106 

97 

90 

83 

72 

64 

55 

45 

38 

33 

29 

i_S 

4 

121 

111 

102 

94 

87 

77 

69 

60 

50 

42 

37 

83 

4 


6 

124 

118 

104 

97 

90 

80 

71 

62 

52 

45 

40 

36 

6 

0^ 

10 

127 

115 

106 

99 

92 

82 

78 

64 

54 

47 

42 

88 

10 


30 

ISO 

116 

110 

102 

96 

86 

77 

68 

58 

61 

46 

42 

30 


.025 

59 

50 

44 

89 

85 

28 

24 

19 

!4 

10 

9 

7 

.025 


.05 

69 

60 

53 

48 

43 

35 

29 

24 

18 

14 

11 

9 

.05 

58 

J 

81 

71 

63 

57 

51 

43 

86 

80 

22 

18 

15 

12 

.1 


.2 

91 

81 

72 

65 

60 

50 

44 

86 

27 

22 

18 

16 

.2 

S.2 

.3 

97 

86 

77 

71 

65 

55 

48 

40 

81 

25 

21 

18 

.3 


A 

101 

90 

81 

74 

68 

58 

50 

42 

83 

27 

23 

20 

.4 

© I! 

A 

106 

95 

86 

78 

72 

62 

54 

46 

36 

80 

25 

22 

.6 

• i 

1. 

111 

100 

90 

83 

77 

67 

59 

60 

40 

83 

28 

25 

1. 

1.5 

116 

104 

94 

87 

80 

70 

62 

53 

43 

36 

31 

27 

1.5 


2 

117 

105 

96 

89 

83 

72 

64 

55 

45 

88 

33 

29 

2 


4 

121 

110 

101 

93 

87 

76 

68 

59 

49 

42 

37 

33 

4 


10 

126 

114 

105 

98 

91 

81 

78 

64 

58 

46 

41 

37 

10 

c 

80 

129 

118 

108 

101 

95 

84 

77 

67 

57 

50 

45 

41 

30 


For slopes steeper than .01 per unit of length. = 1 in 100, the «©■ 
efficient c remains practically the same aa at that slope. The velocity , however, 
being = cX I/® 6 * 0 r*<M U8 X slope, continues to increase as the slope become* 
steeper. 

To construct a diagram, fig 30 A. from which the values given 
by Kutter’s formula may be taken by inspection. 

Draw xx hor, and say from 2 to 4 ft long; and oy vert at. any point o within 
say the middle third of xz. On oy lay off, as shown on the left, the values of e 
for which the diagram will probably be used. If a wale of .05 Inch, or .082 
metre per unit of c be used, and be made to include c ■» 250 for English meas¬ 
ure, or 150 for metric measure, oy will be about 1 ft long. For the sake of 
alearness we Bhow only the larger divisions in this and in what follows. 

On ox lay off. as shown on Us upper side, the square roots of all the values of 
the moan rad R for which the diagram is to lie used. One inch per ft, or .08 
metre per metre, of sq rt, is a convenient scale. Mark the dividing points with 
the respective values of the mean radii themselves 

Having decided upon the flattest slope to be embraced in the diagram, say 

_ .0028 _ 

w ~ 41.6 + fluent, slope per unit of length 


for English measure. 
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y — tr—- (English) or y—to — (metric). 

6 tt 


To each value of y —to, add to, thus obtaining values of y. We 
take .000025 per unit of length as the flattest slope, and .01, .02, .03 
and .04 for n. Hence (using English measure) 

« = «- 6 + »= 41 - 8 + 112 = 153 ' 6 ' 
v 00.5. 60.4, 45.3 r«pectiv*l T , 
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auii y =* 181.1 + 153.6, 90.5 + 153.6, KU.4 + 153.6 and 45.3 + 153.6, 

or 334.7,244.1,214.0 and 198.9 respectively. Lay otl‘ these values of yon oy in 
pencil, as at y, y', y", and y"\ using the scale alieady laid oil lor c on oy. 

Fiom each point, y, y' etc, draw a hor pencil line yt. y't' etc, and mark on it, 
in pencil, the value of n used in determining its height oy etc. 

Next say z “= w X greatest value of n Mate ox=*i hy the scale of sq rts of It 
on o z. 1 n our case o x ■= 153.6 X -04 — 6.144 by the scale of sq rh ol It, or - - b.l 14 2 
«= 37.75 l>y the scale of R. 

Divide ox into as many equal spaces (4 hi our case) as .01 is contained in 
greatest «. Mark the dividing points with the values of n, as in our Fig. 

From each dividing mark on ox erect a perpendicular, (//"' etc) in pencil, 1o 
cut that hor line {y'"t'" etc) which corresponds to the same value ol w The 
intersections are points in a hyperbola. Join them by straight lines t’"t", t" t', 
ft etc. 

* From r in oz (corresponding to a mean rad of 3.28 ft, or 1 metre) draw radial 
lines, rt, rt', rt" etc. Mark them “«*= .01”, “ n =■= .02” etc, the same as their 
corresponding lines yt, y't' etc. 

For each slope (S) to be used in the diagram (except the flattest, for wmch 
this has alieady been doue) say 

. x\ x" etc = ^41.6 + — X greatest n, for English measure. 

x\ x" etc = ^23 + j X greatest n, for metric measure, 
thus, our slopes are — .000025, .00003, .0001 and .01 per unit of length. Hence, 


( 4U +:S) *- l4 = 3901 , ( 41 




-(jl.6 + - “ ) X-M - '.S’S. 


Lay off each value of t', x" etc from oy on a separate hor pencil line o'x' etc, 
using the scale of sq rts of R as on oz. 

Mark each line o'x' etc in pencil with the slope used in fixing its length. 

Divide each dist oV etc into the same number of equal parts as ox. From 
the dividing pomts(which,like those of oi,represem t he \ aloes nt /<) erect perpt 
to cut the rmltal hues rf', rt" etc, each perp cutting that radial line which cor¬ 
responds to the value of n represented by Hie point at the foot of the perp The 
intersections corresponding to each line o'x' etc form a hyperbolic curve Mai k 
each curve with the slope of its corresponding line, ox, o' s' etc. 

The drawing is nowin the shape proposed by Mess (iangmllet and Kuttcr. and 
is ready for use in finding either c, «, R or H when the other three are given. 
Thus: 

1st. Having R, S and n, to And <*, For example Ft U 20 ft, S - 00005, 
n —■ .03. From the intersection d of slope curve .00005 and ladial line v 03, 
draw* d-20 to the point (20) in oz cor responding to the given R. At e, where 
d-20 cuts oy, is the reqd c, — 96 in this case. 

2d. Having R, S and c, to find n. For example let R — 20 ft, S — 00005, 
c = 96. Through the points R = 20 hi oz, ami c - 96 in oy, dtaw * d-20 to cut 
curve .00005. n (= .03) is found hy means of the radial lilies nearest to the in¬ 
tersection, d. 

3d. Having 8, n and c, to find R. For example let S — .00005, n = .03, 
c = 96. Find curve .00005 and radial line n — .03. From their intersection d 
draw d-20 through the point cshowing c =* 96. Us intersection with oz shows 
the reqd R, 20 in this case. 


* In Head of drawmg theee linos, we mar use a fine black thread with a loop at one end. Drite a 
eeedle either Into one of the points R or Into one of the Intersections ,l cio. Klip the loop over the 
needle. The other end of the thread i« held between the fingers »nd the thread is made to cut the 
ether point* as reqd. The diagram should lie perfectly flat, and the string he drawn tight at each Ob¬ 
servation, in order that frlotion between string and paper ranv Dot prevent the string from forming a 
straight line. Or the free epd of the string may rest on a pamphlet or other object about M inch thick, 
to keep the string altar of the diagram. Special oare must then be taken to havu the eye perp over 
the point observed. 
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4th. Having R, c and n, to find 8. For example let R — 20 ft, c — 96, 
n — .03. Through R — 20 and c — % draw d-20. S (.00005) is found by means 
of the carves nearest to the point d of intersection of d-20 with radial line 
n — .08. 

, The following addition to Kutter’s diagram, proposed by Mr Rudolph Heriug, 
Civil and Sanitary Engineer, New York,* enables as to read 4he velocity 
from the diagram. 

Find th e sq r i o f the r eciprocal of each slope to be embraced in the diagram 

\ ---t -r —■—r. Lay off these sq rts on the right of oy. using 

\ slope per unit of length ° 

the scale of c already laid off on its left In our fig we have so proportioned the 

two Beales that —— — —1~. Mark the aividing points with the slopet 
j/recipofS 1 
per unit of length. 

On oz lay off the vels to be embraced in the diagram, using the scale of sq rts 

of R already la d off on oz, and making =* -- 

V R j/reeip ofS 

lot. Having R, S and n ; to find v. For example let R -= 20 ft, S .00005. 
n *= .03. From R = 20 draw d-20 to the intersection d of curve .00005 with radial 
line n =» .03. d-20 cuts oy at e, where c 96. With a parallel ruler join R 
— 20 with 8 =■ .00005 on oy. Draw a parallel line through c -* 96. It cuts oz at 
m, giving the reqd vel, 3.03 ft per sec. 

2d. Having R, 8 and v; to find n. For example let. R = 20 ft, 8 =* .00005, 
v — 3.03 ft per sec. With a paiallel ruler join R = 20 and slope .00005 on oy. 
Draw a parallel line thiougli r — 3.03. It cuts oy at e, wherec -= %. Through 
K = 20 and c =■■ 96,draw d-20 to cut curve .00005. The point dof intersection, 
being on radial line n *= .0J1, shows .03 to be the propei value ot n. 

Any line drawn to the curves from R = 3.28 ft or 1 metre, is one of the radial 
lines used in making the diagiam. It therefore necessarily cuts all the slope 
curves at points showing the same value of n. 

3d. Having 8, » and r; to find R. For example, let S — .00005, n — .03, 
e 3.03 ft per sec. Assume a value of R, say 10 ft. Find curve .00005 and radial 
line n = .03. Join their intersection d with R “ 10 ft. The connecting line cuts 
oy at c = 82. With a parallel ruler join c = 82 with t' = 3.03. Draw a parallel 
line through slope■= .00005 on oy. It cuts oz at R — 27.3, showing that a uew 
trial is necessarj, and with an assumed R greater than 10 It. 

If R thus found is the same a-* the assumed one, the latter is correct. If they 
are nearly equal, their mean may be taken. 

4tb. Having R, n and v ; to find 8. For example, let R == 20 ft, n *- .03, 
v — 3.03 ft per sec. Assume a slope (sav .0001). Find its curve, and radial line 
n .03. Join their intersection with R =* 20, and note the value (89) of c where 
the connecting line cutsoy. With a parallel ruler join c= 89 with r-=3.08. 
Draw a parallel line through R — 20. It cuts oy at slope .000058, showing that 
a new trial is necessary, and with an assumed £ flatter than .0001. If R is 3.28 
ft, or 1 metre, the diagram gives the corrects at the first, trial, no matter what 
8 was assumed at starting. With any other R, if the diagram gives the same S 
ns that assumed, the latter iB correct. If the two differ but slightly, we may take 
their mean. 


* Transaction* of the American Society of Ci\U Engineers, January 18711. 
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VELOCITIES IN SEWERS. 


Table of vels In Circular Brirfc Sewers when runninr full, bj 
Rutter’s formula, but taking n at .015 instead of bis .013, in consideration 
of the rough character of sewer brickwork generally. 

When running only h»lf fnll the vel will he the same as when full 
but this is not the case at any other depth whether greater or less. At groatei 
ones it increases until the depth equals very neatly .9 of the diatn, when it ii 
about 10 per cent greater than when either full oi half lull From depth ol .9 of 
the. diam the vel decreases whether (he depth becomes greater or Icsn At depth 
ot .25 diam the vel is almut .78 of that when full; and then diminishes much 
more rapidly for less depths. AH this applies also to pipes. 

The vel for any tall or diam interrmsliate of those in the table can be found hj 
simple proportion. * Original 


Fall 

m tt 
per 
mile. 

2 

3 

4 

[Mamcters In feet. 

6 8 12 

16 

20 

Fall 

1U ft 
per 
100 tt. 




Velocities in feet per second. 




.1 

.19 

.27 

.35 

.50 

, .64 

.89 

1 10 

1.34 

.OOlfe 

.2 

.30 

.42 

■53 

.74 

1 .93 

1.26 

1.56 

1.84 

0038 

.4 

.46 

.65 

. 80 

1.08 

I 1.39 

1 81 

2 20 

2.60 

.0076 

.6 

.59 

.SI 

1 00 

1.35 

1.70 

2 22 

2 70 

3.18 

.0114 

.8 

.69 

.95 

1.17 

1.57 

• 1.94 

2.56 

3.08 

3.60 

.0151 

1.0 

.79 

107 

1 32 

3.77 

2.16 

284 

3 43 

3.96 

.0189 

1.25 

.89 

121 

1.49 

1.98 

2.42 

3.17 

3.8 

4.5 

.0237 

1.50 

.98 

1 33 

1.64 

2.18 

2 64 

3 5 

4.2 

4.9 

.0284 

1.75 

1.06 

1 41 

1.78 

2.34 

2.85 

3.8 

4.5 

5.3 

.0331 

2.0 

1 15 

1.55 

191 

2.53 

3.1 

40 

4.8 

5.6 

.0379 

2.5 

1.32 

1.78 

2.18 

2.85 

3 5 

4 5 

5 4 

6 3 

.0473 

30 

1 44 

1.94 

2 38 

3.2 

3 8 

5 0 

60 

6 9 

0568 

3.5 

1.58 

2.10 

2.58 

3.4 

41 

: 5 3 

6.5 

74 

.0662 

4. 

1.68 

'»•> 

2.7 

3.6 

44 

• 5 7 

6 9 

7.9 

.0758 

5. 

1.90 

2.5 

31 

4.1 

' 4.9 

! 6.3 

7 6 

8.7 

.0947 

6. 

2.06 

2.7 

3.3 

4.4 

54 

i 6 9 

8 3 

9.6 

.1136 

7. 

2.2 

3.0 

3.6 

4.8 

5 8 


9 0 

10.4 

.1325 

8. 

2.4 

3.2 

38 

5.1 

6 2 

! 80 

9 7 

11.1 

.1514 

9. 

2.5 

3.4 

4.1 

5 4 

; 6.6 

1 8.5 

10 3 

11.8 

.1703 

10. 

2.7 

3.5 

4.3 

5.7 

; 6.9 

; 9 0 

10.8 

12.5 

J894 

12. 

2.9 

3.9 

4.8 

6.3 

7.6 

; 9.9 

11.9 

13.6 

.2273 

15. 

3.3 

4.4 

5.4 

7.1 

8.5 

| 11.0 

13.3 

15.3 

.2841 

18. 

3.6 

4.8 

5.9 

7.7 

9.3 

! 12 1 

14.5 

16 7 

.3409 

21. 

3.9 

5.1 

6.3 

8.4 

10.0 

i 13 0 

15.7 

17.9 

.3975 

24. 

4.2 

5.5 

6.8 

8.9 

10.8 

13.9 

168 

19.2 

.4546 

27. 

4.5 

5.9 

7.2 

9.5 

114 

1 14.8 

17.9 

20.4 

.5109 

30. 

47 

6.2 

7.5 

9 9 

12.0 

15 6 

18 8 

21.5 

.5682 

35. 

5.0 

6.7 

8.2 

10 8 

j 13 0 

, 16.8 

20 4 

23.2 

.6629 

40. 

5.4 

7.1 

8.7 

11.5 

1 13 9 

i 18.0 

21.7 

24.8 

.7576 

45. 

5.6 

7.5 

9.2 

12.2 

; 14.8 

. 19 1 

23.0 

26.3 

.8523 

50. 

5.9 

8.0 

9.7 

12.8 

; 15.5 

20.1 

24.2 

27.7 

.9470 

60. 

6.5 

8.7 

10.7 

14.1 

I 17 0 

22 1 

26.5 

30.3 

1.136 

70. 

7.0 

9.4 

11.5 

15.2 

184 

i 23 9 

28.5 

32.8 

1.326 

80. 

7.4 

101 

12.3 

16.2 

I 19.7 * 

25.5 

31.0 

35.0 

1.515 

90. 

7.9 

10.7 

13.1 

17.2 

20 9 

27.0 

32.3 

37.1 

1.705 

100. 

8.4 

11.3 

13.8 

18 2 

I 22.0 

1 

1 28.5 

34.1 

39.1 

1.894 


A vel of 10 ft per sec = 600 ft per minute ■--- 36000 ft, or 6 818 miles per 
hour. About 5 ft i>er sec is as great as ean lie adopted in practice to prevent the 
lower parts of the sewers from wearing, away too rapidly by the debris carried 
along by the water. 
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Art. 23. The rate at which rain water reaches a sewer or 

culvert, etc. Burklt-Ziegier Formula. See “European Sewerage 
Systems,” by Rudolph liering, C. E., iu Trans. Am. Soe. C. E., Isov. 1881. 


Cub. ft. per 
second per 
acre, reach¬ 
ing sewer 


A coef Av. cub. ft. of raiufall 4 I Ay. slope of grouul 
according X per second j»er acre, X\/ m _® eet _£5E_^000_ft. 
to judgment during heaviest fall. \ No. of acres drained 


Coefficient, for paved streets, 0.75; for ordinary cases, 0.625; for suburb! 
with gardens, lawns, and macadamized streets, 0.31. 

Note that 1 inch of rainfall per hour may be taken as equivalent to 1 cubic fool 
per second per acre. See Conversion Tables, pp. 235, etc. 

Example. I f an area of 3100 acres (nearly 5 square miles), with an averagi 
slope of 5 feet pei 1000 feet, receives a maximum rainfall of 3 inches per hour, 
then, assuming a coefficient of 0.5, the rule at which the water would reach th< 
mouth of a sewer at the lower end of the 3100 acres would be 


0 5 X 3 X 




_5 

3 10 0 


0 5 X 3 X 0 2004 «= 0.3006 cubic ft per second per acre; 


or 0 3006 X 3100 = 931.9 cubic feet per second, total. 

Iiet the grade ot the intended sewer be say 4 feet per mile; and, to avoid 
excessive wear of its brickwork by debris swept along by the water, let ill 
velocity be limited to 6.3 feet per second, which may be permitted on oecasioni 
as rare as rains of 3 inches per hour, although, for tolerably constant flow, when 
liable to debi is, it should not exceed alnnit 5 feet per second. 

Find, in table opposite, the diameter, 14 ft., conesponding, as nearly as raaj 
be, to a velocity of 6 3, and to a grade of 4 feet per mile. The area is 1ft 
square feel. Hence, 154 X 6.3 ~= 970 cubic feet per second = capacity of sewer, 
To allow for deposits in the sewer, make the diameter say 14.5 or 15 leet. 

Table of least velocities and grades for drain-pipes and 
•ewer* in cities, in order that they may under ordinary circumstances keej 
themselves clean, or free from deposits. (Wicksteed.) 



Vel. In ft 


Grade. 

Dtam. 

Vel. In ft 

Grade, 

Grade. 

Feet per 

In Inches 

per Mm. 

1 Id 

Mile. 

in luchea. 

per Min 

1 la 

Mile. 

4 

-240 

36 

146 7 

18 

ISO 

294 

18 0 

6 

220 

65 

81 2 

21 

180 

34.4 

15.4 

7 

220 

76 

69 5 

24 

ISO 

392 

13.5 

8 

220 

87 

60 7 

30 

iso 

490 

10.8 

» 

220 

98 

53 9 

36 

ISO 

588 

9.0 

10 

210 

119 

44.4 

42 

180 

686 

7.7 

11 

200 

145 

36.7 

48 

180 

784 

6.8 

12 

ISO 

175 

30 1 

54 

180 

882 

6.0 

15 

180 

244 

21 6 

60 

180 

9«0 

5.4 


Weight per foot run of (flaxed terra eotta pipes for drains, etc 
prices per foot run adopted by the United Sewer Ripe Makers of the Unite 
States, March, 1887. For discounts, see Pi ice List. 


Drain pipe, with socket joint 


Bore 

Wt 

l’rice 

Bore 

wt 

Price 

ins 

lbs 

8 

ins 

lbs 

8 

2 

4 

0 14 

6 

18 

0.80 

3 

7 

0 16 

8 

22 

0 45 

4 

10 

0 20 

10 

30 

0 65 

5 

12 

0.25 

12 

33 

0 85 


Sewer pipe, with sleeve joint 


Boie 1 

_WtJ 

Price 

Bore 

Wt ! 

Pric 

ins j 

lbs 

$ 

ins 

lbs 1 

S 

15 

; 45 

1.25 

30 

150 

5.6 

18 

i 65 ! 

1.70 

36 

1 195 i 

7.C 

i 21 1 

89 

2.50 

42 

203 

i 8.f 

1 24 

I 100 

1 3 25 

48 

1 230 

1 10.{ 


The joints are filled with cement mortar; or, when used for drainage on]; 
with clay. Drain pipes (3 to 12 inshore) are about J inch thick. A bend < 
branch costs about as much as from 3 to 5 feet of pips. 'The 48-mch pipes ai 
about 2 ins thick. 


Art. 24. When the area of cross section of eliannel is n 
duced at anymiint, as by u dam (Fig83, p. 576) or by narrowing it, eithi 
at its sides (Fig 32) or by placing in it a pier etc. Fig 34; a portion at least < 
the force of grav (whioh would otherwise lie giving vel to the water up-atrea 
from the point where the obstruction fakes place), causes pressure against tl 
dam etc. This pre« maintains the up-stream water at a higher level than 
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would otherwise have. Said water is then practically In a reservoir; i e, it has 
less vel and greater pres than before. If the reservoir has no outlet, there is no 
vel; and all of the head, or force of grav, acting on the water is expended in pres, 

But if there is an outlet, as over the dam, or between the piers etc, a jwrtion 
co, Figs 31, 33, 34. of this pres or head, ki expended in giving vel (or an accelera¬ 
tion of vel) to tne water escaping by that outlet; after which only so much 
head (in the shape of surface slope) is needed as will overcome the resistances 
of the channel aown-stream from the obstruction, and so maintain uniform the 
vel giveu to the water by the head co. 

Where a large canal, such as those intended for navigation, is fed from a reser¬ 
voir, the fall co iu feet is approximately 

*=> mean velocity* in canal, in feet per second, X .017; 
ind in smaller canals, such as mill courses, 

=* mean velocity* in canal, iu feet per secoud, X *02. 

The abruptness of the fall may be diminished by rounding off or sloping the 
idges of the piers, or the corners at the sides of the channel (Fig 32) or the 
ipproach to tne datn 

Fig 33 is a cross section of Clejrg’M dam, across Cape Fear River, N. C. It 
s from measurements made by Ellwood Morris, C E; by whom they were com- 
uunicated to the writer. The dam is of wooden cribwork ; and its level crest, 
l ft 5 ins wide, is covered with plank ; along which the water glides in a smooth 
beet, 6 ins deep, (at the time of measurement). At the upper end of this 
heet, and in a diet of about 2 ft, a head co of 9 ins forms itself, as in the fig. 
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HOISTING, CONVEYING 
AND EXCAVATING MACHINERY 

We here treat of the handling or transferring of objects or 
materials from place to place, as well as of excavation where 
that Is involvd. (For Dredging, see p 581.) We endevor to 
outline the varius devices available that are of considerable 
use to the C E, together with their characteristics and general 
utility, without troubling too much about mechanical details. 


0.1. Classification 

We present first, in sections 1.0, 1.1, etc, the details of cranes 
and derricks and excavators in general, because to describe 
machines of all possible or even of all usual existing combina¬ 
tions would require many times the space here used. These 
details may be classified ajid are treated as follows:— 

1.1, the grabbing, holding or digging device; such as the 
hook, sling, magnet, skip, scoop, bucket, scraper, skimmer, 
clam-shell, orange-peel, shovel, etc, 

1.2, the means for connecting the source -of power to the 
load; such as rope (hemp or wire); 

1.3, the mast and the boom, jib, etc, for making possible the 
moving of the load closer to or farther from the pivot; 

1.4, the means for rotating the load; such as a pivoted mast 
or post, bull-wheel, circular gear, etc; 

1.5, the means, if any, for moving the machine over the 
ground; such as skids, rollers, wheels, caterpillars, etc; 

1.6, the hoist, (gearing, drums, etc); and the power itself, 
such as animal, steam, gas, gasoline, oil, Diesel, comprest 
air, electric motor, or combinations of them. 


0.2. Capacities and Utilities 

of some of the machines as a whole, are given under 1.1 (to 
■1.19 mcl); giving further descriptions of details, as cable, 
booms, power and movement over ground, in secs 1.2 to 1.6 


0.3. Convertible Machines 

In which different grabbing, holding or digging devices may 
be applied, are generally available, and in addition, machines 
may be made up of almost any combination of details from 
1.1 to 1.6 inclusiv. 


0.4. Other Complete Machines 

such as elevating devices, cableways, conveyors, trenchers, 
back-fillerB, etc, are treated in secs 2 to 9 inclusiv. 


1.0. DETAILS 

1.1. HOOKS, SLINGS, GRAPPLES, BUCKETS, SHOVELS, etc 

Hooks, tho essentially very simple, should be scientifically 
designd, and should be made of material, such as soft steel 
forgings, that will yield before cracking, thus increasing the 
chance of detecting complete failure before it occurs. They 
may have many special forms for special purposes. Some 
hooks are provided with safety shackles or catches to prevent 
the load from slipping off; some with catches that may be re¬ 
least for dropping the load suddenly, as in operating “skull- 
crackers” for breaking concrete or castings. Hooks are often 
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made double, reducing eccentricity of loading and affording 
more room for chains or slings. Two hooks may be trained 
with a pivot, like ice-tongs, or the two (or more) hooks may- 
hang loosely from rods or chains, so that when separated the 
width or length of the load and attacht to it, they exert a hor 
component tending to prevent slipping. Hooks or chains may 
be attacht in varius ways to platforms or Nkip*. on which the 
load (earth, rock, merchandize, packages, etc) mav be placed. 
See also 1.18, scrapers. Hooks are depended upon for most or 
the work on building erection. 

Slings are much used for hoisting. These are merely chains 
or rope with or without hooks or eyes, sockets or rings. The 
sling may consist of an endless loop of wire 
rope only wrapt around the object to be hoisted, 
tho more usually the ropes are fastend around 
eyes, Fig 1, one large enough to pass the other 
thru, or at one end they may be attacht to a 
hook. Bridle slings consist of a length of rope 
with a hook at each end and the middle past 
iround a socket. When hoisting metal beams, 

?tc, thin pieces of wood must be placed between 
the beam and the rope or hook. The wood 
crushes and increases the friction, reducing the 
danger of slipping. The two lengths should 
form an equilateral triangle with the beam or 
jther object held hor’y. Caution: increasing 
the spread materially greatly increases the 
3tress and danger of breaking. Several bridge 
companies have largely used chains of */£" to 
%" with rings at each end. 

The first two items treated under 1.1 (hooks 
arid lifting magnets) are not limited in their 
use to cranes or derricks, being often of use in 
ather types of apparatus. 

l.lit. Lifting Magnets Fig. 1 

Electro-magnets have a number of advantages 
where direct current electricity is available, and where iron 
or steel are to be handled, especially scrap, or where manv 
3mall or irregular pieces are to be handled. Iron or steel 
may be pickt up, and lowerd or releast, or dropt, all with 
fewer if any extra men for attaching and detaching Mag¬ 
nets can handle and drop skull-crackers efficiently. They 
:an lift iron or steel which is under snow, or when packt in 
t)oxes, or when hot. Of course, reliable current is essential 
’or safety, tho automatic underhung hooks may reduce the 
ianger. Such hooks may be regularly used for carrying 
oads of fairly uniform shape from place to place while 
current is shut off. A single hoisting line is sufficient where 
lafety hooks are not used. Magnets are of course useless 
’or anything but ferrous metals. 

The lifting capacity depends largely upon the form of the 
ron or steel to be handled. A magnet 20" dlam, will lift 3600 
bs of billets or slabs, and one of 66", 50,000 lbs. Skull-crack- 
;rs of 2/3 of these weights may be lifted; but only about 1/20 
:o 1/30 of these wts of scrap iron. The great ease of han- 
lling irregular scrap, etc, compensates for the reduced attrac- 
:ion. The current consumption at 220 volts will range from 6 
;o 60 amperes. (From Material Handling Cyclopedia, Sim- 
nons-Boardman Publishing Co.) 

1.12a. Vacuum Lifters have been used for seizing non- 
errous mat’ls. They are similar in operation to the pneuma- 
;ic fingers used on printing presses for handling sheets of 
>aper one at a time, and may be used on any material such as 
:opper, zinc, wood, wall-board, etc, as well as iron or steel, 
laving a smooth surface. The lifting capacity depends upon 

ha area n# Mia aiintlnn oiino amnlnvH an/I mow ha an nntn. 
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puted. A valve controls the vacuum or air pressure for seiz¬ 
ing or releasing the mat’l to be handled. 

1.13. Buckets 

The preceding devices, except perhaps platforms or skips, 
sec 1.1, cannot well handle granular mat’l, as earth, coal, ore, 
loose rock, etc, and for these buckets are of use. We first 
consider those that can not dig, and must have the mat’l de¬ 
li verd into them, as by hand shoveling. Nearly all such 
buckets may be hoisted by a single hoisting line, to which 
they are attaeht. The unloading is controld by a latch or trip 
operated by hand at the bucket, or by a light line puld from 
the hoisting engin or near by. or by a second line operating 
levers or doors. 

1.131. Turn-over buckets, one type of which is ill'd in Fig 2, 
are so balanst that when not full they assume an upright po¬ 
sition, but when loaded the tendency is to turn over. This 
is lesisted by the latch or trip. Thus, after filling, the 
bucket is hoisted and swung and lowerd over the desired 
point, and the latch is tript. The bucket turns over, drops 
its load, and then automatically rights itself and relatches 
icady for the next loading. These buckets are made with 
either straight sides, curvd back or bottom, or as a ver¬ 
tical cylinder. For contractor’s work they are made in sizes 
of cu yds cap down to % cu yd or less. It is difficult to 
deliver the contents of turn-over buckets exactly where 
wanted. 



Fig. 3 

1.132. Bottom-dump buckets, one of which is ill’d in Fig 3, 
are made in many forms and with many types of doors or 
hoppers operated with varius arrangements of levers too nu¬ 
merous to mention and too unimportant to describe in detail. 
In some types the load is dumpt all at once; in others the dis¬ 
charge is controllable, some having the hopper door designd 
especially for dumping (concrete, e.g.) accurately into narrow 
spaces. Capacities range from abt 2 to 3 cu yds down to 1 
cu yd or less. 
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1.14. Grabs; Clam-Shells & Orange-Peels 

Grabs may be described as buckets capable of digging, and 
those for land excavation are much the same as for dredging. 
See p 581e, &c, including paragrafs 45, 54 and 56. 

1.141. Utility. Grabs may be used for either plain lifting or 
the handling of varius objects, or for digging loose or soft 
mat'l, as earth, coal, sand, etc, and tQ a certain extent both to¬ 
gether, as where old timbers or debris are encountered in 
digging; but not hard mat'l. Care* should be taken to obtain 
the machine best suited for the servis desired, especially a 
correct ratio of bucket-closing force to lifting force, which 
depends upon the number of sheavs and "parts" of hoisting 
:able (see sec 1.2) and leverage of arm (p 581e, paras 38, 
39 and 40), shape of bucket bottom, teeth, etc. A bucket may 
cut so deeply that it becomes overloaded and the hoisting is 
retarded, or the cut mav be so light that there is much waste 
motion. (See Engg-Contracting, ’32 Aug, p 193). Clam-shells 
ire obtainable with electric motor mounted on a bucket, to 
force the closing of the bucket. This has the advantage of a 
3urer bite into the mat’l. and may be used with hoists having 
only one line, or on overhead tracks, tho the addition of the 
motor and wires increases complication. 

1.142. Operation. As in dredging, the bucket is hoisted and 
lowerd, and opend and closed by means of two lines of cable. 
The rotation of the boom is accomplisht by the engin acting 
on a bull-wheel (p 581 k, para 60), pivoted mast or circular 
gear (sec 1.4). 

1.143. Capacities of land grabs usually employd range from 
% cu yd to 3 f-u yds by % cu yd diffs, and the corresponding 
wts are from abt 2000 lbs to 7000 lbs. Clam-shells of 16% 
cu yds cap have been built, weighing 28,000 lbs 


1.144. Dimensions. The following approx figures are taken 
from the catalog of a laige mtr. 


Bucket cap, cu yds.. 

... % % 

1 

lit 

to 

04 

Boom length, ft. 

..> 30 38 

40 

40 

to 

45 

Max clear lift of bucket, ft. . . 

... 20 28 

30 

30 

to 

35 

Max ht of boom, ft. 

. . . 35 

43 

17 

to 

52 

Max ht of boom, lowerd, ft .. 

...12 12 

12 

15 


15 


1.145. Special forms, usually made up of bars or prongs, are 
used for handling long materials in quantity, as timbers, rods, 
pipes, etc. 

1.146. Miniature or dwarf orange-peel buckets may be had 

small enough to dig holes onlv a foot in diarn, for wells, test 
holes, etc. Owing to their small capacity, they may usually 
be operated by hand; but unless the mat’l is very soft, they re- 
UUire a heavy "hammer" (wt) mounted so as to slide on a 
vert rod above the bucket, to force the orange-peel points into 
the mat'l. 


1.15. Dippers and Shovels 

Shovels for land excavation, Fig 4. are much the same as 
shovels or dippers for dredging. See p 581), etc, paragrafs 
58, 60-63 inch 

1.151. “Crowding” devices used to force the "stick," T, up 
or down thru the boom, B, may be operated either by a aepa- 
rafe engin or motor on the boom, as usual in dredging, or the 
gearing may be operated by either cable or chain, N, driven 
from shafts from the main engin or motor in the cab. Th&re 
axe arguments in favor of and against each, but the differ¬ 
ences uppm tn he slio'ht 
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1.152. Capacities. The usual small shovels for the local con¬ 
tractor have a cap around 1 cu yd, the smallest holding- % cu 
yd, and sizes up to 2 or 3 or more cu yds are available for 
larger operations. Special machines for strip mining used by 
the Electric Coal Cos at DuQuoin, Ill, had buckets holding 15 
cu yds. (Eng News-Rec, ’32 May 5). 

1.153. Lips and Dipper Teeth. Manganese steel is largely 
used. Even so, dippers working in boulders in stream- beds 
may wear out one set of teeth every 8 hours. Mr. George 
Sykes reports (Eng News-Rec, '33 Feb 16, p 215) that by weld¬ 
ing hard surfacing to the bucket teeth with an alloy of cobalt, 
chromium and tungsten, their life can be increast more than 
ten times. Stelite is another mat'l used. 



1.154. l T tility. Shovels will handle much the same mat’ls as 
grabs (sec 1.14), and will dig much harder mat’l, even loose 
rock or ore They will easily handle mixtures of earth and 
debris, and are of great servis in digging ore or coal, tearing 
up road surfaces, old foundations, floors, walls, in excavation 
of basements, grading, sewer work, quarry excavation and 
gravel pits, irrigation and RR work. Special compact shovels 
for underground work are often satisfactorily used for ex¬ 
cavating subways and tunnels. 


1.155. Operating Speeds range as follow*, the figures being 
in seconds for each operation of a complete cycle:— 


Maximum* 

Average! 

Minimum* 


Loading Swinging Dumping Returning Total 


16 

7H 

5% 

7 y* 

34 

9.6 

fi.O 

2.4 

6.2 

24.2 

7 

514 

2 

6% 

21 


the maxima being usual for poorly blasted rock, and the 
minima for good common mat’l. 


1.150. Delays. The following are taken from figures given 
by Andrew P. Anderson, Roads & Sts, ’34 July, p 255 et seq, 
obtaind from 51 power shovel highway jobs:— 


Minor delays, per cent 

Hauling equipment .. 9.9 

Shovel, mvg, repairs. 9.1 
Miscellaneus . l**- 2 


Major delays, per cent 

Weather. 14.9 

Shovel, mvg, repairs.. 9.5 
Miscellaneus . 6.0 


* Eng News-Record, ’29 Nov 28, p 860. 
t Roads and Streets, ’34 July. 
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1.157. Effect of Material on time req’d to load dipper; good 
earth, 5.7 secs; earth and some rock, cemented niat’l, 8.4 
secs; poorly blasted rock, 10.3 secs; very poorly blasted 
hard granite, 16.7 secs. 

’ 1.158. Dimensions. The following figures are averages; 
the smaller sizes being taken from infr’s catalogs, while the 
larger sizes are those of RR power shovels from Mat’l 
Handling Cyclopedia by Simmons-Boardman Pub Co. 


Capacity of dipper, eu yds. 2/3 to 1 

Length of boom, B, It . . . ... 18 to 22 

Length of dipper handle, T, ft .. 14 *t<> 17 

Dumping radius, max lift, ft.... 24 to 27 

Maximum height of cut, It.19 to 21 

Maximum dumping height, It.... 13 to 15 

Digging radius, ft. 27 to 29 

Height of boom at max angle, ft. 24 to 30 

Max height, boom lowerd, ft. 12 to 15 


2% to 6 
24 to 31% 

17 to 20% 

26% to 32 

16 to 18% 

26 to 33 


In a 3/8 cu yd full revolving shovel, 


with angle of 
boom . 

40° 

60° 

with angle of 
boom . 

40° 

60’ 

max dumping ht, 
ft . 

12 17 

max digging rad, 
ft. 

21 % 

19 

max dumping rad, 
ft ... 

18', 

14% 

depth of digging, 

ft. 

3% 

o 

max digging ht, ft 

16% 21% 

swing of boom, ft. 

15 1 j 

n 


Some of the smaller machines may be transported on a 
heavy duty motor truck. 


1.159. Miniature Shovels or Loaders are available, of 
somewhat different designs, but very compact, being but 
little if any taller than a man, some of them having no 
slewing device and depending upon their caterpillars for 
changing direction, yet they are mostly over % cu yd 
capacity. 



1.10. Skimmers 

A skimmer, skimmer scoop, or hor’l crowd shovel, Fig. 5, 
is akin to a shovel or dipper, but with more restricted 
movement A dipper stick is not used, the skimmer bucket 
being arranged to be slid long’ly along the boom by cable 
from one of the engin drums. When digging, the boom is 
kept level or at grade desired, and the bucket is pulled out 
along the boom until full, when the boom is raisd and 
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turnd hor’y until over the truck or place where the mat’l 
is wanted. The load is diopt by either tilting the bucket 
down, or by unlatching a pivoted bottom. 

CnpuciticN from % to abt 2 cu yds. A % cu yd machine 
can handle 400 to 500 cu yds or over of loose dirt per day. 

Utility is limited chiefly to operations that might be 
called “skimming", i e, shallow excavating along the sur¬ 
face, tearing up old roads or highways of almost any mat’l. 
The machine is simpler than the dipper shovel with its 
boom and stick, and more easily levels off large surfaces 
with satisfactory accuracy. 

Dimensions. In a % cu yd machine: length of boom, 
16'; lift, 16'; min lit of machine, 15'; max ht, boom raisd, 
23%'; hor length of cut, 12%'. 


1.17. Pull-Scoop, 

also called Pull Shovel, Goose-Neck, Trench Hoe, Back Dig¬ 
ger, or Back Hoe. 

Pull-scoops, Fig 6, may be regarded somewhat as dipper 
shovels in reverse, except that the "stick", T, does not pass 
thru the boom, B . but is pivoted to the outer end of the 
boom, and the cutting bucket, K, is pivoted to the outer end 
of the stick, facing back toward the engin. It dumps by 
tilting. Pull-scoops are readily interchangeable with skim¬ 
mers, sec 1.16. 



Capacities from abt % to 2 cu yds. In hard digging in 
trench work, all day may be req’d for one 12' length of 
pipe; in easier ground, enough may be dug for 10 or 15 
lengths. 

Utility. It is useful for digging pipe, sewer or other 
trenches, as deep as 25'; but can be swung hor’y like a 
shovel or skimmer, so us to excavate areas as well. It can 
cut thru hard slate, shale, blasted rock or a foot of frozen 
dirt. See also 7.6, trenchers and ditchers. A hook on the 
bucket may be used for laying pipe. 
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1.18. Scrapew 

1.180. Scrapers are of many types and are operated in a 
number of ways. They consist essentially of a strong box, 
usually open at one end and more or less on top, with a cut¬ 
ting edge at the open end of the lower side, and means for 
dragging along the ground. When the scraper reaches its 
destination, it is dumpt so as to spil out the mat’l. Serapeis 
may be puld by horses, tractors, cables or almost any other 
means. 

Their utility lies in clay, soft shales, loam, sand, gumbo, 
gravel, etc. They become troublesome in wet mat'l, or 
mat‘1 containing large boulders or snags. Their size is 
varied according to the power used, and their form accord¬ 
ing to the kind of mat'l and the service to be renderd, such 
as gutter-work, back-filling, ditching, grading. In some 
types a double bottom is ernployd, the outer shell of which 
may be removed when worn thru, before wearing out the 
main body. In others ribs are attacht to the bottom, tho 
they seem to be of doubtful advantage. 

Length o# haul. As they are excavating as well as trans¬ 
porting devices, too large a percentage of their time should 
not be spent for hauling, so that it becomes better, if the 
haul is over 100' or so, to resort to some other device or 
combination, such as power shovels and wagons or trucks, 
each of which may be kept working almost continuously at 
its own specialty. The economical limit of haul is variously 
set at anywhere from 100' to 250', tho some mfrs claim as 
high as 1500'. 

1.181. Horse-drawn drag-scrapers or sllp-scmpers, and 
wheel-scrapers. See pp 1029-10:11.. . Art 12. (Note the ne¬ 
cessity for pro-rating costs from the assumed $1 per 10- 
hour day). In mfr, the material of the scraper should have 
been bent or workt into shape when cold. 

1.182. Tractor-drawn scrapers (on wheels or caterpil¬ 
lars) to be puld by tractors, may be very much larger than 
those puld by animals. Some are arranged to he drawn in 
trams of 3 or 4 units. Nearly every mfr has his own special 
form or device. One type is crescent-shaped; another is 
cylindrical in form (the axis of the cyl lying hor’y at rt 
angles to the line of travel) having an open side with a 
cutting edge in front, the dumping being accomplisht by 
permitting the cyl to rotate; another is bottomless, the 
earth being dragd along with it; while still other types, by 
means of a moveable lower lip, gather the mat’ls into a 
large bin, from which it may subsequently be dumpt or 
forst out. Some are reversible and may be dumpt by back¬ 
ing up. Some are controld from the tractor by cords or 
cables. Not a few are provided with power control, using 
oil or air to adjust and maintain the ht of the cutting edge, 
so as to control depth of cut, and either to dump all at once 
or distribute over a distance. 

Capacities range from 1 or 2 cu yds up to 6, 8 or 12. The 
rate of earth handling varies too greatly with the size, 
length of haul, character of ground, speed of tractor, etc, to 
be stated even approx’y; but may ordinarily be estimated 
fairly closely by computation. Some mfrs have prepared 
tables or diagrams which include most of the factors. Most 
3crapers will drag along with them considerably more than 
their computed capacity. 

Slscs of several makes of tractor-drawn scrapers; cutting 
width, 5' to 10'; ht at back, 22" to 48"; wts, 750 lbs to nearly 
6000 lbs, and as high as 17,000 lbs in certain forms. Trac¬ 
tors to pull such scrapers must be capable of 20 to 30 HP 
>r more; those of 12 cu yds cap, from 76 to 100 HP. 
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1.183. Derrick- or Crane-operated scrapers are usually 
called Drag-Line Scraper* or Draft-Line Excavators. They 
are much the same as where used for dredging; see p 6816, 
paragrafs 24, 25, 27 and 28. For this work, some buckets 
are constructed for rear or back damping by being provided 
with a door or flap controld by a latch, as in dipper buckets, 
but they are usually dumpt by releasing the drag-line. 

For capacities, see "Dimensions”, below. 

Utility. As an excavator, the drag-line is perhaps more 
generally useful than any other excavating machine. The 
bucket is lighter than other types, and this combined with 
the direct pull of the drag-line, makes possible a lighter 
and longer boom. In addition, the operator, by pulling the 
bucket toward the crane and then releasing, can throw the 
bucket beyond the end of the boom some 30% farther than 
the length of the boom. It can handle all loose earthy 
mat’ls, and do good work in blasted rock, or in handling 
boulders, stumps and roots. It has exceptional range of 
high and deep cuts. At Taylorsville (Miami Conservancy) 
machines excavated as deep as 63', and as high as 37'. It is 
accurate enough for effectiv loading of trucks and cars; and 
is largely used for mine stripping, drainage and canal exca¬ 
vating, levee building and trenching. It can build its own 
"trackway" ahead and clean up behind. Thus, in Miami 
Conservancy work, machines crost shallow rivers by main¬ 
taining "moving islands” for themselvs, which they kept add¬ 
ing to ahead as they crost, while they restored the river 
channel by digging out behind. About the only disadvan¬ 
tage is a tendency to cut irregularly, leaving an uneven 
surface. In the Miami work this was largely corrected by 
going over the ground afterwards with heavy drag plat¬ 
forms or frames. This resulted in an earth surface within 
6" of that intended; a max variation of 1' in rock; and V 
under water. 


Dimensions. The figures below are averages taken chiefly 
from the catalogs of well-known mfrs. 


Capacity, cu yds_ % 

Boom length, ft.... 30 
Dumping reach, ft, 

boom 25°. 32 

Add’l throw beyond 
dumping reach... 13 
Dumping, ht, ft, 

boom 40°. 15 

Max ht, boom 

lowerd, ft.11% 

Depth of cut, ft.... 16 
Full on bucket, tons 6 
Drag-line speed, ft/ 

min .110 

Rotating speed, 
rev/min. . 5% 


% 

1 


38 

40 

40 

39 

42 

42 

13 

13 

13 

20 

21 

22 

12 

12 

15 

18 

19 

21 

8 

10% 

12% 

100 

116 

110 

3% 

3% 

2% 


2% 

5 

10 

85 

155 

160 

92 

164 

40 

45 

71 


58 

75 



0.85 


Machines up to and including 1% cu yd cap can usually 
be transported on flat-car without dismantling. 


Operation. See p 581c, para 25. Drag-line scrapers can 
be used in many ways. A favorit method is to arrange them 
in "series”, so that one can pass mat'l on to the next, and 
so on. For suggestions and accounts of plans adopted, 
see Eng News-Rec ’31 Apr 16, p 636, etc, and ’32 Jun 2, p 796, 
etc. Speeds range for the usual small machines from 200 cu 
yds/8 hrs for loading into wagons, 250 to 500 for excavation, 
350 to 600 for ditch cleaning and RR drainage. Delays on 
the Miami Conservancy District: Englewood dam, 1920, from 
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1.7% to 18.1% in different months, but with the av for the 
season 7.7% for steam machines, and 7.8 for electric. On 
the Huffman dam, 19.il, (electric), 21.6%. In all of these 
“waiting: for cars” was responsible for half or more of the 
delay. 

1.184. Cable-operated scrapers are treated under 4.1. 


1.19. Pile Driver 

attachments, consisting: of vert hammer g-ides, may be at- 
tacht to the ends of the booms, and tha hammer operated 
by the hoisting line. 


1.2. CABLE 

1.20. Hemp rope is seldom used for any prolonged hoisting 
or conveying operations, wire rope being used almost exclu¬ 
sively for such work. See also pp 1386-8 incl. 

1.21*. Hoisting cable should be of a flexible type, hemp 
center, plow steel, known as 6 X 19, Lang lay. Life is about 
50% greater than for drag-line (below;. 

1.22*. Drag-line cable as above, but with wire or wire-rope 
or wire-rope center. Life;* cable hauld 45,000 to 60,000 cu 
yds at a cost for cable of $2.06 to $1.22/1000 cu yds of ex¬ 
cavation. 

1.23. fL T se and Care of wire rope are very important, the 
replacement cost being estimated as betw 50 and 80% of all 
maintenance. Bad handling may increase the cost 2 to 4 
times, or even 10 times* the cost under careful handling 
Care should be taken to unreel a shipment of cable as a 
spool of thread is unwound, and to keep the unwound cable 
out straight and under control, so that it cannot slip out of 
hand and kink. It should be clampt before cutting to pre¬ 
vent untwisting. Operators are likely to be indifferent and 
to cause great damage to cable quite unnecessarily, espe¬ 
cially by jerking or kinking The winding drum and all 
sheavs over which the cable passes should be of ample diam, 
from 400 to 500 times the diam of the individual wires, and 
kept in good alinement, the drum groovs should flt the 
cable, and if possible there should be not more than one 
layer of cable on the drum. Frequent lubrication is impor¬ 
tant, especially when the rope is to be idle for weeks or 
months, exposed to the weather A cable showing more 
than 6 broken wires in any loot of its length, or has 3 or 
more adjacent broken wires in the same strand, should not 
be used. (J. Feld, Civil Kngg, '31 Dec, p 647). To minimize 
enforst idleness of machines, extra lengths of cable should 
be kept on hand ready for immediate use. There is prob¬ 
ably no economy In obtaining any but the highest grade. 


1.3. MASTS AND BOOMS, CRANES AND DERRICKS 

Masts and booms, except where part of a mfd hoisting or 
excavating unit, are often specially built for the work in 
tiand, and are usually of wood or steel. Caution. They 
nust of course be carefully designed as long colums (but 
jee recommended dimensions under 1.311 and 1.312, below) 


• Most of this Information from “Construction Plant, Meth¬ 
ods and Costs", by Chas. H. Paul, Miami Conservancy Dis¬ 
trict, Dayton, Ohio, 1925. 

t Chiefly from article by Herbert MacMillan, Eng & 
Uontr'g, ’31 Jul, p 175; and the Miami report above. 
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not neglecting ample allowance for overloading due to sud¬ 
den stoppage of a descending load by the hoisting cable, 
accidental lateral impact, and, in the case of booms, for the 
wt of the boom acting on itself as a beam, making further 
allowance for side stresses due to sudden stoppage of the 
boom while being lowerd. 


1 . 30 . Materials 

1.301. Wood is often used for masts and booms for mod¬ 
erate loads. Iron or steel fittings may be obtaind, such as 
foot blocks, mast steps and tops, boom seats, caps, stiff-leg 
straps, boom bands, back-leg bottom plates, sheavs in blocks 
ready for framing to the timber, etc, for the complete con- 
sliuetion of derrick frames. See also 1.31. 

1.302. Steel masts and booms are usually built-up struc¬ 
tural members with latticing. 

1.303. Aluminum alloy booms have been built as long as 
175' or more. 

1.31. Derricks 

Generally speaking, a derrick is a hoisting device in 
which the mast (carrying sheavs at or near the top over 
which pass ropes controlling the load and the end of the 
boom) is kept vert by means of guys or struts, and is not 
< apable of movement over the ground without dismantling. 
<Towers used for oil wells and lor pile driving are called 
"derricks” also, even tho they are usually stiff enough to 
leqinre no lateral supports at their tops). 



1.311. In a Guy derrick, Fig 7, the mast, M, is kept vert by 
means of wires or cables or rods, C, C, C, in tension. Theo¬ 
retically, three should be sufficient, but it is well to have 
five, so that in case one breaks, the derrick will not fall. 
The safe sizes for such guys may be computed, knowing 
their inclination, the wt and angle of the boom, and the 
loads to be handled, making ample allowance for jerking of 
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the load. The following- dimensions for wooden guy der¬ 
ricks are recommended by Mat’l Handling Cyclopedia;— 


Capacity 

Tons Mast 


Boom 


1 % 

6 

16 


34' X 8" X 8" 
50' X 12" X 12" 
60' X 16" X 16" 


25' X 6" X 6" 
40' X 10" X 10" 
50' X 14" X 14" 


Probably 40-ton capacity derricks, and even smaller, are 
better made with steel masts and booms. 


1.312. In a Stiff-leg derrick, Fig 8, the mast, M, is kept 
vert by two or more stiff members, P, P, inclined at abt 
45°, spaced abt 90° in plan. For light or “home-made” der¬ 
ricks, these may be simple timbers, similar to the mast and 
boom, but are usually reinforst at their middles either by 
additional struts, 8, S, to the ground, or by added thickness 
or “trussing”, for they must be able to sustain their own 
wt as inclined beams, and to take compression, and are 
usually nec’y longer than the mast. The following dimen¬ 
sions for wooden stiff-leg derricks are recommended by 
Mat’l Handling Cyclopedia;— 


Capacity 

Tons Mast 

1% 16' X 8" X 8" 

5 26' X 12" X 12" 

12 33' X 16" X 16" 

33 36' X 22" X 22" 


Boom 

25' X 6" X 6" 
40' X 10" X 10" 
50' X 14" X 14" 
55' X 20" X 20" 



The largest of three stiff-leg derricks used in the con¬ 
struction of the Boulder (formerly Hoover) dam, had a 
boom length of 180'; mast ht, 75'; legs of abt the same 
length, since they bore almost hor'y against the canyon 
walls; and had a capacity of 12 tons. (Eng News-Hec, '34 
Jun 28, p 832). Others have capacities of 50 tons or more. 




CRANES. 


580e 


1.3121. A Jinnlwlnk is a stiff-legd derrick in which 

the lower ends of the legs and of the mast are attacht to 
the ends of a hor T-shaped frame of timbers, yvhieh can be 
lasht to the floor of a building in course of construction, and 
then moved about from place to place as req’d. Capacities, 
3 to 5 tons. 

1.313. A Gin Pole consists of a single pole, slightly inclined 
and supported by four guys. The hoisting line passes over 
a sheav near the top. It can handle loads only vert’y under 
the upper end. It can be readily ngd up on the job, and so 
may frequently be of use, as may also 

1.314. Shears, which consist of two poles mounted like the 
A-frame of a dredge, and similarly inclined, being held in 
position by a back-guy. 

1.315. Tripods, consisting of three stiff legs, need no guys, 
but can handle loads only well within the space embraced 
by them. These are dangerus on a hard smooth surface 
unless the feet of the legs are properly tied to each other 
to prevent spreading. 

l.3lfl. Sulkies. It may be worth while in the case of small 
rigs (tripods, shears, etc) to mount a pair of wagon wheels 
on an axle against two of the members, the axle being hori¬ 
zontal. By tipping the outfit over and bringing the wheels 
to the ground, it may be more readily moved from place 
to place. 


1.32. Cranes 


In the predominating type of crane there is no tall mast 
or tower requiring guying. The hoisting and boom lines 
are attacht to the engin or motor or to the base or to an 
A-frame such as that in dredges, the device being kept 
upright by virtue of the wudth of its base and the wt of 
(he engin or motor and cab (mounted well to the rear) and 
possible counterweights. 

Ctillty. Probably no other type of machine for hoisting, 
conveying and excavating is more versatil and in more 
general use. By varying the boom and attachments, nearly 
all makes can be used, as simple hoists, as shovels (Fig 4), 
or to handle clam-shells or orange-peels, skimmers (Fig 5), 
drag-lines, backdiggers (Fig (5), or pile drivers. For their 
respectiv utilities (except hoists) see sees 1.14 to 1.18 Incl. 
Care should be taken that the load does not tip the crane. 
Tipping depends upon the dist of the load from the center 
of the crane, as well as its wt, and possible jerking by the 
hoister. 


Dimensions, etc. The following data are closely repre- 
sentativ of average practice, there being but small varia¬ 
tions between different makes,— 

Dipper of bucket, capacity, cu yds.. 

Boom length 

for clamshell or dragline, ft.2 

for shovel, ft. 

Dipper stick, for shovel, ft. 12 

Travel speed, 15% grade, ml/hr- 

“ “ 30% grade, ini/hr.. . . 

Overall length, ft. 

Working weight, thousands of lbs, 

approx . 

Hwing speed, rev/min. 

HP (gasoline). 42 

In the cranes “Hercules" and “Ajax" used on the Panama 


% 

% 

% 

1 

>5-35 

16 

18 

18 

35-40 

18 

12 

14 

14 

14 


1.6 

1.5 

1.5 


0.4 

% 

% 

9% 


11 

13 

20 


50 

60 


4.8 

4.6 

4.5 

42 

47 

70 

80 


canal (Eng News ’15 May 13) there was a tower, from the 
top of which the boom projected, but it was not guyd, and 
obtaind its stability from the barge on which It was 
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mounted. A floating crane of 200 tons cap was used at the 
Port of Havre (Eng News-Rec, ’84 June 14). Cranes of 
similar design, sometimes referd to as “Portal Cranes”, are 
largely used on docks. 

1.321. Jib, Pillar or Foundry Cranes. While some are 
mamtaind upright by means of a post or mast embedded in 
the floor, they aie usually supported at their tops by fram¬ 
ing to a wall or to the ceiling or roof. Either an inclined 
jib or boom is held up by connections to the top of the 
pillar, in which case a load can he handled only lrom the 
boom’s end, or else the arm extends hor’y from the top of 
the pillar, and a hoist (sec 2 2) is mounted on a trolley 
moveable hor'y along the boom, in which case a load can be 
handled anywhere within the circle swept by tin 1 boom. 
Jib cranes are usually shop fixtures and have little use in 
eng’g construction. 

1.322, Hammerhead cranes have a boom permanently hor 
which is mounted on a tower (without guying), the load 
traveling along it as in jib cranes. These too are generally 
used in permanent positions, as on dot ks, supply yards, etc. 
A notable exception was then use on the towers ol the 
West Bay crossing of the Han Franeisco-Oakland Bay 
bridge (Construc’n Methods, Aug, p 33). 


1.4. ROTATION. SWINGING OR SLEWING 

of the boom is aceomplisht in different ways. In derricks 
mere pivots are piovuled at the tops and bottoms of the 
masts which may then be swung by hand or by power by 
means of a bull-wheel, (S' to 16' or more in diam). In 
crune» the boom is usually mounted on the platform or 
“base” on which is mounted the engin or motor. This plat¬ 
form acts as a turntable, riding on wheels or idlers ar¬ 
ranged on the circumf of a ciicle, and lesting on the floor 
beneath or upon the frame of the car or truck which is 
provided for motion over the ground, notation is effected 
by the engin or motor driving a veit shaft which extends 
down thru the platform, carrying a small gear which en¬ 
gages with a large gear mounted on the trame below. 
Thus there is usually no limit to the angular motion of 
such a crane, sometimes referd to as a “whirley” or 
“whlrler”. 


1.5. HORIZONTAL MOTION 

Many methods are available for moving the hoisting, con¬ 
veying or excavating machine as a whole, aside from such 
hor motion as can be obtaind by trolley on jib crane, by 
changing elevation of boom, etc, depending largely upon 
the kind of surface to be traverst. 

1.51. via Water 

Machines mounted on vessels may of course he moved 
wherever there is sufficient draft. While sometimes it may 
be practicable to have the boom reach over land, so as to 
serv for hoisting and conveying, the usual use is for dredg¬ 
ing, or excavating under water. .See p 5S1, et seq. 

1.52. Skids 

may be used where the machines are not very heavy, but 
in view of the many modern methods available, they need 
seldom be resorted to. 


1.53. Rollers 

rolling on prepared plankways constitute an improvement 
on skids In that they greatly reduce friction. 
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1.54. Flanged Wheel* on Track Kail* 

are a further development and further reduce friction, hut 
require more elaborate preparation. If the ground is hard, 
the preparation may be easy; but if soft, it may be advis¬ 
able to construct a track almost as elaborate as for a RR. 
Indeed, for heavy machines, two standard gage tracks may 
be advisable or necessary. This is often used tor derricks, 
ordinarily immovable without dismantling. For the build¬ 
ing of dams, long buildings, stadiums, elevated RRs, etc, 
rails may often he laid along the structure. Where two 
rails may naturally come at different elevations, the frame¬ 
work under the derrick may have legs of correspondingly 
different lengths. 


1.54ti, A Locomotive Crane or Shovel consists of a crane 
mechanism (see sec 1 .Si!) mounted on a railroad flat-car or 
frame, on one or preferably two four- or six-wheeld trucks 
(usually standard RR trucks), the wheels being driven 
by power transmitted down thru the central shaft or pivot, 
from the engin or motor. 

Within reach of a RR track, its uses arc approx 
those of other cranes, being largely used not only for 
wrecking, but also for digging ditches, taking care of em¬ 
bankments, driving piles, erecting bridges, etc. 


Dimension*, etc. 

Capacity, tons. 

Room length, ft. 

Speed, mi /hr. 

Max grade, %. 

Min curv, rad, ft. 

Overall length, ft. 

Weight, thousands of pounds 

Swing speed, rev/min. 

HR (gasoline). 


15 

20 

25 

40 

45 

50 

2- 1 

2-4 % 


8% 

8% 


55 

55-60 

60 

25 

25 


83 

120 

142 

4 


4-5 

80 

97 

140 


1.55. Wheel* on Ground 

Metal tires or rims of gieat width with deep markings 
are sometimes used with satisfaction where the roadway 
is fairly good. But it is generally more satisfactory to use 

Rubber tires, which are of four mam types; (1) solid, 
(2) "cushion", with a hollow tunnel thruout its length, or 
other forms of hollowing, (If) "high pressure”, using from 
50 to 100 lbs/sq in, and (!) "balloon”, using from ant JO to 
as little as 5 lbs/sq inch in the super-balloon or "doughnut 
tires. Whore soft or wet ground may be eneounterd, the 
larger tires are preferable, as they exert lower unit pres¬ 
sures on the ground. Apparently, suction greatly vitiates 
the law stated under "2nd" on p 410, and the grooving or 
other surface patterns used afford greatly exaggerated 
roughness, thus greatly increasing the traction of the 
larger tires over that of the smallei solid and cushion tires, 
so that the greater care req’d l'or maintenance is well 
worth while if actually put into effect. There should be 
careful application or attachment of tire to rim, correct 
wheel almement, no overloading, proper air pressure, mod¬ 
erate acceleration and deceleration, no skidding, avoidance 
of sharp objects in the road, and no high speed with heavy 
loads or at sharp turns. Where even a small fleet of trucks 
is employd, there should be one or more men detaild to 
attend to tires, their inflation, cuts and punctures and load¬ 
ing. Bonuses to drivers for increast tire mileage have 
proved profitable. Much can be done by a skilful driver to 
avoid slipping (which reduces tractiv effort, increases dan¬ 
ger of accident, and increases wear) by applying power 
gradually when starting, and stopping by applying brakes 
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carefully and leaving the engin in gear until almost stopt. 
At any given speed, the impact of a solid tire over a given 
obstacle or road roughness has been found to be abt double 
that of a balloon tire. Dual or double tires, in which two 
wheels with tires are used side by side in place of a single 
wheel and tire, are frequently used for rear wheels and for 
trailers, to carry heavier loads. Additional care is needed 
with duals to avoid unequal division of the load betw them, 
as by running the outer one off the edge of a road, or using 
unequal pressures. As high as 16 doughnut tires are some¬ 
times used under trailers, in which cases equalizing devices 
are provided to distribute the load evenly. 


1.56. Caterpillars, Crawlers 

(We here treat only of the running gear that goes by 
these names. Tractors using caterpillar mechanism are 
also called “Caterpillars”, but are treated in sec 6.44). 


1.561. Construction. The caterpillar or crawler running 
gear consists of two endless bands, CC, Fig 4, one on each 
side of the vehicle, tractor, crane, excavator or other ma¬ 
chine to which it may be applied. Each band passes around 
two large wheels, WW, with teeth or sprockets with which 
it engages, the two rear or front wheels doing the driving. 
There may be two or more additional wheels, LL, on each 
side, to keep the entire lower portion of the band prest down 
against the ground. Each band is several ft wide and the 
length on the ground is 5 ft or much more, giving a bearing 
surf of 25 sq ft or more, far in excess of what even a large 
number of balloon tired wheels can afford, thus greatly 
reducing the penetration of the driving mechanism into the 
ground and the depth of the resulting hole continually en- 
counterd. Usually each band is made up oi a series of 
plates of hardend steel, linkt together, often provided with 
transvers ridges, webs, grouters or grousers; but continuus 
rubber belts have been used as well. In some makes, the 
metal belts are readily detachable, when the machine may 
run on its wheels at higher speed. The device is, in effect, 
a locomotiv running on a cog ry or rack track which is 
automatically laid on the ground ahead of the wheels and 
taken up behind them and brought forward again. None of 
the wheels are arranged for steering or turning, and this is 
accomplisht by retarding the band on one side, and main¬ 
taining speed on the other. With one belt held fast, the 
machine may be turnd 180° in almost if not quite its own 
width. 


1.562. Operation is effected almost invariably by a gasoline 
or oil engine, with clutch and brake for each band. Speeds 
may range from 2 to 10 mi/hr, but at higher speeds, the 
machine becomes cumbersome and noisy with much impact 
due to the flapping of successiv plates onto the ground. 


1.563. Horse-powers and weights depend upon the type of 
machine to which the caterpillar is applied, such as tractor, 
excavator, etc, q v. 


1.564. Utility of caterpillars is very great, and altho super- 
balloon tires have been encroaching on their field where the 
road or ground is not too difficult, yet caterpillars excell for 
use on rough and irregular ground of sand, muck or mud, 
with steep grades. They may be used under tractors, 
cranes, excavators, etc. 
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1.57. Walkers 

are machines provided with a device on each side that acta 
together as legs and feet, tho both move simultaneusly, 
and the whole machine is advanst much as a man walks on 
crutches. Each leg is driven by suitable gearing, and to its 
lower end is attacht a hor member or foot whose lower surf 
is amply large to support the entire machine without sink¬ 
ing into soft ground. Normally, when digging (it is usually 
applied to drag-lines) the machine rests on its own base 
and the feet are raisd several feet from the ground. To 
‘‘walk”, the mechanism causes the lower ends of the feet to 
l>e thrust forward, then down against the ground until the 
base of the machine is lifted, and then, by a rearward 
thrust of the legs and feet, the machine is skidded forward. 
By repeating the steps, the machine may be advanst as de¬ 
sired. The direction of travel may be changed by merely 
rotating the machine, with its walking mechanism, on its 
base, as other cranes and shovels are rotated. As ordinarily 
mfd, “walkers” have booms 35' to 175' long, and can handle 
buckets up to 20 cu yds. Each “step” is about 7', and walk¬ 
ing speed about 18'/min. 


1.58. Trolleys on Monorail 

or overhead tracks are seldom practicable for engineering 
construction on account of the difficulty of constructing and 
shifting the tracks as the work progresses. They are used 
mostly in shops. The cableway, (sec 4) is usually far pref¬ 
erable for construction work. Trolleys are used on the hor 
jibs of cranes (sec 1.321) or on traveling cranes (sec 1.59). 
or on overhead tracks or monorail, or cableways. The trol¬ 
ley may be a mere car or truck carrying a hook hoist, 
propeld by pulling or pushing the hanging load, or the 
wheels may be geard for propulsion by pendant hand chains 
or other means, or by a motor on the trolley, operated either 
from the ground, from a distance, or from an operator’s 
cage on the trolley. The trolley usually runs on four wheels 
bearing on the lower flanges of I-beams supported by their 
upper flanges. Such tracks may be provided with moveable 
sections acting as switches or turntables. 


1.59. Traveling Cranes 

In these, loads are handled from a trolley running on a 
“bridge”, which in turn runs at rt angles on tracks on gird¬ 
ers near the roof. They are usually permanent installations 
in shops, and not practicable for eng’g construction. But 
see sec 1.54. 

1.591. Gantries or Bridge Cranes are similar to traveling - 
cranes, except that the “bridge” is usually stay’y, or, if it is 
moveable, the colums or towers on which it is mounted run 
on tracks on the ground. 


1.6. POWER MECHANISM AND POWER 
1.61. Mechanism 

For practically all of the hoisting and excavating ma¬ 
chinery described in section 1.1 and its subdivisions (1.11, 
1.12, etc), and also in 1.31 (derricks) and 1.32 (cranes), 
there is used or may be used one or another hoisting mecha¬ 
nism described in 2.22 and subdivisions, the number of 
gears or drums and lines depending upon what is to be 
controld, which may Include hoisting (2 lines for “grabs”), 
“crowd”, boom elevation, slewing, and movement over 
ground. 
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The engin should be capable of exerting great force at 
starting, and at low speeds, especially where digging is 
involvd. The fuel should be cheap and such that it can 
readily be transported to the machine and stored, and it 
should not injure the engin. The engin should be of a type 
readily understood and operated. 

1.621. Animals. A caution may be in order at least to 
consider the use of animals for certain purposes. Scrapers 
and light graders can be had especially dosignd to be pulled 
by horses, mules, etc. While the probable economy of horse 
ns mechanical power can be estimated for any given job, 
other considerations may enter, such as the availability of 
power machinery and men suitably skild in its use, as con¬ 
trasted with that of horses and farmers or others tcorn- 
parativly unskild with machinery) to handle them. See 
also pp 683-88 Inch Elephants, ohtaind from circuses, some¬ 
times available during the winter, have been used for mis- 
cellaneus handling of logs, poles or other objects, and even 
the pushing of vehicles as heavy us freight cars. 

1.622. Electricity, where and when available, is especially 
good for the slow heavy starting pull, and has simple con¬ 
trol. See also p 581 t, para 116. 

1.623. Steam is especially good for the slow heavy start¬ 
ing pull, and has simple control, but the boiler’s great 
weight is useful only as a counterweight, and the boiler 
may be troublesome on account of poor water, the fuel is 
cumbersome (even if oil is used), it is slower to start after 
shutting down, and is much less efficient than an internal 
combustion engin. By 1930 it had almost gone out of use 
except for locomotive cranes. 

1.624* Gas (not gasoline) being generally not available, is 
seldom to be eonsiderd. 

1.625. Gasoline is still (1937) the most generally favord. 
Gears and clutches have been so developt that it can largely 
overcome slow heavy starting pulls. It is more efficient 
than steam, and the fuel is available almost anywhere. 

1.6251. Gasoline-electric, in which a gasoline engin gener¬ 
ates current for an electric motor or motors, has been 
resorted to and of course avoids many gears, and can exert 
great starting force, but it is not geneially used. Initial cost, 
involving not only a gasoline engine and one or more elec¬ 
tric motors, but also a dynamo, must be eoaiparativly high. 

1.626. 011 engins cost somewhat more than gasoline en- 
gins, but the operation is as simple and tlu* luel cheaper. 

1.627. Diesel engins are being developt until they are now 
(1937) largely replacing gasoline engins. They are more 
capable than gasoline for slow heavy pulls. They cost about 
twice as much, but the fuel costs only about 25% as much 
as gasoline. The choice depends chiefly on whether the 
future use of the machine will effect «uff saving to pay for 
the greater first cost and interest as compared with gasoline 
engins. They are more complicated and require special 
devices or engins for starting. 

1.02N. Comprent Air is largely used where it is available, 
as where rock-drilling is being done. 
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2.0. ELEVATING DEVICES 

2.1. JACKS 

Jacks are compact and readily portable devices capable 
of moving 1 (especially lifting or lowering) heavy objects 
thru very short distances only, but can often be used for 
precise movements in very crampt places where other de¬ 
vices could not operate satisfactorily. 

2.11. A mechanical Jack, Figs 9, a, b and c, consists of a 
frame, F, which may be placed on the ground or other solid 
support, thru which slides a plunger, G, carrying a bearing 
plate, B, at its upper end, or a step (not shown) on one 
side, for supporting the load to be lifted, or for pushing 
laterally or otherwise. Between the frame and the plunger 
there is gearing which makes it possible to lift the load by 
means ot a moderate force applied to the end of a lever. 
(Only the socket, L, into which the lever is fitted, is shown) 
Iri many cases this is merely a heavy *crew-thread on the 
plunger, and the plunger is turnd by a stick or rod past 
thru holes in it, the top bearing plate being swiveld; or 
Fig 9a, the plunger, G, is turnd by means of a bevel gear 
turnd by a hor shaft with a square hole into which is fitted 
a square-ended rod (not shown) with a crank on the other 
end. Or, in the rack-and-locr jack, Fig 9b, the plunger 
carries a rack, R, which engages with gears or against 
which one or more pawls operate from a lever. Additional 
devices are provided either for reversing the action, so that 
the load may be lowerd step by step, or dropt at once. In 
some cases other kinds of gearing are employd, but these 
are the more usual The load can be held by the jack only 
at the stept levels determind by the ratchet—and not at any 
level as in the screw or hydraulic types. 



Fig. »a Fig. l)b 

Screw Rack-and- 

Jnck Lever Jack 


Fig. 9c 
Hydraulic 
Jack 


2.12. A Hydraulic jack, Fig 9c, likewise consists of a 
frame or plunger, but the frame contains chambers filled 
with liquid. A lever actuates a pump, P, with a very small 
piston, which pumps the liquid from a storage chamber into 
a large cylinder, C, into which fits another piston carrying 
the plunger, G. Check and other valvs are provided for 
holding or lowering the load. Usually the pump is containd 
within the jack, tho sometimes it is separate and is con¬ 
nected Ajdth the jack proper by flexible metallic tubing. 
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2.13. Jacks on wheel* are available for lifting- one end or 
corner of a load, as an automobile, and moving it around 
on any smooth hard surface. 

Commercial jacks may be obtaind in a great variety of 
sizes and capacities, from light one-ton capacity jacks for 
light autos, up to 50 and 75-ton cap for jacking up ry cars 
and locomotivs and structures generally. The ht may be 
anywhere from %' to 3'. The lift is usually a fraction of 
the ht, 1/3 to % or more, tho some, with double screws, 
have a lift as great as or greater than their own ht. For 
greater lifts, the load, when raisd as far* as possible, must 
be blockt up, and the jack then shifted so as to raise the 
load again, and so on. Wts of jacks may be from abt 10 
lbs to 400 lbs or more. Small trucks may be had for trans¬ 
porting heavy jacks. 


2.15. Pneumatic or other power may be applied to some 
types of jacks. 


2.16. Melting Ice Cake* were used to lower telefone con¬ 
duit abt 3' in 500' sections weighing 60 tons. Every b the 
earth under the conduit was removed and replaced t*y 
blocks of ice 21" X 22" X 11". The remaining earth was 
then excavated gradually as the ice melted. I he conduit 
sank abt l/3"/hr with air temp around 65°. The'opera¬ 
tion was very satisfactory. (Construction Methods, 

July). Melting ice has been used in other cases. 

2.17. Sand Jack* are sometimes used for the lowering 
of heavy loads such as arch centers, plate girders, etc, and 
may obviate much cribbing and shifting of mech 1 jaeKs. 

In lowering a 1000 ton drawbridge over the Passaic R 
at Newark, N J, dry sand was confined in a box open at the 
ton. 4' wide, 52' long, abt 11' high, built of 12' X 12 tim¬ 
bers Four plungers fitted into the box with M:' c *®krance, 
and settled without jerking, on reieas of sand thru „ nines 
in the bottom. Pressure on sand, 2,815 lbs/sq in. Sand wouid 
not flow from holes in side. 

In lowering two 142' girders, wt 121 tons each, at Glen¬ 
view Ill (Eng News-Rec, ’30 Oct.8>, the boxes were 3; wide, 
11' long,’ 12'3" high, of timbers 8" X 16". Heavy Umbers 
rested on the sand, coverd by a bearing P'O- 1 ® 01 ? 
rested the girders. Lowering was accomplisht by men 
standing on top of the jacks, removing the sand with small 
sbovelB. _ „ .... n 

Sand Jacks used in Switzerland (Eng News. 11 Jan 5) 
were metal cyls, diam 26.8", ht 39.4 . Metal piston, fitting 
closely, was 3lk" high. Total lowering, 24". Load 282 
tons or 1000 lbs/sq in on dry quartz sand from sand-blast 
work Hole in bottom 214” diam. Sand flowd slowly and 
uniformly Operation very satisfactory. A sheet of lead 
draped over top of jack acted as a hood to prevent entrance 
of water. 
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2.2. HOISTS 

There is much ambiguity regarding the word "hoist”, 
for the name is applied, usually without any qualifying 
word to distinguish, to (1) hoisting devices which hang 
from a support above, as described in sec 2.21, and (2) 
hoisting devices resting on the ground or other foundation, 
as in sec 2.22. To distinguish betw the two, we call the 
first "Hanging Hoists”, the smaller sizes of which es¬ 
pecially are called "Winches”; and the second "Drum 
Hoists”. Hoists, unless mounted on trolleys, booms, or 
otherwise, move the load only vert’y. 


2.21. A Hanging Hoist 

consists of a frame, usually with a hook or other means at 
the top for attaching it to an overhead support, containing 
an assemblage of gears or other means for applying power, 
and a hook or other grabbing device hanging from the 
gears or shea vs, for attaching the load. It may be of use 
for light loads, where high efficiency and high speeds are 
not required. 

2.211. A Hand Hoist is operated by a "hand chain” which 
hangs in a loop below the gearing. Pulling down on one 
side of the loop, the load is hoisted; pulling on the other 
side, the load is lowerd; while provision is made for hold¬ 
ing the load in position when there is no pull either way 
on the hand-chain loop. The gearing may be either a worm 
gear, a train of one or more spur gears, a planetary gear, 
a differential gear, or any one of several other special 
types. The worm gear or screw hoist, can handle loads but 
slowly, tho a heavy load requires a comparativly easy pull 
on the hand-chain; while it requires no brake to hold the 

load in position. Owing to the friction of the worm, its 

efficiency is low, around 40%. Capacity from 500 lbs to 

6000 lbs or more. Spur gears require special additional 

mechanism for holding the load when it is not being oper¬ 
ated, but their efficiency is high, around 80% to 90%, and 
the ratio oi load to pull may be almost anything, depending 
upon the number of gears in the train. In the differential 
hoist, only one chain is used for both hand and load. The 
chain is continuus and hangs in two loops, one loop hang¬ 
ing free for pulling by hand, and one under a sheav to 
which the hoisting hook is attacht. The two upper loops 
pass over a sheav having two groovs, one a little larger 
than the other. Thus, the larger sheav hauls up its length 
of chain a little faster than the smaller one lets down its 
length of chain; and these two lengths, passing under the 
hoisting sheav, thus move the load much more slowly than 
the chain itself moves. Lowering is accomplisht by revers¬ 
ing the motion. Owing to internal friction, this hoist re¬ 
quires no brake, but its eff’y runs from 28% to 38%. Cap, 
500 lbs to 6000 lbs or more. 


2.212. An Air or Pneumatic Holst. The simplest of these 
is a mere cylinder, containing a piston or rod, to which is 
attacht a hook or other device for attaching the load. It may 
be operated by varius combinations of air pressure, as 
(1) pressure only below the piston, (2) variable pressures 
below and above, or <3) full air pressure below and variable 
above. (2) or (3) give better control than (1) by tending to 
prevent sticking of the piston. There may be in addition an 
oil control which affords even more deflnit movement. 
Cylinder hoists have tho advantage of quick movement, but 
the amount of movement is limited by the length of the pis¬ 
ton, the stroke being from 4' to 8'. These may be had with 
cyls from 2" to 24" dlam, operated by pressures from 66 to 
100 Ibs/sq In, with lifting capacities from 17P lbs to 40 000 
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lbs, using from 1 to 100 cu ft of free air for a r lift For 
greater movements, air-motor hoists may be used. hese 
are two- or throe-cyl air motors, usually emploung fil¬ 
iating or rotating cyls, with a max lift ot 20', and cap. 'ties 
from 1,000 lbs to 10,000 lbs. 

2.213. Electric Hoists, tho generally heavier than ar- 
hoists, are very serviceable, where 110 to 550 volt, 1> » or 
A C is available. Motor, gearing and hoisting drum are all 
mounted together compactly. Control may be had tiom the 
floor by means of pendant cords, or, especially where the 
hoist is mounted as a trollev running on overhead track, 
(see sec 1.58) the operator m;i\ rule with the lioist, with or 
without a cab; or by "remote control” lumi a eomement 
point away from the hoist They are ot course supplied 
with one device or another, usually automatic, for holding 
the load when it is not being updated. Capacities run 
from 500 lbs to 40,000 lbs, with lifts lrom 30' to 10', rc- 
spectivly. 


2.22. A\ Inches and Drum HolstN 

are usually mounted on the ground or engin- or crane- 
platform. 

2.221. Hand Winches or Crabs. The simplest form of 
winch consists of a crank or cranks turning an axle, gcard 
to turn a drum on w r hich a rope is wound, all being held m 
place by a wooden or metal frame. Capacities, up to 1 Vis to 
2tons. To hold the hoisted load, either a woim gear is 
used, or (with spur gearing; a pawl or brake is provided, 
the brake permitting lowering under good control. All 
winches and drum hoists are elaborations of this A double 
drum may be provided with special gearing for handling 
two lines. In a "double-purchase” winch, gearings are pro¬ 
vided whereby either of two dium speeds may be obtaind 
from a given crank speed, with inverse changes in pulling 
force. 

2.222. Horse Winches may be useful where power is sel¬ 
dom req’d. By means of bevel gearing, a vert shaft is pro¬ 
vided, to which is attacht a long lever to which is hiteht a 
horse that walks around the winch. Provision must be 
made to lead the hoisting rope either well above or below 
the horse. 

2.223. Power Holsts or Power Winches may be operated 

by any kind of power mentioned in 1.622, et seg. They arc 
usually equipt up to 50 to 100 HP, tho occasionally as much 
as 300 to 400 HP or more for special hoisting and convey¬ 
ing. For excavating machinery, there are usually three 
drums. See sec 1 61. These drums usually receive their 
power thru appropriate gears and clutches, altho in electric 
excavators there is sometimes one motor for each drum, 
thus reducing gearing but increasing cost for motors. “The 
modern standard heavy duty hoist would include wide, ca- 
pacius drums, brakes mounted on flanges opposit the fric 
flanges, and compact lever arrangement so that even three- 
drum and swinging gear hoists are operated from one po¬ 
sition.The entire outfit with levers at the side; hand 

friction, foot brake, or extension levers bankt in a rack 
located at the point of greatest operating convenience.” 
(F D Hooper, Eng News-Rec, ’30, Apr 3). Many of the heav¬ 
ier machines are now (1936) provided with electric, pneu¬ 
matic or hydraulic control, greatly reducing the labor of 
the operator. 


•Materia’ Handling Cyclopedia, Simmons-Boardman Pub 
Co. 
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2 . 224 . Capstans (almost invariably power-operated) may 
be of servis for occasional pulling-, as for short hauls of 
cars or ships, or assistance to trucks. The (hemp) rope is 
not fastend to the drum, but is merely wrapt around it 
three or four times, which makes it possible to apply a very 
strong pull to the object to be moved, by the strength of 
one man holding back on the free end and taking up the 
slack as it is wound in. The drum or niggerhead is con¬ 
caved to keep the rope from working its way off the end or 
jamming against the end flange. Lowering by this means is 
awkward and dangerus unless the capstan is reversible. 

2.23. Material Holst Towers or Elevators 

are of great servis in building construction for lifting 
mat’ls to different lloors, and for returning barrows, etc. 
The best location is usually 6 or 8 ft outside the building 
wall, and oop a vert row of windows, altho they are often 
placed witl in the building. 

A mat'l hoist consists of a crude elevate.r with only a 
platform end side frame-work, to the top of which is attacht 
a hoistin rope. It runs in gules inside a rectangular 
tower, often ot timber, of temporary construction, but also 
frequently of steel of stock mfr with bolted connections, 
which may be used repeatedly in different locations. The 
cable passes over a sheav or sheavs at the top of the tower, 
and thence to a drum-hoist (sec 2.223). 

For ordinary loads, the tower uprights may be of 4" X 4" 
timbers if only a few stories high, and 6" X 6" or more if 
over 100'. For heavy loads, and especially where the lower¬ 
ing speeds arc high and the retardation likely to be severe, 
the tower should be carefully designd, and the cable stresses 
well taken care of. The towers should be braced to the 
building at intervals or maintaind upright by frequent 
guys, and completely braced by diagonals to resist hor 
thrusts due to wind or irregularity of track, and to aid in 
its action as a colum, the bents being abt 6 or 7 ft high, or 
approx’y square. The size of the elevator platform will be 
governd b> the mat’ls to be hoisted, or by the barrows and 
trucks loaded on it, say 6 or 7 ft square. 

Danger in the operation of such a hoist is great. Ex- 
cessiv speeds and sudden stops may shake the load out of 
place on the platform, and create very high stresses thru- 
out the tower. The operator must be thoroly competent 
and careful, and there should be such safety devices as 
automatic gates and interlocking signals, as may be req’d 
by law. In interior tnstalations these may be as elaborate 
as for permanent passenger elevators, especially if men 
are to ride on the hoist platform. 


2.24. Vertical Conveyors 

of the bucket type, see sec 5.2. 

2J15. Inclined Holsts 

Where material is to be hoisted up a slope, a drum hoist 
may wind a cable to the lower end of which is attacht a 
car running on a track, as is prevailing practis in mines 
having a steeply inclined passage for haulage. There 
seems to be no standard design for such a rig, and it may 
often be improvised from idle equipment on hand. In mine 
work, there are often two cars running on two tracks (pos¬ 
sibly using a gauntleti thus doubling capacity and avoid¬ 
ing waste of power req’d to hoist one unhalanst car. The 
inclination of the cable requires the use of sheavs or rollers 
all along the slope, spaced suff’y close to keep the cable 
from dragging on the ground or ties. 
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Assistance to Track* on heavy grades may be given by a 
winch or drum hoist, a cable from the drum being hookt to 
each truck to be handled on the grade which may be as 
high as 35% or 19°, without danger due to slippery surface. 
This may be useful in removing mat’l from a building exca¬ 
vation. It is an. old device formerly used to assist horses 
with wagons or men with wheelbarrows up grades entirely 
too steep for them alone. 


3.0. TROLLEYS, TRAVELERS 

See section 1.58. 


4.0. CABLEWAYS 

Where there is need to transport mat’l further than can 
be done by “throwing the bucket” of a crane, the crane may 
still be used by stringing a stationary or “standing cable” 
or “track-cable” from the end of its boom to some distant 
anchorage. On this cable run the wheels of a trolley or 
carriage, much as a car runs on a track, tho the load hangs 
below. This is largely used for operating scrapers. 

4.01. From this a great variety of forms has been de¬ 
velops only the more usual ones being described below. 
There are two main types, (1), sec% 4.1 and 4.2, that in 
which the supporting cable is stationary, and the load is 
carried by a carriage running on wheels on the cable, and 
is propeld by a second moving cable, and (2), sec 4.3, that 
in which the supporting cable moves continuusly, and to 
which the carriages are attacht. Nomenclature has become 
very vague and varied, and altho we mention the more cus¬ 
tomary names, we shall in general use those names which 
are the more naturally descriptiv. 

4.02. Utility. For utilities of special types, see "Util¬ 
ity” under each type described below. In general, cable- 
ways are often valuable for the excavating, transporting 
and depositing of earth, coal, ore, concrete, or other mat’ls. 
Except where moveable towers are used, irregular topog- 
rafy is no obstacle, it being perfectly practicable to cross 
deep valleys, canons, marshes, swamps or bodies of water 
(see Dredging, p 581r, para 28); and for handling mat’ls as 
timber, steel, concrete, etc, in building bridges, dams and 
other long structures. There need be no interference with 
highways, RRs, or water traffic. For moderate dists and 
loads, espec’y where a constant delivery of mat'ls is req’d 
over very rough country, the cableway compares very fa¬ 
vorably with a RR and usually has many advantages over 
it. It requires a min rt of way (towerg being placed on 
property lines where possible), and much less mat’l for 
“track”, no earthwork, and no bridges (being itself a kind 
of suspension bridge of max simplicity*). Usually hor cur¬ 
vature can be avoided. Weather has practically no effect 
on transportation. 


• For example, a single-span cableway may be elaborated 
into a suspension bridge, carrying track and dump trains 
out on it for constructing an earth fill. 
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4.1. Tower Cableways 

In, Figr 10 the span is shown very much shorter than it 
usually would be. To enlarge the range of the rig outlined 
above (in 4.0), the crane or hoisting engin, E, may be built 
into a tower called the “main tower”, M, and the track 
cable, C, stretcht from it to a *‘tull tower”, T, which is 
usually much smaller, so as to give a grade to the cable, so 
that the carriage may run in one direction by gravity. 
Then, for transporting, only one traction cable is needed 
from the engin to the carriage. But where suff grade can¬ 
not be obtaind, the traction cable must consist not only of 
this ‘‘inhaul” cable, I, but also of an “outhaul” cable, 0; 
thus forming a loop of cable betw the two towers, with the 
carriage, K, cut into the loop. This, too, is largely used for 
handling scrapers, when the inhaul cable may be called the 
'‘drag-line” and the outhaul cable the “back-haul line”. 

4.11. Hoisting and lowering the load is sometimes ac- 
complisht by pulling up or slacking off on the standing 
cable; and the device is then known as a “slack-line cable- 
way”. But more usually, another line, called a “hoisting 
line”. H, is provided from the crane to the carriage, thru 
which it runs over a sheav down to the load (and usually 
under another sheav and back up again to the carriage). 



Fig. 10. Cableway 


4.12. Where the grade is sufficient, and the load is to be 
taken on or dropt off at one point for some time, one cable 
may serv as a combined traction and hoisting line, by at¬ 
taching a block to the standing cable, to stop the carriage 
over the required point. The block may be shifted from 
time to time as required. However, the use of separate 
cables affords a more flexible tho more expensiv installation. 

4.13. Rope- or Cable-trolley* or Fall-rope Carrier*, F , are 
often employd to support one or more of the cables and to 
prevent the several ropes from fouling each other. Each 
consists of a light frame, with a wheel at its top, which 
may run on the standing cable, and thru which slide the 
other ropes or cables. Sometimes they run on an additional 
line of their own, called a “trolley rope” or “button rope,” 
carrying stop-buttons of graded sizes tor spacing the trol¬ 
leys, of which there may be a string of 6 or more. In some 
cases they are connected with each other by chains, N, 
which sag between them, so that they tend to space them- 
selvs equally. 
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The equipment described above (4.1 etc) can serv only a 
very narrow aiea, limited in width by the extent to which 
the hanging: load may he deflected by one means or another. 

4.14. To Serve a Small Area* varius devices arc used. 
For coal piles and similar limited areas, the towers are 
sometimes mounted so as to oscillate on rockers, so that 
they may be tilted at right angles to the cables, thus serv¬ 
ing an area perhaps 25' or 50' vide. 

4.15. For Larger Arens the towers may be mounted either 
on wheels running on tracks at rt angles to the cables, or 
on caterpillars. Tlie "width” and "length!’ of the area seivd 
may then become interchanged, the tables stretching across 
the width, and the towels moving paralel with each other 
along the length. Where tracks are used and the area is 
great, it becomes economical to use a limited length ol 
track and shift it as progiess is made, either by hand or 
by small crane. Where caterpillars, sec 1.56, are used, and 
the installation is heavy and the ground soft, it may be 
netessary to provide corduroy roadways, and these then 
must be shifted. Kadiul cableways serv a sector, the tail 
tower being aitanged to tracers a portion oi a circle on a 
permanent track. 

4.17. Utility. See also sec 4.02 When the towers arc 
fixt in position, they may serv only a very narrow area. 
When the ground is fairly level, and there is a large aiea 
to be servd, moveable cableway towers are coming into 
extensiv use, especially on the Mississippi K; but the equip¬ 
ment is too costly to be profitable where only a eornpara- 
tivly small area is to be servd. 

4.1K. Dimensions. Head tower his range from 75' or less 
to 125' or more; tail towers, 25' to 50'. Spuns of a few hun¬ 
dred ft may be used for scraper outfits having no towers. 
With towers, spans ol 1000' to 1500' aie not unusual, a span 
of 2295' having been used on the Hetch Hetchy project 
(Eng News-Rec, ’29 May 16, p 793): and another of 2700', 
carrying 20 tons, using four 2" cables (Eng & Contr, ’29 
Sep, p 368). Standing cable diams should be computed from 
span, sag and load, but run from 1" to 3". Other ropes for 
traction, hoisting, etc, are usually about 1" diam or less. 
Their size should he kept as small as consistent with haul¬ 
ing stress, to minimize wear over sheavs. 

4.19. Capacities. Where bncJkets are used, their capaci¬ 
ties may be from 5 to 10 eu yds or mote. Loud* of 15 tons 
are quite practicable. A cableway of 1200' span at the 
Hoover (Boulder) dam could handle 150 tons (Eng News- 
Rec, ’32 Oct 6, p 408). Traction cable speeds of 300 to 500 
ft/min (3% to 5% mi/hr) are usual, tho some have run as 
high as 1500'/min. On levee work, tower excavators have 
handled from 150,000 to 200,000 eu yds per mo, during 
season. 


4.2. Aerial or Cable Tramways 

(with stationary supporting cable), are. the next develop¬ 
ment where it is desired to transport mat’ls over greater 
dists than can be negotiated by one span. In this type, the 
standing cable is supported on intermediate towers as well 
as by the end towers, placed at suitable Intervals of several 
hundred ft to around 3000'. In order to inereas the ca¬ 
pacity of the installation, a number of carriages or carriers 
is used, each running on the standing cable, and attacht 
either permanently or by means of grips to the traction 
cable. Loading and unloading may be accomplisbt by any 
one of a number of devices too numerus to detail here. In 
some cases the carriers are. attacht or detacht from the 
traction cable, and run off from, or on to the standing cable. 
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in others, each carrier remains permanently attacht to the 
traction cable, and is servd as it passes loading stations by 
an auxiliary carrier, which runs along in paralel a dist suf¬ 
ficient to load or unload, and which then backs up to serv 
the next carrier, being itself loaded or unloaded by any 
one of a number of means. 

4 . 21 . Such cable tramways must nec’y be “double-track”, 
having two standing cables, usually 6' to 10' apart, with a 
complete loop of traction cable, lor the return of the car¬ 
riers, and the ends of the standing cables must lead to and 
from mono-rails which gide the carriers around a half 
circle back to the other standing cable for the return trip. 
By such mechanism, hor angles in the alignment may be 
establlsht, tho the speed should then not be over 400 or 
500 ft/min*. 

4.2.%. rtility is much the same as described in secs 4.02 
and 4.1 relating to flxt towers, except that loading and un¬ 
loading can take place only at points along the line, and no 
area whatever can be seived. But lengths of five miles are 
entirely practicable, and there are many installations over 
10 miles long, and up to 15 and more. When the length of 
a traction line is so great as to be cumbersome, other sec¬ 
tions of traction line may be added almost indefinitly, the 
carriers being automatically dctaeht at the end of one trac¬ 
tion section, then coasting a short dist on a monorail to the 
next section wheie it is tiansported by the next traction 
- able, each cable being driven by a separate motor. Grades 
up to 20 and 40% are usual, and 85% has been attamd, and 
a moderate amt of cur\ature is quite practicable. 

4.2B. Capacities in tons per hour are independent of length 
ot cableway, but are approx proportional to speed of trac¬ 
tion cable, numbei of carriers on the line, and the capacity 
of each carrier. Speeds range from 300 to 600'/min; the 
spacing of carriers from 150' to 500'; and the capacity of 
carriers from 5 to 10 cu ft, or 600 lbs to 3500 lbs; and the 
resulting load per hour from abt 5 or 10 tons to as much 
as 250 or 300 tons. 

4.27. Horse-Power required depends on diff of elevation, 
loads and speed, but is usually light compared with a RK, 
ranging from 5 or 10 to 100, and averaging around 50. 

4.28. Crews required are comparatively small; 3 or 4 men 
for small installations, up to 10 or mote for larger ones. 


4.2. Moving or “Single” Hopeway 

‘‘Single” refers to a cableway in which one cable moves, 
and does both the carrying and the hauling. Like cable 
tramways, sec 4.21, they are “double-track”, not “single . 
Their use is common in Europe, and rather rare in the 
U S. They are simpler, and cheaper to instal but they call 
for an exceptional tope, for as the size Is inereast to sup¬ 
port the load, the bending stiesses over the sheavs become 
serius, and such ropes .wear out quickly, increasing main¬ 
tenance costs. Hor angles are hardly practicable. There is 
inereast difficulty keeping the line taut, and in designing 
clips to attach the carriers to the rope so that there will be 
no interlerenee with the carrying sheavs, and this precludes 
the use of grades much over 30%. Economic capacities run 
from 50 to 100 tons/hr*, each carrier taking from 100 lbs 
to 800 lbs or more*. Speeds up to 450'/min.* 


•Aerial Tramways, by F C Carstarphen, ASCE paper 
No 1675. 
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5.0. CONVEYORS 

In this section we treat only of “continvus conveyors” 
which deliver material continuusly, or practically so; and 
do not include cranes, hoists, cableways and vehicles, which 
are intermittent in their action. 

Utility. The conveyors most useful to the C E are the 
belt and bucket conveyors. Their fields of application over¬ 
lap somewhat, belt conveyors being of max use for hor or 
nearly hor movements, since mat'ls cannot be handled by 
them on very steep grades. Bucket conveyors also can 
carry mat'ls hor’y, bnt their chief usefulness lies in vert 
movements or those too steep for belt conveyors, or where 
it is desirable to transport, by the same machine, vert’y as 
well as hor’y. It is not possible to have hor angles in the 
line of movement of either type. See also under “Utility” 
under each type treated below in sections 5.1, 5.2, etc. 

5.1. BELT CONVEYORS 

See also “Belt Conveyors and Belt Elevators” by Frederick 
Hetzel, publisht by John Wiley & Sons, New York, N Y. 


T 



Fig. 11. Belt Conveyor 


5.11. Construction 

A belt conveyor, Fig 11, consists primarily of a continuus 
belt, B, hor or somewhat inclined, the two halves traveling 
in opp directions over rollers, K, or idlers spaced closely 
enough to prevent troublesome sag of the belt betw them, 
and driven by power applied to a drum, D, around which 
the belt passes at one end. The upper half of the belt 
carries the mat’l to be transported, and the lower half re¬ 
turns empty. The illustration shows a very much shorter 
conveyor than usual. 

5.111. The Belt, B, is usually of cotton or canvas fabric, 
coated with rubber, the two being in different proportions 
according to the servis req'd. Plain cotton belts are of use 
only in dry locations and for light work. The function of 
the fabric is to prevent stretching, and that of the rubber 
to protect the fabric from dampness, chemicals, gases, 
abrasion, etc. Belts are not as durable as buckets, but 
generally much cheaper. They are made in varius thick¬ 
nesses up to 10-ply, and in widths (varying by 2*) from 
12" to 60", the more usual being 24" and 36", and are used 
in conveyors up to 1000' in length (the belt being double 
that, counting the return half) altho the usual limit of 
conveyor length is more like 800' or less, two or more belt 
conveyors being used in tandem where greater diets are to 
be coverd, the first delivering to the second, and so on. 



CONVEYOES. 


580m 


5.112. Idler** or Roller*, R, used to support the belt, are 
usually of metal, cylindrical under the returning belt, but 
under the upper or delivery half, they may be concaved 
somewhat, (now practically obsolete) so that the belt forms 
a trough to prevent the mat’l from being shaken, off. The 
ends of the idlers, being of larger diam than the center, 
travel faster, and cause rubbing against the belt, which 
hastens wear. To overcome this, the idlers are usually 
made up of from 3 to 5 or 6 short rollers, the central ones 
being hor, and the end ones being tilted 20° to 45° from the 
hor’l, so as to form the desired trough in the belt. The 
Waring* of the idlers are very important, especially if abra- 
siv mat’ls are handled. They are preferably ball- or roller- 
bearing, self-oiling, and carefully designd to exclude mat’l 
falling from the belt. An idler which fails to rotate, causes 
rapid wear of the belt and of itself, wastes power. 

5.113. Drive. It seems best to have the driving drum, 
7), at the unloading end, for then the max pull need not be 
transmitted thru the returning belt. It may be faced with 
rubber to minimize the pull nec’y to maintain, suff friction. 
The tension may be controld by screw take-up* adjusted by 
hand from time to time, which may be suff for compara- 
tivly short machines. For long ones, a sliding take-up 
which maintains constant tension by means of a weight, 
seems preferable. 

5.114. Loading. The belt may be quickly damaged by 
violent loading. The mat’l should be deliverd to it in its 
direction ol movement, in small pieces and with min drop, 
and a steel plate under the belt at that point may be of 
help if heavy chunks are likely to be deliverd to it. 

5.115. Unloading. No special device is needed for un¬ 
loading, if it is to take place at the end of the run, the 
mat’l merely falling off as the belt curvs around the driv¬ 
ing drum. However, tripper*, T, are of great value where 
it is desired to distribute the mat’l over a long line. The 
tripper is a car running on rails, L, lengthwise of the con¬ 
veyor, with two principal idlers or rollers, over which the 
delivt iy belt is drawn down and back under and then bent 
forward so as to resume its course. The mat’l falling off 
the belt passing over the first roller is caught by an in¬ 
clined apron or trough, A, at rt angles to the belt and is 
thereby deliverd to one side of the conveyor. One of the 
rollers is geard to the wheels of the tripper, so that the 
tripper is causd to move slowly longitudinally, thus deliv¬ 
ering the mat’l along the side of the conveyor as far as the 
tripper is arranged to run. At the end of each run, it en¬ 
counters a stopping device, not shown, which causes it to 
reverse and return. A Di*charge Sweep, consisting of a 
scraper placed diag’y over the belt, may be used in place 
of the tripper to unload mat’l before it reaches the end, but 
its position must be continually changed by hand unless the 
unloaded mat’l can be tolerated in piles instead of being 
evenly distributed. 

5.110. Mounting. The idlers must of course be mounted 
on something constituting a frame. Often, a metal truss is 
provided; sometimes, if the installation is fairly permanent, 
wooden stringers on posts or piles are used. 

5.117. Stacker*. To cover an area, the truss or frame be¬ 
comes a boom, and is either pivoted at the lower or loading 
end, while the delivery end is arranged to swing hor’y (as 
well as being adjustable vert’y), or it is mounted on crawl¬ 
ers or tracks. An example of this was used on the intake 
canal of the Beauharnois power project, Quebec, in which a 
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36" belt conveyor was carried on a truss boom 106' Ions, 
pivoted from the base <>t a gantry 40' long, running- on track 
of 32.5' gage, for the placing of rip-rap with a max size of 
14". (Eng-News Hoc, 32 Sep 8). Rooms range botw 50' and 
135' in length. Smaller stackers designd primarily for mo¬ 
bility, are known as Portable Loadeis, see sec 5.3. 


5.118. “Elephant Trunk” Spouts, fed bv funnels under 
the delivery ends of conveyors, made of flexible canvas or 
similar mat'l, are often convenient for the placing of con¬ 
crete within a limited area without moving the entire 
machine. _ 

5.12. Operation » 


The speed at which the belt is operated is usually betw 
300 and 600'/min. Belt running out of line may be partially 
corrected by reducing the troughing, and also by setting 
the idlers a few degrees off from a rt angle with the belt. 
Other remedies are objectionable. (Iletzel, Belt Conveyors). 

Lubrication of idlers is important, and if not self-lubri¬ 
cating, regular times should be establisht for lubrication 

Remote Control may be employd where two or more con¬ 
veyors are used m tandem, delivering from one to the next, 
preferably interlockt if there are many conveyors, so that 
no one conveyor will deli\er to another which may not be 
running. 

o.l3. Capacity and HI* 

The following table is computed and averaged from fig¬ 
ures given by Link Belt Co, Materials Handling Cyclopedia, 
and Marks’s Mech Engr’s Hand-Book, assuming speed of 
belt as 500'/min and \vt of mat ! 50 lbs cu ft 


Width of belt, inches 
Capacity, cu yds/hr.. 

“ tons/hr . .. 
HP per 100', level... 


12 

2 1 

36 

18 

85 

340 

790 

1100 

115 

465 

1050 

1X50 

2.0* 

8.4* 

15.7* 

25. 


If mat’l is raised, add’l HP is tons/hr X ht lifted in ft 

-r 1000. 

5.14. LtUlty 

Belt conveyors are of use chiefly for transporting granu¬ 
lar mat’l hor’y or up moderate grade*, 15° to 20°. This may 
be increast somewhat by adding cleats to the belt. In one 
case, aggregate was reported as carried up a 32° grade. 
The materials may be coal, coke, sand, gravel, ore, earth, 
cement (bulk or bags), concrete, and other mat’Is, such as 
grains, usually handled in fixt installations in bldgs. Hot 
or wet ashes will injure the belt. With concrete and other 
somewhat adhesiv mat’ls, it may be nec’y to employ scrap¬ 
ers or ‘‘discharge sweeps” placed diag’y over the surface 
of the belt at the discharge point 

Outfits for handling package* are similar to those for 
granular mat’ls, with a few diffeiences, but are usually 
permanent installations in bldgs. 


5.15. Examples 

In delivering concrete for the construction of a Sewage 
treatment plant at Ward’s Island, New York, four 24" rub¬ 
ber belt conveyors were used, aggregating 1X65', three of 
them with trippers arranged to deliver cone at any pt 
thruout their length. (Eng News-Kec, ’32 Nov 3). 

In the construction of the Merchandise Mart in Chicago, 
44 portable conveyors were employd, using cleated belts 
with effectiv lengths of 40' to 60', running 250'/min, each 
delivering abt 1 cu yd of cone per min. (Eng News-Rec, 
’29 Sep 12). 


*F V Hetzel’s “Belt Conveyors and Belt Elevators" give* 
HP as about half these values. 
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In the construction of the 100' X 2200' roof of a subway 
in St Louis, Mo, 8 portable belt conveyors were used, 26' c 
to c, totaling over 200', having 24" belts run at 150'/min, 
handling abt 30 cu ft/min at angles up to 20°. 14 men in 

attendance. (Eng-Contr, ’31 Aug). 


5.2. BUCKET CONVEYORS 
5.21. Construction 

In the bucket conveyor, buckets are arranged in a con- 
tinuus series, mounted on one or two chains, or on a belt. 
If the run is vert and short, they move without any gides, 
but if inclined, the part that is rising travels on gides or 
rails, and the part that is descending may hang freely, altho 
long runs of a story or more in ht usually need to be gided, 
both up and down, as they may get to swaying badly. Much 
or most of the run may be hor, when tracks are provided 
lor both directions. The chains pass over sprockets at 
each end, and wherever there may be changes in direction. 

5.211. The Buckets are usually malleable iron castings, 
or made up of sheet metal; usually V-shaped seen from 
the side, with the upper end of the V open and up during 
tarrying movements. They range in size from much less 
than 100 cu ins contents to 1000 or more, the open ends 
having areas from less than 25 sq ins to 100 or more. 

5.212. Chains. Usually there is one linkt chain on each 
side of the row of buckets, and the buckets are attacht to 
them, as are also the rollers or flunged wheels which run 
on the gides or rails. The joints are the critical parts of 
the chain because of wear, and should be well designd and 
of hard end mat’], with good provisions foi oiling. 

5.213. Drive. The chains of buckets may he driven by 
power applied to one of the sprockets at the end of the run. 

52214. Loading is aceomplisht by thiowing the mat’l to 
be transported into a pile or into a trough, “boot” or “hop¬ 
per”, or pit at the lower end ol the imi, the buckets digging 
into the mat’l and lifting it as it accumulates. 

5.215. Unloading is aceomplisht in either of two ways. 
(1) In the “centrifugal” method, speed is maintained suff 
to throw the mat’l from each bucket at the top of the run 
far enough out to prevent it from falling back onto any 
part of the conveyor, the mat’l being caught in an apron 
or trough, or falling directly onto the stock pile or embank¬ 
ment or other place where it may be wanted. (2) In. the 
“perfect” oi “poKltiv” discharge, the buckets are pivoted to 
the chains, and a tripping device, set at the place for un¬ 
loading, causes them to tilt and drop their loads at that 
point. These trippers may be shifted to change the point 
of discharge as desired. 


5.22. Operation 

The speed of the chain of buckets is from 150 to 400'/min 
lor "centrifugal” unloading, and from 75 to 150'/min for the 
“perfect” or “positiv” discharge, the speed of the latter 
being kept low on account of the impact of the tripper. 
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5.28. Capacity and HP 

Authorities disagree so widely on these figures that it 
seems useless to say more than that on account of the lower 
speed and greater wt of moving parts, the capacities of 
bucket conveyors, are generally markedly less and the 
HPs higher per ton/hr, than those of belt conveyors. 

5.24. Utility 

Being a much more cumbersome machine than the belt 
conveyor, installations are seldom more than a few hundred 
ft long, and the rise is limited to aboi^t 150'. However, it 
is only where the grade is less than 15° or 20° that the belt 
conveyor can be used in place of the buckets, which are 
well adapted to handling coal, ashes, cement and water, and 
are largely used for such work in permanent installations. 
But see below, 5.3, Portable Loadeis. 

5.3. PORTABLE LOADERS OR CONVEYORS 

5.30. Fig. 12. These units are simply self-containd con- 
tinuus conveyors, belt or bucket type, of comparativly small 
dimensions, with sufficient lift to load mat’ls into trucks, 
T, and mounted so as to be moved readily from place to 
place, and so as to be fed against a pile of mat'l, E. 



5.31. Construction 

does not differ greatly from that of the conveyors described 
in secs 5.1 and 5.2. 

5.318. The Drive is part of the machine and takes its 
power from the motor, M, provided. 

5.314. Loading is accomplisht with the belt machines by 
loading onto the belt at its lower end, by shoveling or from 
hoppers, or from another belt or bucket conveyor. The 
buckets, B, of bucket conveyors, Fig 12, can receiv mat’l in 
the same ways, but have the advantage that the faces of 
the buckets can be gradually advanst against a pile of 
mat’l, E, or even against light earth in place. To gather 
together the sides of the pile, and not merely dig a channel 
thru it, “paddles’ 1 , P, are frequently provided at the two 
sides of the foot of the conveyor, on a shaft at rt angles 
to it, of propeller type, or as a ribbon in the form of a 
helix. Sometimes they carry cutting tools of varius kinds 
to assist in breaking up fairly hard mat’l. 
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5.315. Unloading: is similar to that of largrer conveyors, 
but always at the upper end only. 

5.316. Mounting:. Where belt conveyors are to be used 
in the same place for considerable periods of time, they are 
often mounted on a pair of wheels with wide treds. The 
bucket conveyors, however, are now (1937) almost always 
mounted on crawlers or caterpillars, which makes it possible 
not only to move them readily from job to job or from 
place to place, but also to feed the machine against the pile 
of mat'l to be handled. 


5.32. Operation 

The Speed of the belts in portable conveyors is from 150 
to 250'/min, and of buckets from 100 to 135'/*nin. 

The entire unit can usually be handled by one man, tho 
other men may be req’d to keep it properly fed. 


5.33. Capacity 

of portable belt conveyors may be from 10 to 50 cu ft/min, 
while portable bucket conveyors may handle from 20 to 80 
cu ft/nnn. HorNc-power required for bucket machines, 
from 2 to 20 and more; for belt* somewhat less. The belt 
conveyors for loading trucks are at a disadvantage because 
the low angle necessitates a greater length and cumber¬ 
someness to obtain the req’d height. The weight* of belt 
machines run from 2000 lbs to 8000 lbs, and of bucket ma¬ 
chines from 1000 lbs to 6000 lbs. 


5.34. Utility 

is much the same as for larger conveyors as regards mat’l 
handled. Iiecehtly wet concrete has been handled very 
successfully. As with the larger machines, the angle of 
the belt conveyor is limited to about 20°. Both belt and 
bucket portable conveyors have proven very useful on ac¬ 
count of their mobility, and are very largely used in con¬ 
struction work. 


5.4. APRON OR PAN CONVEYORS 

5.41. Construction. Instead of a series of buckets, there 
is a series of steel plates 18" to 72" wide, carried by chains, 
and arranged so as to overlap while carrying, forming an. 
almost continuus surface. The surface or apron thus formd 
often moves betw longitudinal stationaiy vert plates along 
each side, to increas capacity. 

Loading is done much as in other conveyors, care being 
taken that large chunks do not fall heavily on the plates. 

Unloading, on account of the ridges and side plates, can 
be done only at the end of the carry. 

5.42. Operation Speed* range from 50 to 757min or more, 
tho sometimes very low speeds are used, as where coal is to 
be fed at a low rate ior boilers. 

5.43. Capacity ranges from 40 to 400 or 500 tons/hr for 
mat’ls of 50 lbs/cu ft, depending chiefly upon the width of 
the apron. 

5.44. Utility is limited to mat’l not so finely divided that 
it may fall thru the joints betw the plates as they pass 
over sprockets, or betw the plates and the vert side pieces; 
nor must the mat’l be adhesiv. By providing a transvers 
ridge at the edge of each plate, marl may be carried up 
grades as high as 30°. 
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JUS. SCRAPER OR FLIGHT CONVEYORS 

are similar in construction to the bucket and apron con¬ 
veyors, except that the mat'l is pusht along by “flight*”, 
scrapers or pushers, spaced from IMP to 3', which are 
merely vert plates of wood or steel, attacht to and pulled 
by a chain, that fit loosely into a trough. The flights may 
be cither in contact with the trough or may he suspended 
slightly to reduce friction. The chain and flights run on 
gides or tracks suitably mounted. Lnlondlng may be ac¬ 
complish at any point along the trough by providing a 
gate or trap-door in the trough, or at the end. They are 
built in lengths up to several hundred ff. The speed of the 
chain is usually around 100 or ir.O'/min. Capacity, approx 
number of tons per hour — two-thirds the area of a flight 
in sq inches. The utility is limited chiefly to non-abrasiv 
mat’ls such as coal and ashes at grades not over 45°. 


5.6. SCREW, HELICOID.!!., OR “SPIRAL’* CONVEYORS 

Such a conveyor consists of a hor or inclined shaft, ti.\t 
in position, to which is attacht a metal helicoidal blade, all 
forced to revolv in a tiougli of the same length. 8' to 1" 
long. Loading is done by throwing the mat’l around the 
lower or intake end of the s< rew. 1 nlonding may he done 
as in flight conveyois. Capacities as tollows,— 

Diam of screw, inches ... . 

Approx speed, rev/min. 110 

Cement, bbls/iu. 

Coal, tons/hr. 

Sand, cu tt/hi .ISO 

Approx HP leq’d for sand. 


7 

9 

12 

16 

110 

100 

90 

80 

f>7 

132 

300 

670 

6 */2 

16 

36 Ms 

So 

ISO 

420 

930 

2000 

2*h 

5 Ml 

12 Ms 

25 


Utility. In addition to handling grains and the like, the 
screw conveyor can handle cement, c<Jal, sand, gravel and 
ashes, provided lumps are not over 1" across, on grades up 
to 15° to 20°. The handling of sticky mat'ls may be facili¬ 
tated by the use of a helicoidal metal ribbon providing an 
open space near the shaft, while a great variety ot forms 
of paddles, propellers, or ribbons, aie used for mixing sev¬ 
eral mat'ls, while transporting. With ahrasiv mat’ls, wear 
is excessiv. 


5.7. PNEIMATIC OR “Cl RRRN’T” CONVEYORS, 

in which finely divided materials are conveyed thru pipes 
by the movement of air currents, aie of three types; (1) the 
pressure or blast system, (2) the vacuum or suction system, 
and (3) vacuum and pressure combined. 

5.71. In the pressure system, the mat’l is introduced into 
the pipe by an injector by a blast of comprest air, and is 
blown out of the other end of the pipe into the bin or place 
in which it is wanted. 

5.72. In the vacuum system, the mat’l is suckt in by 
means of a partial vacuum produced at the delivery end of 
the pipe. The mat’l is earned along the pipe and enters a 
large chamber which reduces the velocity sufficiently to 
permit it to fall to the bottom. 

5.73. In the vacuum and pressure system, the mat'l is 
suckt in thru a nozzle and travels thru a pipe to one or 
two large chambers, where the mat’l settles. If only one 
chamber is used, a rotary or alternating air-trap is provided 
at the base, which feeds the mat’l from the chamber with 
partial vac to another chamber under pressure, from which 
the mat'l is blown thru the delivery pipe to the place where 
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it is wanted. Where two chambers are employd, they are 
causd to alternate their functions of receiving the mat’! in 
partial vac, and of blowing it thru the delivery pipe under 
picssurc. 

r*.74. The intake end of the nozzle may be carried by a 
uane or deriick which can lower it into the bin or ships 
bold from which the mat’l is to be taken, and move it 
aiound until all the mat’l has been suckt up, or the nozzle 
may be on a length of hose or flexible pipe which may be 
moved about by one man. 

5.70. Utility. In general, any fine or powdery mat’l can 
be handled if not sticky or friable, such as grain, certain 
chemicals, fine coal, ashes, lime or cement. Pneumatic con- 
\eyors are distinctly inefficient as regards power consump¬ 
tion, but they arc by far the easiest type of long haul con¬ 
veyor to mstal or shift fiom place to place, delivering as 
lar as 500' or more, requiting only pipes as conveyors, and 
one man at each intake nozzle. They serv very well in 
unloading box cars containing cement in bulk, effecting 
« omplcte clean-up. 

6.0. VEHICLES 

0.02. Classification. We find a very great variety of 
combinations of machines and devices. Indeed, the prac¬ 
tising engineer may often devise other new and useful com¬ 
binations. 

From 6.1 to 6.3 incl (wheelbarrows, caits and wagons), 
we treat of vehicles utilizing hand or animal power only; 
and from 6.1 to 0 7 incl, (automobiles, trucks, tractors, 
trailers, cars and loconiotivs), those employing such power 
as steam, gasoline, oil, etc. 

6.1. WHEELBARROWS 

See also p 10-7, Art 10, and p 1034, Art 15. 

• 

O.JI. Construction, dimensions, etc. Wooden wheelbar¬ 
rows weigh abt 50 lbs each, and aie not very durable. Steel 
bairows, with trays of slampt steel, some with wooden 
handles and frame, weigh from 65 to 90 lbs each. Aluminum 
alloy barrows weigh abt 35 lbs, the saving in wt over steel 
barrows making poss the addition of Horn 30 to 55 lbs of 
load earned. Wheels are usually 15" in diam. tho some are 
as large as 18". The linger the wheel, the easier the rolling 
over rough ground, but the lit of the load becomes objec¬ 
tionable. Some barrows are equipt with pneumatic tires, 
arid are claimd to require no plankways. The man wheeling 
a bai row may have to hold fiom 1/5 to 1/3 the load. 

«.12. Capacity. Harrows are built to contain from 3 to 
6 or even 8 cu ft of material, but in practis the amt earned 
depends chiefly upon the wt of the mat’l. Only 1% to 1% 
cu ft of concrete can be carried, or 3 to 2% cu ft of earthy 
mat’ls, equivalent to abt ISO lbs, tho some authorities allow 
3 or even 4 cu ft. 

0.18. Utility is confined to short hauls of a few hundred 
ft, and to small quantities, and to cases where more efficient 
equipment cannot be employd. Harrows must be expected 
to receive very hard treatment, so that cheap ones are very 
uneconomical. 

6.14. Operation. It is usually nee’y or very desirable to 
provide plankways 2" thick and as wide as obtainable. If 
practicable, it is best to arrange the work so that the bar- 
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row may be dumpt from the side. Time is saved if the 
barrow is not reverst and only the man turns around at 
the end of the run. On a heavy grade, a horse may some¬ 
times be employd to assist by pulling with a rope. 


6.2. CARTS 

may be of use when power trucks or tractors and trailers 
are not available. Three types have predominated, as 
follows;— 

6.21. Those referd to on pp 1024 et seq have wooden 
wheels 5 or 6 ft in diam, wide steel tires,'a wooden box body 
with a cap of from 18 to 27 cu ft, pivoted at the middle of 
its base for dumping from the rear by withdrawing a 
locking-bar, the frame being provided with two shafts for 
a horse. 

6.22. Push-Carts or Concrete Buggies now (1937) avail¬ 
able for transporting concrete, coal, coke, earth, etc, for 
short dists, have steel wheels from 20" to 40" in diam 
(some pneumatic tired), with a steel body with capacity of 
6 to 11 cu ft, and a handle for operation by hand, the body 
being so pivoted as to be readily tipt forward for dumping, 
with feet at the rear for keeping it level when standing. 

6.23. The pick-up cart consists of two wheels from 4f>" 
to 60" in diam, 3" tires, with an axle bent like an inverted 
*‘U M , to the top of which is rigidly attacht one end of a 
long lever, with a hook on each end. It may be of use in 
picking up and transporting heavy objects (up to 5 tons) 
such as pipe. By raising the free end of the lever, the 
other end is lowerd. The object is then attacht by rope or 
chain, and lifted abt a ft from the ground by pulling 
down on the free end of the lever, when it may be moved 
about over fairly even ground 


6.3. WAGONS 

Like carts, jvagons pulled by 2 or 3 horses may be of use 
where power vehicles are not available. They were used 
with satislaction by the Miami Conservancy District (report 
of 1925, p 236) over loamy silt or light sand, where power 
trucks had trouble, especially when the ground was wet. 
Speed, abt 240'/min = 2%mi/hr. 

Ordinary wagons are inefficient because the material 
hauld must be shoveld out. Dump wagons have been built 
of varius types; those with a floor of removable long’l 
wooden bars, called pole wagons (which must be stopt to 
unload); with hopper bottom, and with body tipping back¬ 
ward like a dump cart. 

Capacities range from 1 J 4 to 2 cu yds. 

See also section 6.6, Trailers. 


6.4. AUTOMOBILES 
6.41. Passenger 

automobiles are generally too well known to warrant de¬ 
scription here. 

For Tires, see sec 1.55. 

6*411. Cost ol Operation, as determined by many who 
have made records of experiments and regular use, appear 
to vary widely betw 3 and 13 c/mi. Much of the variation 
is due to use of autos on different kinds of roads, and to 
diff speeds, but much is nec’y due to the combination of 
time costa (such as garage, interest, insurance and lisences) 
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with distance costs (as gasoline, oil, tires, maintenance and 
depreciation). Depreciation, taken as diff betw buying 
and selling costs divided by mileage coverd, may be from 1 
to 3 c/mi. Taking depreciation as 2 c/mi, the total expense 
due to dlNtunce over high-grade roads, as given by varius 
writers, usually ranges within 4% to abt 5 c/mi, gasoline 
consumption being taken as from 1 to 1.6 c/mi. The ex¬ 
penses due to times are best computed by the user, and 
when known they may be combined with the distance costs, 
resulting in a total cost of anywhere from 5% to 10 c/mi 
or more. Note that if one drives eomparativly little, say 
2000 mi/yr (or 5.5 mi/day), and has time expenses of say 
$80/yr or 4 c/mi on an average, then the cost of a trip of 
several hundred miles covering only a day or so, will be 
primarily a distance cost of perhaps 5 c/mi, instead of 
5 + 4 = 9 c/mi. 

6.412. Weight of a passenger auto may be from 2500 
lbs to 4500 lbs (1% to 2*4 tons) the more usual machines 
weighing around 3000 lbs (1% tons). 

6.413. Resistance*. Different experiments conducted by 
different persons, using diff autos, naturally give rather 
divergent results. The following table gives approximate 
figures only, for passenger autos on level concrete or other 
high-grade road, assuming front projection of auto as 30 
sq ft. 


Speeds, mi /hr. 10 

Total resistance, lbs*. 75 

Air resistance only, lbst. 6 

“ (“streamlined”) lbst 2 


25 

105 

37 % 

12 


40 60 

155 340 

96 216 

31% 71 


One stop-and-start, 

cost, centsli. 


0.056 0.134 0.215 0.330 


lload resistance. Gravel roads may be expected to increase 
cost of operation (over that on cone roads) from 20% to 
40%, according to different authorities. 

Grade increases resistance by wt of auto X sine of angle. 


6.42. Trucks 

are mfd in great variety of sizes, capacities varying by tons 
or half tons, four-wheeld trucks ranging from % to 10 tons, 
with chassis weights (without bodies) from 2200 lbs to 7000 
lbs, 6-wheeld trucks, cap lrom 1% to 12 tons or more, and 
chassis wts from 5000 lbs to 10,000 lbs. HP from 75 to 125 
and higher. 

Tires, see sec 1 55. 

6.421. Speeds. Loaded trucks ordinarily make speeds 
about equal to passenger autos over the same kinds of 
roads, except where up-grades are encounterd, but seldom 
much over 50 mi/hr. 

6.428. Utility. The ability of a truck to travel almost 
any road or fairly firm surface, without the need for con¬ 
struction of tracks, to transport widely different objects, 
and so minimize idle time, and to go usually to the exact 
spots where loading and unloading are to be done, without 
changing the load from one conveyance to another, makes 
it of great service to the C E. But its 


* Derived from data in Bull 119, Iowa Engg Expt Sta, by 
R G Faustian, ’34 Aug 1. 

t Derived from Kansas State Agr Coil Bull No 18, ’27 
Dec 25, by L E Conrad and E R Dawley. Air resistance 
varies very closely as the square of the speed. 

t Deduced from U S Buro of Standards Research Paper 
RP591. 

H Expts by T T Wiley, Civil Eng’g, '35 May, p 286. 







580ft 


contractor's equipment. 


0.420. Operation is very important. Where even small 
fleets of trucks are used, there should be men and equip¬ 
ment devoted solely to maintaining: the trucks in pood 
condition, and in maintaining temporary' roads so that they 
may be used without trouble or undue delay even in bad 
weather. On certain extensiv dam building: operations, 
fleets of scores of trucks have been used for conveying 
earth, traveling 40 mi/hr at intervals of only a few hundred 
feet. The selection of drivers is very important. 

0.4201. Costs of operation. The following are taken from 
bulletins issued by the Economic Dept of the Coll of Agri¬ 
culture, Cornell University, Ithaca, N V, and relate to trucks 
used in central N Y state. 

Averages of 43 trucks, averaging 6615 mi/vr each, 1935, 
showing effect of si*e of tiuck.— 

Capacity of truck, tons...1 |‘- 

Depreciation, fuel, oil, and 11 *pairs, o/mi -7 3.9 5.9 

Other costs, c/mi. 1.0 l.s »•*> 


Totals, c/nn. 3.7 ;>.7 

Averages of 19 trucks, 1 ton capacity* or less, 1935, 
ing effect of mileage per yeai,— 

Miles per year. 10,000 

Cost per mile, cents. 3.1 

Average of'47 trucks, approx 6 c/mi. 


5.9 

show- 

3,000 
11 5 


0.43. Dump Trucks 

are little more than ordinal> trucks with provision for 
dumping the umtuind material to the ground. Almost cvety 
possible method of dumping is available, almost always b> 
power taken from the engin. The front end may be raisd 
to as much as 70° lrom the hor, the tail-board releast, and 
the mat’l dunipt from the real. This is in some cases as¬ 
sisted by a lalse bottom, known as a kick-out pan, lying 
on the bottom of the body, so hung by chains at the lifted 
end that it swings free to an almost vert position. Or the 
body is tilted to one side oi the other, the lower side being 
releast. Some have hopper bottoms. Bodies are usually 
of prest steel. 

6.431. Horse-power provided is usually betw 75 and 100. 
Speeds were formerly kept down by governors to abt 15 
mi/hr, but are now generally unrestneted and are almost 
if not quite equal to those of ordinaly trucks. Weights 
from 11,000 lbs to 14,500 lbs. Capacities usually range from 

1% to 4 or 5 tons, and as high as 10 or 15 tons; or to 

4, 5 or 6 cu yds, and as high as 13 cu yds. 

6.435. “Dumptors” or “Iron Mules” are a special type of 

dump truck, usually of very short wheel-base, in which the 
driver sits behind the body and faces forward over it, mak¬ 
ing possible quick sharp turns within 15', and also indetimt 
revers running, as the driver has a completely unobstructed 
view to the rear. Speeds of 30 mi/hr ate claimd for some, 
tho 10 to 13 mi/hr in high gear and 3Vi to 4 in low, in 
both forioard and revers gear, seem more usual. Weight* from 
13,000 lbs to IS,000 lbs. Cnpucitle*. 5 Ms cu yds and less. 

6.44. Tractors 

The use of caterpillars or crawlers with tractors is so 
usual that “caterpillar” is often used to denote “tractor. 

6.441. Construction. The tractor is a unit of great com¬ 
pactness, combining an engin mounted on a frame carried 
usually by caterpillars, (see sec 1.56) abt o or 6 ft apart, 
(occasionally by wheels, as for farm work), with a coupling 
in the rear for pulling. 
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<(.442. Power is usually gasoline or oil or Diesel engin, 
and may range from abt 25 to 95 HP, in some cases as high 
as 125 and even 160 HP, 50 to 70 HP being the most usual 
and generally practicable. The following figures are ap¬ 
proximations from data supplied by one of the foremost 

m ^ rs ’ 1st gear 2nd gear 3rd gear 

Draw-bar pull, in lbs, largest ..22,000 15,000 13,000 

. smallest.. 1,000 3,000 2,000 

Sliced, mi/hr, average. 2 2% 4 

<1.443. Weight* iange from 5,000 lbs to over 30,000 lbs, 
11,000 lbs being abt the av. Unit «t on ground is very close 
to 6 Ibs/sq inch for all sizes, the caterpillar treads being 
so proportiond as to keep near that figure. 

<1.444. SpeedN in mi/hr — approx 0.5 -f the number of the 
gear. Thus, in 3d gear, speed = 0.5 + 3.0 = 35 mi/hr. 

<1.448. Utility is very great, becaus almost anything may 
be hitcht to a trai tor and puld. The machine can travel 
o\er almost any surface, negotiating steep grades, as was 
done by the “tanks” in the World War. A tractor may be 
used for hauling disc plows, gang plows, scarifiers, scrapers, 
graders, ditcheis, elevating gradeis, trailers (wagons or 
buggies), for logging, road grading, maintenance and con¬ 
struction, for almost any purpose* requiring a strong slow 
hor pull, even such as pulling down old structures or mov¬ 
ing buildings, and, by the addition of a blade in front, for 
bull-dozing and snow plowing. 

<1.440. Costs of operating tractors. The following figures 
are from vanus bulletins of the Economic Dept of the Coll 
of Agriculture, Cornell University, Ithaca, N Y, reporting, 
1935, on abt 70 machines, fiom 16 to 30 biake HP. Extremes 
were 25c and $1.12 pei hr, avs from abt 50 to 70 c/hr. 


0.45. Tractor Trucks 

A tractor truck is a combination of a power truck and 
“semi-trailer” carrying the load. 

0.451. The power unit consists of an automobile truck, 
comparable in wt and HP to trucks in which the body con¬ 
tains the load. The rear portion, however, is a low platform 
carrying the lower half of a vert pivot. 

0.452. The load-carrying unit, or semi-trailer, has no 
i unning wheels under its front end, but instead the upper 
half of the pivot, resting on the rear of the truck. The 
pivot is arranged to permit the truck to turn 100° or more 
hor’y either way under the semi-trailer, thus affording 
great maneuverability in spite of size, and is also arranged 
to permit tilting of the units with respect to each other 
when traversing uneven ground. Just back of the pivot, 
the semi-trailer is provided with one or two small wheels 
or other supports that are off the ground when running, 
but which, when standing, are lowerd, and bear the wt or 
the front end, so that the truck may then be removed and 
used under another semi-trailer while the first is beingf 
loaded -or unloaded. Thus one truck may serv two or more 
semi-trailers, depending upon the ratio betw loading and 
running times. These semi-traileis, having to provide no 
room for engin or cab, are made up to very large sizes 
with great capacities Since the semi-trailer delivers only 
half its wt onto the rear wheels ot the cruck (and half to 
its own rear wheels) it may have about double the ordinary 
capacity of such a truck. The added load nec’y reduces the 
speed and the grades that can be surmounted, tho air¬ 
brakes on all wheels afford almost as good control going 
down hill as the truck itself would have. 
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6.6. TRAILERS, “WAGONS” or ‘'BUGGIES” 

In many cases, trailers have been specially built for par¬ 
ticular cases, such as the 194-ton tiailer for Boulder (for¬ 
merly Hoover) dam, (Roads & Sts, ’34 Mar), and many 
others too numerus to list. These nec’y have many wheels 
under them to carry their loads, and in some of them the 
wheels are steerd by power. For carrying: long gilders, a 
trailer may consist of merely two trucks (of 2, 4 or more 
wheels each) connected to each other by the girder itself, 
which is lasht to them. Large bins for cement, aggregate, 
etc, have been mounted on wheels, that they may be towd 
from place to place (provided there is head-room). 

The usual trailers, however, have become well standard¬ 
ized, tho of many types. They should be hung low, to 
minimize chance of overturning while being towd, and to 
make it possible for elevating graders to deliver into them. 
The use of wheels (up to 8 or 16) is about as usual as the 
use of caterpillars. Capacities may range from a few cu 
yds each to 24 or 30 cu yds in the larger sizes, capable of 
carrying loads of from 20 to 35 tons. Train** of two trailers 
or “buggies” (often on caterpillars) are frequently used, 
tho more than two increases difficulty and danger of ma¬ 
neuvering. They are often or usually provided with means 
for dumping; in one manner or another. 


6.7. INDUSTRIAL RAILWAYS 

may be of use to the C E when there is much hauling to be 
done over a long fixt route, as in constructing RRs, high¬ 
ways, dams, tunnels, aqueducts, canals and sewers. In 
some cases it may be well to operate the cars by means 
of a cable, especially where grades are over 3%. Greater 
flexibility, however, is obtaind by the use of locomotivs or 
motor cars, tho grades of over a few per cent will seriusly 
limit the wt of cars that can be hauld. Electric motor cars 
have been operated by remote control over track divided 
electrically into separate sections. 


6.71. Track 

Gagre is usually 18", 24" or 36", some 42". Rail* may 
weigh almost any even figure from 8 to 20 lbs/yd, or any 
even ten pounds from 20 to 70 lbs/yd, and come in lengths 
of 20, 30 or 33 ft. Second-hand rails and ties (worn but not 
defectiv) will often serv well to construct such track, es¬ 
pecially if it is not to be used over a long time. Portability 
is usually of great importance as the work progresses, and 
light track is to be had in which ties and rails come ready 
assembled in lengths of 15 to 20 or even 30 ft, that can be 
carried by 2 or 3 men, with curvd sections, switches and 
turntables; having joints that may redily be fastend and 
unfastend. Such track can be laid on firm ground with 
very little if any grading. Ties may be of wood, but steel 
is better for portability. 


6.72. Mottv Power 

6.721. Power. Animals may sometimes be used to ad¬ 
vantage where mech’l power is not available. Steam has 
been largely displaced, as has “fireless" (steam storage), 
and comprest air power. Power now used (1937) is chiefly 
oil or Diesel, gasoline, gasoline-electric, electric storage 
battery, electric trolley or third-rail, depending upon facili¬ 
ties available. HP from 50 to 200. Speeds are not gener¬ 
ally high, 2 to 12 mi/hr for gasoline. 

6.722. Weight** of locos available vary by very small 
differences from 2 to 35 tons, up to 50 or 60 ton*. 
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6.723. Tractiv Effort. The power employ’d is usually suff 
to slip the wheels on dry rails when starting, so that the 
practical tractiv effort will be equal to the wt of the loco 
or motor multiplied by the coeff of fric. This coeff may be 
counted on in theory at least as 0.20 for dry rails, tho 0.35 
may be achievd with sanded rails; while on. wet or greasy 
rails (without sand) it may be as low as 0.15 or 0.10 or 
much less. The draw-bar pall = tractiv effort — force 
(= abt 8 lbs/ton of loco on well laid track) req’d to move 
loco. As speed is increast, the propulsiv force of almost 
any power diminishes, so that the hevier the train, the 
lower the max speed possible. What is said in sec 1.55 
about avoiding slipping applies also to steel wheels and 
rails. 

Cnutlon. A loco and train will not be able to negotiate 
a grade equal to that which the loco alone can manage, but- 
only that grade multiplied by the wt of loco alone, divided 
by the wt of loco and train. Thus, where a loco alone can 
operate on an 8% grade, it can handle a train of its own wt 
on grades of only half that, or 4%. Altho the operation of 
a loco may approach the theoretical coefs of fric, yet in 
practls a very little water or grease on a short length of 
rail may so reduce the coef there that the wheels may skid 
and the machine or train become unmanageable. 

6.72b. Operation, as in standard railroading, should be by 
careiul and competent men only. 

6.73. Cars 

for use on industrial rys may have only a platform, a box 
body, or any of a great variety of forms for handling spe¬ 
cial objects as logs, brick, ore, concrete, etc. Damp cars 
may be bottom-, side- or end-dump, and of many different 
designs. Sixes vary from 4-wheeld hand-cars up to 8- 
wheeld (two-truck) cars of standard RR type. The bodies 
are usually made of steel, prest or welded. 


0.8. TURNTABLES 

Poitable turntables have been available, with a short 
ramp on one end, onto which trucks or other vehicles may 
be lun, and then turnd around in places too narrow for the 
vehicle to turn itself, such as that half of a roadway not 
under construction. 


7.0. OTHER EXCAVATORS 

in addition to those described in sections 1, 2 or 5. 

7.1. PLOWS 

7.11. Construction. A plow consists of a pointed “share” 
which divides the earth, and above it a "moldboard” so 
curvd as to throw the earth to one side. On the opposit 
side is the "landside” which prevents the thrust of the 
share and moldboard from deflecting the plow. These are 
attacht to a frame or “frog”, to the rear of which handles 
are attacht for hand plowing, and to the front of which is 
fastend a "beam” to which horses or a tractor may be 
attacht, and to the under side of which a "gage wheel” is 
sometimes flxt to control the depth of cut. 

7.12. Types. The rooter plow or subsoil plow has no 

moldboard, is much sharper, and is used to loosen par¬ 
ticularly hard ground. A gang plow, mounted on wheels, 
carries three or more plows to cut as many furrows. In 
the disc plow a concave, edged, steel disc, mounted on edge 
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in the plane of motion, replaces the moldboard plow, and is 
especially adapted for sticky or very hard dry soils. 

7.13. Furrow* may be cut from 4" to 12" deep, in shal.v 
rock 7" or S" is about all that can be attempted. Width oi 
cut, 12" to 14" loi deep cuts, and less for shallower cuts. 

7.14. Weights of farm plows arc usually somewhat ove» 
100 lbs; while contractor's plows weigh from 180 lbs to 
430 lbs. 

7.15. Power may consist of from 2 to 12 horses, while 
some plows are rigged to be attacht to a tractor. 

See also 7.5, Elevating graders. 

7.3 HOOTERS 

A rooter is similar to the harrow used by farmers, but 
much stronger, to withstand the stresses imposed by being 
dragd by a tractor, and by deeper and harder digging to 
depths of abt 2 ft. It is mounted on a pair of wheels 
from 2 to 3 ft in diam The number of teeth is much 
smaller than in the harrow, being as high as 9, tho more 
usually 5 or 3, with provision for leaving only 2 or 1 for 
digging. Some are clalmd to be so designd as to be self- 
sharpening until worn out. A\ eights may be anywhere 
from 2500 lbs to 8000 lbs. 

Rooters seem to have their greatest utility in making 
ready ground for bulldozers (sec 7.3) and graders (7.4) 
where it is very hard oi stony, consisting of bouldeis or 
decomposed rocks. They are of use also in dislodging 
stumps, or breaking up concrete. It is clalmd they fre¬ 
quently obviate blasting. 


7.21. Scarifier* 

are similar to rooters. They consist of a scries of vert 
teeth mounted in one line on one bar, which may be used 
in place of the blade of a grader (7.4) or may be attacht 
to the rear of a road roller. Then utility lies in their 
ability to break up hardend surfaces, and to bieak off high 
spots of uneven ground. 


7.3. BILLDOZEHS, THAI LHL 1LDEHS 

7.31. Construction. A bulldozer consists of a selt-pro- 
pelling unit, usually running on caterpillars (sec 1.56) tho 
sometimes on rubber-tired wheels, powerd by gasoline or 
Diesel engin; provided with a very stiong blade. 

7.311. The Blade or Semper is of steel, oblong, mounted 
In front of the caterpillar or wheels, its longer axis hor. 
It is usually held at rt angles to the line of motion, but in 
some makes may be placed at any hor angle up to 30°, 
right or left, to throw dirt to one side, and it may also be 
tilted from the vert to better suit different kinds of earth. 
The lower side carries a cutting edge of specially hardend 
steel, while the main portion of the blade is usually more 
or less concaved to carry along as much mat’l as possible. 
The blade is arranged to be lifted as much as 3 or 3 ft, 
and lowerd 5 or 6 ft below the level of the ground on which 
the machine may be operating. 

7.312. Weights of such machines run from 3500 lbs to 
6000 lbs. Capacities when loaded for shoving, 2 to 4 cu 
yds. HP, 30 to 70. 

7.318. Operation frequently consists of an Initial move¬ 
ment of 25 to 40 ft at abt 2 ft/sec, in which the blade is 
lowerd and the mat’l scraped up; and then a hauling or 
shoving movement which may be as long as 300' at abt 3% 
ft/sec, with the lower edge of the blade at ground level. 
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After depositing the mat'l where wanted, the return may be 
made with the blade raisd, at full .speed, say 4 ft/sec. If the 
material in hard, it should first be gone over and loosend 
with a rooter. Experiment should determin the best speed 
for shoving, as it is usually possible to travel fast enough 
to lose much of the mat’l. 

7.319. Utllltj. The bulldozer is of use for clearing, 
maintenance of roads, spreading mat’l, making fills, making 
paths lor trucks, shovels, etc, nut the mat’l must be fairly 
loose', without soft pockets, without rock, and the haul not 
too long. They are particularly effectiv scraping down 
slopes as steep as 85% to 45%. If the gear is right, they 
may be backt up the grade for the next operation. 


7.4. GRADERS 

7.11. A gradei, also known as blade grader, road Nhaper, 

oi mnintainer, consists essentially of a 4 blade or moldboard 
mounted on a flame on wheels, much as in a bulldozer 
except that the blade is betw the tront and rear wheels 
instead of in front of all the wheels. 

7.42. Power. Gradeis may be either powerless, to be 
puld by animals oi a tractor requiring 15 to 80 HP; or they 
may be piopeld by then own power, winch is usually around 
50 HP, using 4 steel wheels, or 4, 6 or 8 rubber-tired wheels, 
or caterpillars, for propelling. 

7.43. The lllade or Moldboard is furnisht in almost any 
length fiom 7 to lti tt. or less when horse-drawn, 12 ft 
being usual, with a lit ot abt 18". The blade is adjustable 
in ht, hur angle and tip. 

7.45. Weights may be as low as 1400 lbs in graders to be 
towd, and as high as 17,000 lbs or more in power machines. 
Speeds of power machines are usually abt 2 mi/hr in low 
gear, and 10 mi/hr in high gear, with two intermediate 
gears, and reverse. 

7.4 H. litiiity. Graders are not essentially excavators, tho 
they may do a moderate amount ol cutting. They are chiefly 
levelers or eveners, and are used largely for maintaining 
the surfaces of earth roads, and ditches and banks; taking 
displaced mat’l and shoving it along until it finds low spots 
to lodge in. 

7.49. Leaning-Wheel Grader 

In this the wheels may be leand to one side or the other 
as much as 25° or 30°. This is of value (1) in opposing the 
thrust of the blade when forming banks, and (2) to keep 
the wheel-treds her when it is working on steeply sloping 
ground. The blade may be swung out to the side tits plane 
approx at rt angles to the line of motion) and set at differ¬ 
ent positions and vert angles for the forming of banks as 
high as 8 ft. Or it may be set low so as to partly cut and 
form small ditches. 


7.5. ELEVATING GRADERS 

are not a development of graders, but are a combination of 
plow and conveyor mounted on a frame carried by wheels 
or caterpillars. 

7.51. The Plow mav be either of the moldboard type, or 
both disc and moldboard in series, capable of cutting a 
furrow abt l f wideband 6" to 7" deep. The moldboard de¬ 
livers the broken-up mat’l onto the lower end of a small 
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7JS2. Conveyor or “Elevator” of changeable inclination, 
(usually of the belt type, tho buckets have been used) from 
14 to 25 ft long, the belt being usually 42" or 48" wide. It 
is mounted at rt angles to the direction of motion, extend¬ 
ing outward to the right or left, and upward suff’y to 
deliver over the top of a wagon or truck moving alongside 
and keeping pace with it. 


7.54. Power. Either horses (as many as a dozen) or a 
tractor (around 75 HP) may be used for traction. The con¬ 
veyor may be operated either by a separate power unit on 
it, which makes belt speed control easier, or by a “power- 
take-off” from the wheels or tractor, which is simpler and 
lighter. 


7.55. The Weight of such a machine may be around 
15,000 lbs. 


7.56. Capacity will vary greatly according to the kind of 
mat’l encounterd, but will usually be over 1000 cu yds per 
day, while some mfrs claim that about 3000 cu yds per day 
have been handled. 


7.58. Utility. These machines can be very servisable on 
even level ground of uniform plowable loam, sandy soil, or 
gravel, for the • forming of canals, irrigation and other 
ditches, and levees, and for RR and highway construction. 
They are said to be particularly helpless on wet ground, 
being unable to handle wet or sticky mat’l, and especially 
so among rocks or boulders or roots, in hard-pan or deeply 
frozen ground, or where there are abrupt grades. 


7.50. Operation. Unless the conveyor is delivering mat'l 
directly to the tops of levees or other embankments, the 
servising of the machine by the optimum number of wagons 
or trucks is most important, as changes in hauling dlst may 
call for more or fewer vehicles. 


7.6. TRENCHERS AM) DITCHERS 

7.60. Definitions. Engineers seem to make a quite deflnit 
distinction between trenches and ditches (tho not percept¬ 
ibly indicated in dictionaries), a trench being comparativly 
narrow with vert or nearly vert sides, and the ditch being 
much wider, with side slopes of say 1 on 1 or Hatter. 


7.81. Type*. Almost any excavating device may be used 
and has been used for digging trenches and ditches. Years 
ago, cableways were much used, strung over the line of the 
trench, some handling a number of buckets which were 
loaded by men digging in the trench. These may be used 
effectivly if nothing else is available, and they can be used 
for deeper digging than the machines described below. In 
at least one case, a power shovel dug and deliverd to a belt 
conveyor that carried the mat’l along for back-filling. A 
power shovel mounted on a flat-car is frequently used by 
RRs for maintaining the ditches alongside their tracks. 
Two types of machines using buckets for digging as de¬ 
scribed below, have been specially developt for trenching 
and are largely used. But where these are not available, 
the machine most generally resorted to is the pull-scoop 
or back-digger (sec 1.17). 
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7.02. Bubket-Wheel Trenchers 
7.621. Construction. Fig:. 13. An engrin, E, ^formerly 
steam, but now generally gasoline or oil) is mounted on a 
frame carried by wheels, W, or caterpillars, C, or both. 
Extending from the rear is a large vert wheel, L, L, which 
carries a series of buckets, B, B, equipt for cutting. There 
is also a belt conveyor, V, as in elevating graders (sec 
7 52). The engin is geard for driving the entire machine 
ahed at varying speeds, for rotating the bucket-wheel, and 
for operating the conveyor. The wheel, L, has no axle, but 
is a circular frame rotating on three or more rollers, R, R, 
and the buckets, on reaching the top, dump inside the cir¬ 
cumference of the wheel thru an opening in a fixt ring (not 
shown) which the wheel embraces, onto the conveyor which 
extends in to abt its center. Where tile or pipe is to be 
laid, or other work done in the trench directly behind the 
machine, not only may the sides of the wheel be enclosed 
to prevent the sides of the trench from falling in, but there 
may be carried behind the wheel a large hollow box, X, in 
which the workmen may lay their pipe with a fair degree 



of protection. In some machines the wheel (without the 
protecting box) has been arranged to be turnd right or left 
abt 20°, so as to excavate a ditch rather than a trench. 

7.022. Depth of Trench which bucket-wheel machines 
can dig, is from 8 to 12 ft max. The width may be from 
12" to 28" or as much as 42", altho 12" or even 15" is too 
narrow for men to work in efficiently, so that 18" or more 
is usual. 

7.023. The Conveyor, V, which extends out at rt angles 
to the right or left, to deliver the excavated mat’l either 
in a long pile at the side, or to trucks, is usually of the 
belt type, (sec 5.1) of ordinary width, from 20" to 30". 

7.024. IIP, from 25 to 100. Speed or feed, in ordinary 
earth, from 1*4 to 4 It of trench per min, in exceptional 
cases as high as 5'/min, while partly frozen ground may 
slow it down to %'/rnin. 
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7.«3. Bucket-Chain Trenchern or Ladder Excavatorn 

operate much like ladder dredges (p 5811, paragrafs 72. 73 
& 74). 


7.031. Construction is much the same as that of bucket- 
wheel trenchers, except that a chain carrying buckets takes 
the place of the wheel. Tne course of the chain of buckets 
has been different in different machines, having either a 
triangular or elliptical outline as seen from the side, while 
in some machines the forwaid buckets are moved downward 
In a vert line, forming a vert face to the trench Some 
machines are so designd as to be able to cut a trench only 
a fraction of a foot from the loundation wall of a building. 

Depth of trench which bucket-chain trenchers can dig, is 
from 12' to 20'. Width of cut is about the same as in 
bucket-wheel machines. The conveyor is arranged as in 
bucket-wheel machines. HI*, from 30 to 70. Speed or feed, 
from to 5 ft/min. 


7.04. Operation 

of bucket machines (either type) is usually aceomplisht by 
two men with the machine. Others must of course be em- 
ployd for laying the tile, pipe, cable, or whatever is to be 
placed in the trench, as well as for back-filling. One of 
the main objects in the design of these machines is to mini¬ 
mize the time that a trench must be open; particularly 
important on roads or streets. 

7.«5. Utility 

of bucket machines is likely to be limited if hard rocky 
ground is encounterd, advance blasting frequently being 
required. The figures above, sec 7.624, for speed, are for 
earth, gravel, tough clay oi sand. Trenchets are particu¬ 
larly useful for laying water, sewer, gas or oil pipe, or tele- 
fone cable. Pull-scoops (or ‘back-diggers") (sec 1.17) are 
very largely used in place of bucket machines. 

7.(10. DITCHES 

(meaning wide trenches with sloping sides) may often be 
dug with other excavators, such as power shovels, or even 
clam-shells if the ground is soft enough, and especially by 
pull-scoops. Leaning wheel giaders (sec 7.49) are largely 
used for shallow ditches, while shovels operating from HR 
track do much of the maint of RR ditches. 

7.8. HYDRAULIC EXCAVATION or HYDRAULICKING 

originating chiefly as a means of surface mining, consists 
of squirting large quantities of water at high pressure thru 
a large nozzle, against the material to be excavated. 

7.81. Water Supply. In some cases suff water may be 
obtaind by gravity from some not too distant source at a 
higher level. In other cases It will be necessary to pump 
the water, centrifugal pumps being usual and efficient, 
making possible the use of salt or gritty water. The head 
req’d will be several hundred feet. As little as 80 or 100 ft 
head has been used for washing mat’l away, but usually 
less than 200' will not be satisfactory for cutting, while 
300 to 400 and even 600 ft head are used where poss. The 
(uantity of water used will be determind by the head and 
the size of the 

7.82. Nosale, “Hydraulic Giant” or “Monitor” used. Ac¬ 
cording to Peele’s Mining Engineer’s Handbook, we have 
approx y;— 

Diam of nozzle, inches. 1 3 6 9 

Flow under 200' head, cu ft/min. 33 250 1500 2700 
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Dinnis of nozzles vary from %" to 10". Experience indi¬ 
cates that a number of smaller nozzles are more effectiv 
than a very large one, altho an X" nozzle, using 3600 
cu ft/min, has excavated X00 cu yds/hr. The nozzle must 
be fastend to the ground in some firm manner, to resist the 
great reaction from the escaping jet. The base of the noz¬ 
zle is attacht to the supply pipe by a swivel Joint that will 
permit considerable changes of direction. A small nozzle 
may be directed by hand by a long handle extending back 
to the rear; but the larger ones will usually require a 
deflector. This may consist of a short tube, larger than the 
nozzle, surrounding the front of the nozzle and extending 
a short dist In front of it, and so mounted as to be turnd 
slightly by hand in different directions, so that the jet 
strikes its inside surface on one side or the other, the reac¬ 
tion being suff to turn the nozzle as desired. The deflector 
is then again turnd straight ahead. The bore of the nozzle 
should be very smooth and even, as slight roughnesses will 
break part of the jet into spray, losing much ot its force. 


7.83. Sluices used for carrying away the mixture of water 
and earth usually requne a grade of 4%. Sometimes a 
mere gully, reinforst on the sides by planks, will be suff, 
but it is usually better to piovide a wooden or metal flume, 
especially as it is easier to shift as the work progresses. 


7.84. Capacities. Records of mat’l excavated in given 
times ate often unsatisfactory because some factor is not 
given. It has been found, however, that the proportion of 
solids that the water will carry ranges betw 6 and 20%, 
with 11 or 12% as an average. From this it would seem 
that the amt of excavation may be conservativly estimated 
and computed as 10% of the water deliverd by the nozzle 
or “giant”. 


7.88. I tility depends upon the head and quantity of water 
available, character of mat’l to be excavated, and ability to 
dispose of the waste. Its efficiency will be greatly increast 
when the waste may be used tor dam construction or for 
making fills. Material excavated may be sand, gravel, 
earth, and even loose rock. Glacial till, hard blue clay and 
boulders were excavated in large quantities on. a number 
of the Miami Conseivaney works, but with some difficulty. 
Sometimes advance blasting is necessary or very desirable. 
Freezing, if severe, may suspend operations entirely. See 
also “Operation”, following. 


7.80. Operation requires care and skill. Nozzles should 
oe kept as close to the face to be excavated as possible, 
altho even more care should be exercized to keep far enough 
away to avoid danger from caving. 50 to 60 ft is further 
than desirable tor efficient cutting, altho fair work has 
been done at 250' with a small nozzle. The nozzle is best 
aimd at the base of the wall of mat’l to be cut away, strik¬ 
ing at a small angle. It is frequently well to have a low 
pressure nozzle to assist by breaking up masses that may 
cave down and by keeping the mat'] excavated by the high 
pres nozzle moving on its way to the sluice. For efficiency 
it is important to watch the output closely. A reduction of 
MolidN carried to half the max poss, may otherwise pass 
unnoticed. , _ . 

Hydraulic excavation was used most effectivly in very 
large grading operations in both Portland, Ore, and in 
Seattle, Wash, where a hill about a half mile across was 
reduced by 210' in ht, street grades being reduced from 
betw 7 and 15% to 5% over a dist of 800'. Much of the 
mat’l was sluiced to tidal flats, forming useful land as well 
as almost eliminating a hill impracticable for habitation. 
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9.0. OPERATION 

In the following paragrafs on “balance”, waste motions, 
layout, choice and maintenance of machines, and personnel; 
nearly every point brought out may be regarded as a factor; 
for if the efficiency of any one of them be reduced by any per¬ 
centage, the resultant output will be reduced by almost if not 
quite the same percentage. Hence all are about equally im¬ 
portant and none should be slighted. 


9.1. FUNDAMENTALS 
9.11. Balance 

9.111. Machine*. Perhaps the most important and com- 
prehensiv principle to observ for ideal efficiency in the 
operation of equipment, where more than one machine is 
involvd, is that all of the several machines working in con¬ 
nection with each other shall ‘‘team together” as nearly as 
possible, and that the work of any one shall fit in with that 
of others as regards capacity and reliability For example, 
bad balance obtains when too many trucks must wait 
for an excavator, or too few trucks keep the excavator 
waiting. One machine, unable to keep up with the rest, 
may keep them all down to its own low rate. Or, again, if 
the equipment is already well balanst, the purchase and 
introduction of any one machine capable of working twice 
as fast as the one displaced, will not speed up the work in 
the slightest, and will increase maintenance cost and in¬ 
terest on the investment. Usually there is one expensiv 
“key” machine, such as a power shovel, whose output it is 
not practicable to change materially; and it is to this that 
all the other co-operating machines should be timed. Cau¬ 
tions —But see "in practis” in sec 9.3. 

9.112. Material and Labor also should be kept balanst. 
Unless the work is well supervised, machines may be kept 
waiting for insufficient or incompetent men; and conversely, 


ment. Lack of pipe, wire, tools, etc, may add much to 
man-hours req’d to overcome the handicap. 

9.113. Time and Material* should be balanst so that 
needed supplies, as gasoline, oil, cement, food, etc, arrive 
at as nearly the best time as possible. Not only may late¬ 
ness hold back the work, but pre-delivery may do so by 
cluttering up places where other things belong or where 
free movements of men and mat’ls are important. 

9.12. Wa*te Motion* 

should be reduced to a minimum. No flxt rules can here be 
set down for such matters. Many books have been written 
on this subject alone. See section 620.« in Bibliography pre¬ 
ceding Index. The management must be on the watch for 
needless rever* movement*, re-handling. exee*nlv travel, 
such as that of an excavating bucket or the movement of a 
truck. Only common sense and ingenuity can here be pre¬ 
scribed for most of such efficiency work. Wasteful Repetl- 
tlv Operation* should not be lost sight of or ignored, even 
when apparently trivial. It may be said; "It is not the little 
things that count, but the large number of them”. A loss 
of only 3 secs in one operation of a shovel making a cycle 
every 30 secs, is multiplied by almost a thousand in a day’s 
work, and means the loss of over an hour in a 10-hr day. 

* 9.13. Time Studle* 

of machines it is proposed to use, are usually of great help 
in planning the work, and if kept up as each job progresses, 
they frequently reveal unsuspected causes of delay and in¬ 
efficiency, especially valuable if of repetitlv work. Record- 
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ing ammeters, truck movement indicators, and other re¬ 
corders and meters are valuable if used and studied, and 
advantage is taken of their indications. 

9.14. Scheduling 

should be undertaken in almost every case, especially where 
many machines and operations are involvd. Even tho pre¬ 
cise predicting may be impracticable, it is usually far better 
than forging ahead by hit-or-miss judgment. As an aid 
in scheduling, we suggest “Engineering Office Systems” by 
John P. Davies, McGraw-Hill Book Co, New York, N Y. 

9.141. Diagramming is usually ol great assistance in 
scheduling. Many methods are available, too numerus to 
outline here. For this, “Graphic Methods for Presenting 
Facts”, by Willard C. Brinton, the Engineering Magazine 
Co, New York, N Y, may be of value. 

9.2. PLANT LAYOUT 

Conditions vary too widely to permit the giving of any 
detaild rules for plant layout. It will depend upon topog- 
rafy, materials to be handled, machines available, locations 
of supplies of both men and equipment, meteorological con¬ 
ditions, time and money available, and probably other fac¬ 
tors. For good results, it calls for detaild planning and the 
ingenuity and common sense of the C E. A review of engi¬ 
neering periodicals may often afford valuable suggestions. 
See Eng & Contr'g, ’29 Nov, p 443. 

9.21. Surveys 

are essential for all but the simplest jobs. These should be 
plotted to a generus scale, should include all the territory 
involvd, and show all objects that may be encounterd; and 
of especial value are contours accurately plotted for every 
few feet of elevation. 

9.22. Excavation, etc. 

should be pland as closely as possible. In the case of power 
shovels at least, diagrams supplied by mfrs (or obtainable 
by measurement) showing the reach, clearances, ht of lift, 
etc (see secs 1.14, 1.15 and 1.18) together with capacity and 
speed of operation, make possible close planning of the cuts 
to be made and estimates of time req’d.« 

9.23. Roads 

should be thoughtfully laid out so as to serv all machines 
as well as possible, and to minimize their reconstruction 
as the work progresses, using moderate grades and curvs 
that will utilize the high speeds now possible with trucks. 
See also 9.43, road maintenance. 

9.3. CHOICE OF MACHINE 

will depend upon many factors, among them the work to be 
done, the kind of mat’l to be handled, topografy, meteoro¬ 
logical conditions, money available, and the abilities of the 
machines. For this last, »ee pamgrafs entitled “Capacity”, 
“Utility” and “Operation’, in each article descriRtiv of each 
machine in question, on preceding pages. 

In practlM, unless the machine will be worn out when the 
job is done, the ideal machine for max efficiency, or even 
that combination of machines that produces the best balance 
(secs 9.11) is not always the best. Often the cost of pur¬ 
chasing or hiring will be prohibitiv. Even with ample 
funds, if frequently may be cheaper in the end to use ma¬ 
chines already in hand, even tho rather inefficient for the 
purpose, than to purchase the ideal machines which cannot 
be sold or hired out to advantage when no longer of use on 
the Job for which they were ubtaind, particularly when they 
will not be used over a long period of time. Usually a 
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moderate si*ed machine will be best, because more likely 
to be of use on subsequent jobs. Some machines are more 
versatil than others, such as the crane, sec 1.32, and the 
pull-scoop, sec 1.17. Some are extremely limited, such as 
the bucket conveyor and the bucket-wheel and bucket-clniin 
excavators. See also sec 0.3. 

The following articles may be found to be of value. 
Civil Engineering, ’36 Mar, p 139. lOng & Contr’g, '39 I >oe, 
p 491. For a comparison of draglines with other devices, 
see article on New Madrid (Mississippi R> Floodway .Levee, 
Eng News-Rec, ’31 Apr 16. See also Construction Plant, 
Methods and Cost, by Chas H Paul, tyliaini Conservancy 
District, Dayton, O. 

So many kinds of machines, often of increasing size, are 
being continually put on the market, some to endure and 
develop, some to disappeai, that when more knowledge is 
req’d, we suggest that catalogs of mfrs be sent for and 
studied. For addresses, see advts in eng’g periodicals. 

9.4. MAINTENANCE AND SERVISING 

Hardly too much emfacis < an be placed on the importance 
of ample and effectiv means for servising, maintaining and 
repairing machines, especially where a half dozen or more 
of them are in use. As pointed out in sec 9.1, the failure 
of any one machine may mean the stoppage of a number 
of others as well. One man should be in sole charge of 
maintenance, with no other duties. With a dozen or more 
machines (trucks, excavators, etc;, he should have a special 
machine shop with blacksmith shop and welding equipment, 
and all tools and devices usually accompanying it. 

#.41. Spare Parts should be kept on hand for all parts 
judged likely to fail, especially parts of which there are 
many alike, even tho it is impossible to predict accurately 
what may be needed; and renewals should be oidered 
promptly for any parts found wearing out. For small devices, 
as jacks, carts, tools, etc, it is well to have complete dupli¬ 
cates on hand. 

9.42. Oiling and other routine servising may well be 
done by schedule, at lunch-time, betw shifts, or at night, 
making thoro inspection of machinery, of chassis and tires 
of autos. Where only trucks are involvd, they may be re¬ 
quired to report regularly to one or more gasoline stations 
having water, comprest air, oil, tires, etc. Where* less mo¬ 
bile machines are in use, as power shovels, cableways, etc, 
trucks should be specially appointed to deliver these things 
to all machines on regular trips. 

9.43. Road Maintenance is of equal importance now that 
trucks are very greatly depended upon. They should be 
kept well surfaced at all times. 

9.5. OPERATION OF CRANES, ETC 

The following points, likely to be overlook t, and regarded 
as especially important, are taken from the Code of Safety 
Standards for Cranes, prepared by the Am Soc Mech Engrs, 
and agree closely with rules by Assd Genl Contractors of 
America. 

Proper provisions for strength shall be made for all parts 

subject to impact and rough usage. No east iron.except 

.drums, bearings, brackets. Gears.shall be provided 

with standard gards. Drums.shall have a ilange at 

each end. Not less than two full wraps of hoisting cable 
in the groovs when...at.lowest position. 

Cranes shall be operated only by the regular crane oper¬ 
ators. Operator should not eat, smoke nor read when oper¬ 
ating,...nor operate... .when-physically unfit. Someone 

specially designated should lubricate all working parts. 
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Cranes shall be examine! daily for loose parts or defects 

.(and) kept clean. Avoid.swinging: loads over 

workmen. On electric machines, close no main switches 
until sure no one about, and that all controllers are off. 
When leaving machine, thro all switches off. 

The operator shall not make side pulls with the crane 
....lower carefully. When handling max loads... .test the 
hoist brakes after the load has been lifted a few inches: if 
the brakes do not hold... .lower-and-adjust or repair. 

Operator shall recognize signal* only from the one man 
who is supervising the lift. The following are among those 
recommended by the Am lty Bridge & Bldg Assn;— 

Hoist; forearm vert, making small hor circle with hand. 
Lower; wave forearm downward. 

Stop; hold hand level with hip. 

Emergency stop; hand level with hip, move hand right and 

left. 

Raise or lower boom; point up or down with thum. 

Close or open clam; close or open hand. 

fl.« PERSONNEL 

Another factor ol great nnpoi Lance in operating machines 
is the charactei and abilitv of the men employd. They must 
be both competent and careful—able and willing. Careless 
or unsktld men will probably kink cables, batter buckets 
and shovels, jerk hoisting lines, thus introducing dangerus 
stresses or overturning machines, overload conveyors, abuse 
autos and trucks and their tires, cause unnecessary break¬ 
ages and consequent inordinate delays; neglect lubrication, 
loose bolts and worn parts; leav ragged excavations or 
sides so steep they cave in; hinder an entire plant by late¬ 
ness, or slow it down by indolent work, or injure men by 
careless handling, or cause dissatisfaction among the other 
men; all of this resulting also in increast • , turnover , ' and 
its expense. Altho their practical experience may give 
them certain knowledge the C E may not have, yet when 
they feel that no one can know more or do better than 
they, they become dangerus. A careful and expert man will 
probably save very many times the increase in his pay; will 
be willing to work hard and do overtime if necessary, being 
content and even eager to remain on the work, acquiring 
an interest in it, and will respond favorably to decent treat¬ 
ment and respect, and to efforts to maintain his health and 
happiness. 

0.7. DISASTERS 

such as war, revolutions, strikes, tornados, shipwrecks, 
Hoods, long rains, rock-fails and land-slides, failures due 
to errors in computation or construction, fires, explosions 
of gasoline and dynamite, epidemics, “rackets" and financial 
“depressions", may add tremendusly to the cost of a project, 
and delay it indefinitly. Probably it is practicable to insure 
only against fires, tornados, shipwrecks and epidemics. 
Floods may usually be predicted in time by receiving prompt 
reports of heavy rains and snow meltings from rain-gage 
or river-gaging stations back on the water-shed. Rains 
which may delay work for weeks at a time cannot be pre¬ 
dicted. Chance of error may be minimized by ample check¬ 
ing, while watchfulness and care should be maintaind 
against construction failures, explosions or epidemics. The 
engineer may often be on gard against depressions by a 
study of financial and business eurvs of the past 60 or 100 
years or more. 
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».». COSTS 

8.911. In sec 6.411 we were able to give fairly deflnit 
coats of automobile operation by considering distance-costs 
and time-costs separately, as applied to level high-grade 
roads only; and from these the reader may obtain the tot 
cost for any particular case by merely adding the two costs, 
and then making allowances for other surfaces and grades. 

9.012. When it comes to total costs of earthwork, (excavat¬ 
ing and conveying), it becomes increasingly difficult to give 
figures that show any sign of agreement, because of the 
many more elements or factors in the more complex opera¬ 
tions. There may be any one or more of many kinds and 
sizes of excavator used, the mat’l encounterd may be any¬ 
thing from mud to rock, the work may be in open country 
over wide areas or trenching in trecherus soil in city 
streets where traffic interferes, the dist the mat'l must be 
transported may be from a few feet to several miles, the 
difference in elev’n may be plus or minus a hundred ft or 
more, the depth of cut may be a few inches or beyond the 
reach of the machine, and any one or more of a number of 
kinds and sizes of conveying devices may be employd. 

9.913. The C E with wide experience in excavating and 
conveying may usually be able to estimate unit costs with 
a tolerable degree ol' accuracy, by merely looking at the 
work to be done, and reviewing the machines available. 

9.914. It seems best, however, in addition to referring to 
what figures we can in sec 9.92 with their wide discrepan¬ 
cies, to expect the less experienst C E to figure out each 
problem for himself as nearly as may be, from the figures 
we have given in the preceding sections, of capacities, 
weights, speeds, etc, of the machines available, subject to 
careful judgment based on what we have said regarding 
utility of each device. The computations usually involv 
nothing more than simple arithmetic, but it is essential that 
all factors or elements be considerd. To this end, we give 
in sec 9.94 a list of such items as may enter into any given 
problem, tho some or many of them may amount to zero in 
any particular case. See sec 9.95 for an example. 


9.92. Cost Data 

9.921. For suggestions in this book, see as follows;— 

Pages 1024 et seq, for eomparativly primittv methods of 
excavation and transportation, noting that figures are based 
on labor at $1 per 10-hr day. 

Pages 1105-7 incl, paragrafs 52-56 inch These figures are 
for railroad work, practically all for 1914 and earlier. 

Page 1408, para 2.11. From Bidding Estimates. Years 
of 1925-6. 

Pages 581te and x, paragrafs 138-153 incl. Figures apply 
to dredging only, 1914 and earlier. 

9.922. On the Welland Canal (1922-1931 only) rock exca¬ 
vation and disposal cost on. an av $6.27/cu yd under water, 
and $2.12 on dry land. 

9.923. A review of “Current Construction Unit Prices” as 
estimated by bidders, In recent issues of Eng News-Rec. 
may disclose figures that may be of servis, and that will 
require no adjustment for time, altho of course there is 
nothing to indicate how far the actual cost came from the 
amts bid. 
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9.93. Coefficients 

Tables and charts frequently found in engineering peri¬ 
odicals may be of great use “ provided the conditions are those 
for which the chart (or table) is made ”, or if proper coefficients 
may be applied to the result to adjust to the actual condi¬ 
tions. We offer the following suggestions. 

9.931. Coeffs for different Years. In Eng & Contr’g, ’28 
Aug, p 410, is a table and diagram showing yearly av prices 
of common excavation on the Wabash RR from 1899 to 1915 
incl, from which may be computed a coeff for changing the 
cost of any one ol these years to any other. 

Prom “Eng News-flee Construction Costs”, publisht an¬ 
nually by McGraw-Hill Pub Co, New York, N Y, may be 
obtaind eomparativ costs of many factors entering into 
C E work, from 1913 in most cases, to date. At least, the 
curv for common labor may be of servls in adjusting data 
betw such dates. 

9.932. Output Coefficient* following are abstracted from 
“Output Factors for Excavation and Material Handling 
Equipment”, by A. E. Holcolm, in Civil Eng'g, ’30 Oct. 

9.9321. The factor is 1.00 when the operating conditions 
are reasonably favorable, the dipper shovel or drag-line 
bucket has a capacity ol 1 eu yd, an 8 ft cut is being made 
in ord’y earth, and the av swing of the boom is 90°. Note 
that these are not cost coeffs such as in sec 9.931, and that 
the two are not nec’y reciprocal of each other. 


For Material *,* 

Hard shale and other 
rocky formations 

poorly blasted. 0.40 

Fairly well blasted rock 
or hard-pan, anil 
tough rubbery clay.. . 0.50 

Clay and boulders. 0.60 

Heavy clay (not sticky) 0.70 


Clay gravel. 0.80 

Wet sandy clay. 0.90 

Ordinal v earth. 1.00 

Light dry loam or clay, 
loose sand and gravel, 
cinders and ashes.... 1.10 
Light moist clay and 
loam . 1.25 


Sl*e of Shovel Dipper or Sine of Drag-line Bucket; is di¬ 
rectly proportional to output. Thus, a half cu yd dipper 
will take out only half as much as a 1 cu yd dipper in a 
given time. 

Output coeffs for Depth of Cut for a Shovel swinging 4 
revs/min, and other conditions as above (9.9321), which 
should excavate about 100 cu yds/hr, 


Depth of cut, ft. 1 4 8 12 16 

Coefficient . 0.62 0.89 1.00 0.88 0.76 

Output coeffs for Depth of end-cut excavation by Drag- 
Llne with conditions as in sec 9.9321, which should excavate 
80 cu yds/hr; 

Depth of cut, ft. 1 4 8 16 24 32 40 

Coefficient . 0.82 0.95 1.00 0.90 0.80 0.70 0.60 


9.9322. Example. A % cu yd shovel, working in clay 
gravel, with a cut of 12 ft, may be expected to produce abt 
100 X 0.75 X 0.80 X 0.83 = 52.8 

cm yds/hr dipper coeff mat’l coeff cut coelf cu yds/hr 

* Cost coeffs establisht by A T Cushing, Eng News-Rec, 
’26 Sep 9, applying esp’y to trench work, agree fairly well 
with Mr Holcomb's figures, when the reciprocals are used. 
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9.94. Cost Elements 

to be considerd when computing output or costs. 

9.H41. Major Element*, (a) Excavation, (b) Transporta¬ 
tion, cc) Backfilling or Spreading. 

9.942. Working Rates for computation of volume exca¬ 
vated and transported per time, should include time lor (1) 
Loading, (2) Transporting, (3) Unloading, (4) Returning, 
and also for (5) Idleness due to weathei, repairs and lack 
of co-ordination. 

9.943. General. Camp Main!, Supt and Eng'g, Maint of 
Roads, Profit, Effect ol Size ol Job. 

9.944. Machines. Tn any case, Power, Labor, Repairs, 
Maintenance (oil, etc). It rented, cost of Rental, n ownd, 
Interest and Deprecratron, and Idle Time. 


©.».**. Example 

To illustrate the way in which tire above suggestions 
under sec 9.94 may be used, we give the tollowrng eom- 
parativly simple example, in which all quantities are en¬ 
tirely fletitius, and are not to be taken in uny way as fig¬ 
ures for-estimating. Our computations are carried to not 
more than or 4 significant figuies, because it is impossible 
to compute such results to within a few percent. 

Given: —20,000 eu yds of earth to move an av dist of 
1000', and that it can be dumpt on a spoil bank without 
spreading. Suppose we have a 2Vs i cu yd gasoline sho\el 
capable of digging 30u cu yds/hr, and that we can hire ail 
the 5 cu yd trucks we need, capable ol 10 mi/hr loaded, and 
20 mi/hr unloaded over the terntoiy involvd. 

At 300 cu yds/hr, our shovel should finish, theoretically, 
in 20,000/300 = 06 hrs, or, allowing 25% lost time, in 83 his. 
Using sec 9.944 as a lemindei, we might have, $2/hr lor 
gasoline, $l/hr for labor, $2.50/hr for repairs and main¬ 
tenance, and $2.50/hr foi ml and depreciation, or a tot of 
$8.00/hr, which, for 83 hrs would cost $664. To this we 
should perhaps add intei est toi 15 da>s since the last job, 
say $50, and $50 for moving lrom it to the present location, 
making tot cost lor shovel, $7U4. 

Taking up the items in sec 9.942, as applied to the truck*, 
and considering loading first, we allow two shovel cycles of 
30 secs each for loading, plus 15 secs to “spot” under the 
shovel and to pull out, or 75 secs. To travel 1000' at 15 
mi/hr (= 22 ft/sec), W’lll require theoretically 45 secs, or 
say 50 secs, allowing 5 secs for accel and deeel. For dump¬ 
ing we allow 10 sees. For the return, at 20 mi/hr, 33 + 5 
= 38 secs. Tot, 173 secs for each truck load of 5 cu yds. 
As there are 20,000 cu yds to move, we shall need 4000 
truck loads, or, at 173 secs/load, 692,000 secs. The shovel, 
however, needs only 83 hrs or 298,800 sees. We shall need 
then, 692,000/298,800 = 2.31 trucks, theoretically, or 3 ac¬ 
tually. This excess of truckage should allow' suff time for 
Item (5) under sec 1.942, (idleness due to repairs) altho 
serving the shovel with only two trucks, for a time, may 
perhaps more than help to use up the 25% allowd for 
Selays to it. (Delay due to w’eather we take up later). 
Considering sec 9.944, we assume for each truck $l/hr for 
erasoline, $l/hr for labor, 25c/hr for repairs and main¬ 
tenance, totaling $2.25/hr. This, multiplied by 3 K 83 = 249 
truck-hours, givs $560. In addition we must allow say 
115/day for rental of each of three trucks for 83 hrs or 10% 
lays, plus 4 days allowance lor- bad weather, (tho it may 
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rain for weeks at a time or not at all) or 14% days, to¬ 
taling- $652. This, with the $560 above lor operating-, totals 

$ 1212 . 

General expenses. Considering now see 9.943, we allow 
25e/hr lor office overhead (rental, etc); superintendence', 
$1.25/hr; total $1.50/hr. Allowing tor 100 hrs to include 
office work outside the machine time, this, with $25 for sur- 
\ eying, totals $175, We assume no special road main¬ 
tenance, but allow lor 3 helpers for 10% days at 50c/hr 
each, totaling $126. Foi general expense, then, we allow 
$175 + $126 - $301. 

Totals. Adding totals for shovel, trucks and general ex¬ 
penses, we have $2277. Allowing 10% lor profit, this be¬ 
comes $2T>or>, the total tor the job. Dividing by 20,000 cu 
yds, we obtain 12.52c/cu yd. Dear in mind that this exam¬ 
ple is entitely th titius, for purely imaginary conditions, to 
illustrate the kind of method that may be used. 


DREDGING 

Deferences. Those contributing most largely have been;— 
W L Saunders. XII International Congress of Navigation; A 
W Robinson, Am Sot* C E, Vol LiV, l’art C. and numerus 
others writing in Eng News, Plug llec, etc, and F Lester 
{Simon’s book "Dredging Engineering". 

1. Excavating, in general, is the work of loosening and 
moving materials, sueh as earth, lock, etc. It is called 
"dredging” win n water overlies the mat’l to be moved. In 
many instancis, the methods or devices employd may be the 
same or similar, whether the work goes on above or below 
water. 

2. Usually the object of moving the material is to Increase 
the depth of the waterwav, to accommodate vessels of 
greater draft. Sometimes, however, the object is primarily 
to obtain gold or other preclus metals from the dredged 
material, or to raise the level of land, bv heaping dredged 
material on it. If it is desired both to dredge and to raise 
the land level at places near each other, the two operations 
may oiten be combined. 


CONTROLLING FACTORS 

3. Methods of dredging, and the devices used, depend 
chietly upon the character of the material to be excavated, 
which may vary from silt to solid rock. However, there 
are often other considerations of much importance. 

Material* 

4. Mud, Slit and Sund are generally the easiest materials 
to excavate, but the means used to dislodge them, may so 
mingle them with the water, that they may he carried away 
by the water to some other place where they are equally 
unwelcome, or other mat'l mav drift in and refill the exca¬ 
vations, necessitating repetition of the work. Or. it may 
become necessary to handle disproportionately large quan¬ 
tities of water with the mat’l, making subsequent separa¬ 
tion very troublesome. 

5. Loam, Clay. These, and the gravels, are ordinarily easy 
to dredge, altho sticky clays are likely to give trouble by 
adhering to the buckets after they have been excavated. 
When they are handled by hydr dredges, they may stick or 
jam in the suction orifices or pipe-line. 

tt. Indurated Clay* or Hardpan* may be so hard as to be 
quite difficult to dredge, and it may even be expedient or 
necessary to blast them. 
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' 7. Disintegrated Rock, Boulders, Rock. Solid rook, must, of course, 
be broken up before it can be removed. The fragments so obtaind, may still 
be too large to be handled by the machinery employd, and may have to be 
broken to a still smaller sire. In disposing of the dredged rock, it is often 
demrable to provide additional apparatus For sorting out the varying sires, 
which may be wanted for different purposes, or for separating the rock from 
soil that may be mixt with it. 

8. Gold and Other Precius Metals are usually found mixt with gravel 
or small boulders. See ^80 and immediately before. 

9. Additional apparatus, tailingB stackers, gold-saving tables, etc, not 
strictly dredging machinery, will be needed to separate the metal from the 
gravel, and where rock may be utilized, still more apparatus may be required 
For sorting, as in ^7. 

10. Debris may include almost anything except fairly uniform ground. 
It may be ground containing old stumps of trees, often making necessary 
more than one kind of dredging apparatus to complete the work, Under 
this head would come also wrecks of all kinds, from wreckt masonry (sea walls, 
bridges, etc) to wreckt ships. Dredging machinery may be useful also in 
removing piles or other structures m water 

11. Coral formations are usually quite difficult to handle, and often 
require mueh.previus blasting 

Operating Space 

12. The type of dredge to be used is determmd largely by the character 
of the Bpace in which it is to work. In the open, work may be delayd by 
rough water or storms, for few dredges can weather storms well, and the 
several units of a plant may become damaged by pounding against each 
other In channels, the rapidity of the current may make it impracticable 
to hold in place and operate certain kinds of dredges. In channels, anchor¬ 
ing becomes troublesome, as the cables, or the pipe-lines of hydraulic dredges, 
are likely to interfere w«th passing ships, or, in very narrow channels, the 
jMuudng ships may disturb the dredge by creating suction on one side 
Confined spaces around docks, etc, may make it impracticable to employ 
certain types of dredges. 


Character of Work 

13. The Depth and Width of cut required may determin the type of 
dredge. Care must be taken in considering the proposed depth of dredging, 
to allow for the “squatting” of vessels, that is. the inereast draft due to 
their motion, an item that is different for each vessel Tho squat becomes 
noticeable only in large craft moving at high speed, vet it has produml an 
increase in draft of as much as 4 ft. (Simon, Dredging Engineering”). 

14. The Distance the dredged mat’l must be tranBported is a very 
important consideration, often calling for much auxiliary equipment, such 
as scows, and tugs to handle them, or long pipe- lines. Sometimes the mat’l 
must be rehandled at soraejntermediate point. 

15. The Permanence of the work also controls very largely New 
work, or isolated bits of work, with completion in sight, may justify the 
use of almost any dredge available that can do the work, even tho very poorly 
Buited to it. For maintenance work, however, or where there is prospect 
of repetitions of the same kind of work nearby, the tendency should be to 
obtain machines closely adapted to the work in hand, and with high operating 
efficiencies. 

16. Much may depend, also, upon whether other kinds of work are 
to be done that can be combined with the dredging, such as land filling, 
obtaining sand, road materials, etc, since one type of dredge might be muen 
better adapted to such combination than another which might be ideal 
for one kind only. 

17. Government or Publis operation, more common in foren countries, 
makes possible and economical tne employment of much larger and more 
elaborate dredges than are possible under private control, and has been the 
chief reason for certain diffs in types of dredge used here and abroad, 

18. Time, also, may enter into the problem, for if there is not time to 
obtain the ideal dredge, or, if the work must be done very rapidly, it may be 
necessary to employ dredges that will do the work uneconomically. 
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Operating Facilities Available 

19. The Kind of Power available will sometimes influence the selection 
of the type of machine to be used Conversely, the mech'l equipment of 
an available dredge, may determin the kind of power to be used. See ^ 114. 

20. The Crew available may also be a controlling factor, both as regards 
their number and experience on the particular type of dredge contemplated 
for the work 

21. Supplies. The availability of fuel, repair facilities, new or duplicate 
parts, as well as food, shelter, etc, may all largely determin the choice of a 
dredge tvpe, since one dredge, otherwise well suited to the work in hand, may 
be grossly lacking in such facilities, while another, by its superior equipment, 
may promis better, even tho not otherwise the appropriate machine for 
the work 


DREDGES * 
and Dredging Devices 
Classification 

22. Means for dredging may be classified broadly as follows;— 

Training walls, reaction jetties, etc 
Drag-line or scoop dredges 
Cableway excavators 
Bucket or grapplet dredgeB 
Clam-shell dredges 
Orange-peel dredges 
Dipper dredges 

Ladder, or conti nuus bucket dredges 
Hydraulic dredges 
Rock dredging 

Rock breakers 
Rock cutters 
Blasting 

'‘Universal” and miscellaneus dredges. 

Training Devices 

23. Walls, dikes, partial dams, etc, may be used under certain favorable 
conditions, to create or maintain deep water, by causing currents to operate 
in such ways as to increas depth by scour; but their treatment is reservd for 
another place. 


Drag-linn or Scoop Dredges 

24. General Features. Fig 1. The boiler and engin E used for the 
work, are mounted together on a frame, or platform, and may be housd in. 
From the front of the platform there extends a long boom B, held up by an 
adjustable guv or stay (». which bears on an A-frame A. and is fastend at 
the back of tnc platform Connected to the engin drum is a cable which 
extends to the end of the boom, and then downward over a pulley, as shown 
ut H, to the rear of a bucket or scraper S. At the front of the peraper is a 
harness or bail, to which ib fastend a second cable, or drag-line D, also 
manipulated by the engin. The entire outfit is mounted on a turn-table 
which is itself mounted on a truck of some kind. The turntable is usually 
able to swing thru an entire hor circle, in cither direction. The truck is 
usually fitted with either (a) wheels which run on temporary tracks; (b) 
skids bearing on rollers, or (c) a “caterpillar" gear. 


* Called “dredgers” m Great Britain. 

t This word is used by some to denote a bucket specially designd for pick¬ 
ing up bulky objects, as stones, logs, etc. 
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25. Operation. The scraper S is lowerd by means of the cable Af, to 
the bottom. The cable D is then tightcnd, and the lip of the scraper thus 
forst into the mnt'l, which it scrapes up and collects within itself, when 
the scraper is full, the cables are so adjusted that it is raisd lrorn the bottom 
still maintaining its nearly level position Then, if the mat 1 cannot be 
dumpt betw the digging position and the machine itself, the (nfire apparatus 
is swung to a position such as that shown by the dotted lines, so that the 
mat’l may be dumpt where it will be lea^t in the way. /> is then relax!, and 
the scraper drops, open end down, thus dumping its contents The machine 
is then swung back for another cut. 

26. Sizes and Capacities. The following figs are approx av extremes 

A regular construction » 

Boom, 40' to 150' long 
Bucket capacity, 1 to 5 eu yds. _ 

Digging depth, side cut, 15' to 50', end cut, 20' to 70'. 

Weight, 75,000 lbs to 550.000 lbs. 



27. Utility. The use of drag-line scoops under water is rather recent, 
but seemB to have been very satisfactory so far as tried The scoop, not 
being mounted on a vessel, must do all its work by reaching out from land, 
and the dist beyond shore to which it ran excavate is necessarily limited by 
its reach, whereas dredges hilt as parts of vessels can go as far from shore 
as their seaworthiness will permit. The chief use of the scoop as a dredge, 
therefore, is for deepening comparativiy narrow channels, such as canals and 
irrigation ditches. Owing to the almost direct hor pull, and negligible vert 
pull on the end of the boom, when digging, and the resulting small overturn¬ 
ing moment, the machine is capable of distinctly difficult work, such us rooting 
out snags, boulders, stumps, etc. 

28. Cableways, or Tower Excavators are used sometimes insted of 
derricks, for handling scoop, and also for handling grapple buckets But if a 
revolving derrick ib available, even if it must be shifted across the stream to 
complete its work, it will usually be found preferable to the cableway with 
its two cumbersome towers If the derrick cannot reach far enough, either 
a cableway or a dredge becomes necessary, and of course there are limits to 
the economical Bpan of a cableway. 


Cirapple* Dredges 

The Dredge. 

29. The dredge itself (see also Scows, etc, Till), Jigs 2<a; and (b). con¬ 
sists of a vessel V, which carries the necessary mucluncrj DJ)' are two 
hoisting drums operated by steam or gasoline engins or electric motors. 
Over these pass two wire hoisting cables, known as the ‘‘closing" and 
“opening" lines, H and //', which arc gided bv shea vs CC ou an A-frame 
A, and tnenoe pass over shea vs on the end of the boom H, and down to the 
bucket K.' Other apparatus, not here shown, and to be described later 
(T146, c$c) must be provided for holding the dredge in place, and fur holding 
to the side of the dredge the scow which is to receiv the dredged mat’I 


♦The word "granple” is sometimes confined to special forms uf grab 
buckets designd for handling bulky objects, as stone, logs, etc. 
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30. The VettKol or Hull V is usually rectangular, since such a form affords 
a max of stability to resist the moments set up by digging and by swinging 
the boom over the scow. There is seldom need for a hull designd for easj 
navigation. It must be very substantially constructed, and braced by 
suitable trusses, bulkheds and knees. There is bilt on the vessel, also, such 
houtdng, K, for machinery and men, as may seem desirable. 

31. The Roller and Engin, or motors, are of the usual types, Scotch 
man no, or other boiler: 2-cyl hor engine, driving standard hoisting ma¬ 
chinery. (See Mechanical Engineer’s Iland-BookB). The boiler (or power- 
line, if clcctnc) should be of sufficient capacity to operate all the aux’y engms 
simultanously if need be, and the hoisting engin should be of ample size to 
withstand hard usage See under “Power”, *114, etc 


A 




32. The A-frame, as its name implies (tho not ohviua from the figs, 
since it is there viewd edgewise) is shaped like a letter “A”. The element 
corresponding to the hor portion of the letter is generally referd to as “the 
table**. At or near the table are mounted two sheave CC which hold apart 
the hoisting wires. The A-frame is held in position at its top by back-guy* 
or hack-lega, or both, LL'. 

33. The Boom, Ii, is usually maintaind at a fixt vert angle by means of 
a guy-wire or “topping-lift" (!, but is arranged to rotate on a pivot at its 
lower .end thru a considerable hor angle. The upper end of the boom carries 
the two main shea vs over which pass the bucket-hoisting lines. 
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31. The Bucket. 

35. The Grab, Grapple or Bucket is nifd in two types, the “clam- 
shell” or “crab”. Fig 7, having two segments or shells, and the orange- 
peel”, Fig 8, having three or four segments. 

36. The Principle on which the two kinds of buckets operate is similar, 
and is perhaps best explaind by first assuming a hypothetical clam-shell 
bucket. Figs 3 (o) and (6) and then explaining the modifications necessary 
Each shell, S or S', consists of a curve! plate, forming about a quarter of a 
eircumf, and of two side sectors or flat cheek plates. Thus, Fig 3 (a), the 
two shells, when closed, form a semi-cylindrical bucket, open at the top 
The shells are pivoted together at C by pins or hinges, and if supported by 
a sufficiently large force at C, the bucket would retain material M within it. 
But provision is made, thru the rods OP and OP', for applying upward 
forces at P and P’ , so that on reducing C practically to zero, the bucket must 
collaps at the middle, as shown in Fig 3 (6), forming a wide opening under 
it, thru which the mat’l falls If now the bucket is lowerd upon loose rnat'l, 
and the forces again be reverst, the two shells will not only reshape themselvs 
into a bucket, but will gather up a certain amount of any loose mat’l on 
which they rest. 

37. At 0 is attacht one of two wire ropes, known as the “opening line”* 
while at C ib attacht a second rope or cable, known as the “cloning line”. 
It is thus possible, with only two lines or ropes, not only to raise and lower 
the bucket as a whole by hauling up or lowering on both lines simultancusly, 
but also to open or close the bucket, by paying out or reeling in one line with 
relation to the other 

38. Actually, the bueket shown in Fig 3 will gather up but little of any 
hard material, since not enough of the lifting force C can e.xert closing or 
biting forces. 

39. Practical Deoign. To overcome this, the bucket closing forces are 
increast. In one make of bucket, a simple lever L, Fig I, is made a part 
of one of the shells S The closing line passes down around a pulley on tin 
end of the lever, and returns to a point near 0, where it is made fast The 
force C must therefore exert a dosing force greater m relation to the lifting 
force, than in the case assumed above in Fig 3 Other pulleys may be 
provided near O and at C, and the line led back and forth until suff dosing 
force, for a given lifting force, is secured 

40. A “Drum and Shaft” arrangement, however, is more generally 
provided, as in Fig 5. The "drum ” indicated by the large circle at the center 
is little more than a large pulley. Around it is wrapt and attacht the end 
of the "dosing line" C (or II Fig 7). The "shaft”, indicated by the smaller 
circle, consists in reality of a pair of small drums, one on each side of the 
large pulley, and around them are wrapt and fastend two branches of chain 
Z, the other ends of which are attacht to the frame at 0 The force C thus 
sets up in Z a much greater force than itself, and an increast dosing couple 
is set up by Z, pulling up at the shaft, and exerting at 0 a downward thrust 
equal to Z, earned out to P and P'\ this without increasing the lifting force 
(approx -=C) on.the bucket as a whole 

41. Yet such design would mean serius fouling of the shaft and drum by 
the contents of the bucket. In practis, therefore, the shaft and drum are 
mounted much higher, somewhat as shown in Fig 6 (u), the bucket shells 
having heavy arms or extensions. See also Figs 7 and 8. 

42. Backet Details. Figs 7 and 8 are outline sketches of the dam-shel 
and orange-peel buckets respectivly, shown open ready for grabbing a load 
Since all dredging devices must work in dirt which necessarily increases the 
wear, all pivot* and bearing* should be .made with bushings than can 
redily be removed and renewaT "The cutting edge or lip of each shell is 
generally strengtbend by the addition of a steel casting, or, preferably 
manganese steel, the better to resist the severe abrasion ”. (Simon, Dredging 
Engineering). Teeth may be attacht, but they are often used mistakenly, 
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and are seldom of use on large buckets “Teeth are of no advantage in 
handling coal, sand, gravel, crusht stone, or other bulk material of a granular 
lumpy kind ’’ (Blaw Bucket Manual). 

43. On account of the twist of the strands of the hoisting cables, and be¬ 
cause there is practically no force to prevent the rotation of the bucket 
about a vert axis (which would make the hoisting wires bind on each other), 
it iB usally necessary to provide some means to prevent such twisting A 
“dorsey wire” may be used, which is simply a light line, one end of which 
is attacht to the side of the bucket nearest the dredge, whip the other is 
past over a pulley or sheav about midlength of the boom, with a weight 
attacht, just heavy enough to prevent such twisting, but in no way interfering 
wth the other motions. Another device consists *of two long upright.* 
attacht rigidly to the two sides of the bucket, which extend up thru Rides 
provided at the end of the boom, thru which they slide vert’y These 
uprights have the additional advantage of holding the bucket vert in case 
it is lowerd on an uneven bottom. 

44 In France for dredging in clay, the bucket is sometimes lined with 
wood, to which the clay less readily adheres, 

45. Other Types of buckets have been bilt, one like a pair of tongs, and 
another in which the closing force is supplied by eoiuprest air Single-line 
buckets are bill, requiring only one hoisting line They usually depend 
upon some arrangement of latches or catches Where only a single hoisting 
line is available, such an arrangement is essential; but none of those mfd 
seem to be sufficiently satisfactory in their operation to take the place of 
the two-wire arrangement where that can be had. 

Moorings. 

46. Perhaps the simplest and cheapest method of fixing the position of 
the dredge and of holding to it the scow which is to receiv the dredged mat’l. 
is that of using wire ropes, which are eontrold by aux’y engins thru capstans 
or drums on the dredge, and which are made fast to nearby objects, or to 
anchors or especially driven piles On at least one dredging operation (in 
GaJops Rapids, St. Lawrence R, Report by W. L Saunders. Xllth Inter¬ 
national Congress of Navigation), where the current was very violent, 
chains were used msted of wire ropes See ? 104. The use of lines for holding 
the dredge is generally unsatisfactory when many other vessels must pass 
the dredge. 

47. Spuds SS, Fig 2, are therefore often employd Many dredges are 
equipt both with spuds and mooring lines, thus affording greater flexibility 
of operation. The spuds are simply large uprights, of timber or steel, 
arranged to move vert'y m wells in the dredge or in pockets on the sides. 
Usually there are three or four spuds. Two of them are rigged near the 
front of the dredge, and are maintaind upright by means of a gallows frame 
spanning the entire beam of the vessel, (usually near the A-frame, and some¬ 
times combined with it); while the rear spud or spuds are held alongside 
rigid or guyd posts, or else pass vert’y thru other framing. Usually the snuds 
merely rest upon the bottom, being prevented from floating up by hevy 
metal pointed shoes, which also aid in penetrating the bottom, and in 
protecting the ends of the spuds. They are raisd or lowerd, usually by 
means of cables, sometimes by racks and gears, operated by special engins on 
the dredge The spud cables are sometimes past over shea vs at the tops of 
the spuds, or other means are used for forcing the spuds down, sometimes 
to the extent of lifting the dredge slightly from its normal floating level, 
thus making it quite rigid; but more usually the vessel is free to ride up and 
down on tne spuds, w'hich serve merely to maintain the desired lateral 
position. 

48. To Shift the Pomtlon of the dredge when spuds are used, the bucket 
may be gript into the bottom, and all the spuds raisd but one of the forward 
two. Then, by a pull on the proper bucket line, the dredge may be rotated 
about the one spud as a pivot. Then the two front spuds are made to exehang 
functions, and the dredge is advunst still further by pulling on the other 
line. The process is well referd to m “walking on the apuda”. See also 
“walking”, “fleeting” or “trailing spuds,” f64. 
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49. Sometimes the spuds are utilized to keep the mooring cables below 
the keels of passing vessels. In this case, sheave are provided at the bottoms 
of the spuds, around and under winch the mooring cables are past, the spuds 
acting only as brackets, and the cables doing the work of maintaining the 
position of the dredge. (Patented by Osgood Dredge Co ) 

50. Dredges bilt for drainage ditches sometimes employ “bank *puds”. 
which reach out at a vert angle from the dredge, and penetrate the bank or 
rest in grillages set in the bank. These afford great lateral stability. 

51. In some cases (where the bank cannot be reac.ht) wide float* have 
been provided, wlneh greatly increas the lat’l stability These may be 
essential if the dredge is of narrow beam. 

52. Where the dredge can do all of its work from the bank, it may be 
mounted like the drag-line scrapers, (*i24), the caterpillar mounting being 
now (1925) generally preferd. 

Operation. 

53. After the dredge is made fast, a scow (^Jlll) is brought up along one 
bide, and made fast If on the right side, as is usual, then the “closing line” 
is the right-hand or Btarbord line H, Fig 12 (b), while the “opening line” is 
the left or port line H' The “table” sheavs CC keep these lines so deflected 
that as the tensions in them are altered, th boom swings hor’y. Thus, after 
the bucket has been lowerd to the bottom, tension is put on the closing line, 
which therefore (1) closes the bucket upon its load, (2) hoists the load, and, 
at the same time (3) swings the boom over to the right. When the boom 
comes over the scow, the tensions in the lines are reverst, with the result 
that (4) the bucket is opcnd and dumps its load into the scow, and (5) the 
boom is swung back to its digging position Both lines are then Blackt off, 
and the bucket so lowerd The position of the boom can be nicely controld 
by an expenenst operator, by reversing and adjusting the stresses in the 
two wires at the proper instants. 

54. The eurv of the bucket shells should not be such as to fit well into 
their own bite, since it is likely that a suction may be establisht in soft mat 1 
which may be very hard to break Attempts to use a light bucket not 
designd for hard biting, will soon result in injury to it. If teeth are added, 
they may only bend the lips of the shels, and if the operator tries to make 
a light bucket tnte by dropping it violently on to the mat’!, the bucket will 
soon be injured The remedy is cither a hevier bucket, or means for exerting 
greater closing forces, or both. 

Sizes and Capacities. 

55. Some very large dredges have been bilt, one recently (1921) advertised 
having a bucket cap of 30 eu yds, the bucket alone weighing 40,000 lbs. 
The bucket capacities more usually range from a fraction of a cu yd up to 
7 or 8 or 10 cu yds, with wts from 4000 to 20,000 lbs. On machines in 
quantity for the market, the booms are generally under 50 ft long, but 
machines are constructed with booms from 100 to 200 ft long or longer. 

Utility. 

56. In suitable mat’l (as sand, clay or mud), the grapple dredge is very 
efficient The depth to which it is able to dig is theoretically limited only 
by the length of cable which can be wound on the hoisting drums; but with 
increast depth, the bucket cannot be counted on to settle on just that part 
of the bottom desired The bottom made by a grapple dredge is usually 
uneven, with holes and high spots A grapple dredge is generally not good 
for very ha;d digging, unless the masses to be grappled with are broken. The 
dredge is useful around dorks and in narrow channels, thoifc cannot well be 
used where there is no room for the scow to be mancuverd alongside. The 
rlain-Hhell is most useful in soft mat’l, stiff mud and sand (when not too 
fine), gravel, coal, ore, ami small disconnected masses of rock of from Y to 
4 or 5 tonB. The oranfce-peel seems especially adapted, in spite of con¬ 
siderable uncertainty of grasping when far under water, to the dredging of 
boulders, blasted ledge rock, pig iron, stumps and the like—the roots of 
stumps being cut thru on all sides by tie* 3 or 4 shells with their 6 or 8 cutting 
edges; also for excavating within caissons in foundation work. 
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The Dredge. 


IHpper Dredge* 


57. The dipper dredge. Figs 9(a) and (b), consists of a vessel V, much the 
same as that of the grapple dredge, 1[30, tho even more strongly constructed, 
and carrying the necessary machinery. The vessel is almost invariably 
cquipt. with spuds SS, the forward ones being sometimes held by a frame 
(not shown) spanning the width of the %esM‘1 There is also an “A”-frame 
A. tho not necessarily with the hor “table”, and this frame is often inclined, 
as shown Over it pass guy wires GO which hold up the end of the boom B 
and maintain it at a fixt angle. The foot of the boom, however, is placed 
at the bow and is so arranged that the boom may be swung hor’y Tho 
boom is so constructed that another member, calletj the “stick” or "dipper 
handle” T ran pass thru it To the lower end of the stick is attach! the 
bucket K, which has a flap-bottom door F engaged by a latch (not shown). 



5M. Boilers and Engin*, or electric or gasoline motors, are provided for 
the vanus operations described below and also for handling spuds and other 
auxiliaries. The hoisting line, main line or hurket wire // passes from 
the drum of the rnainengin under a alienv at the foot of the boom, thence to a 
sheav on the outer end of the boom, and from there down to the bucket 
bale. Usually the line passes under another sheav on the bucket, hale and 
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back up to the end of the boom, where it is made fast. There may be also a 
backing chain R. with itn engin or motor (not shown). In many case* 
there is a “crowding engin*’ or motor D (shown only diagrammatically), 
mounted on the boom where the stick passes thru, by means of which the 
stick may be forst to rise or fall. 

159. It is well to have the hoisting line wound on a “differential** drum, 
conically shaped, and having helical groove, so that during the first part 
of the pull, when the resistance due to separating the load from the bottom 
is greatest, the line is wound on the small part of the drum, affording the 
engin a max of leverage, whereas, when more line is wound on the drum, 
it lies on portions of larger diam, and so makes possible higher hoisting 
speed when the resistance is less. 

90. The Boom B of a dipper dredge, must be exceptionally strong and 
well designd It consists usually of girders, deepest at the center, the better 
to resist the bending moments It iB usually made in two halvs, with a 
space betw, thru which the stick (see 1|01) may operate, tho in some cases 
the stick is divided and straddles the boom Ih operation, and especially 
whore a crowding engin is used, the direct bending stresses set up at the 
middle of the boom may be quite large In addition, the rotation of the 
boom may be effected by an engin driving a bull-wheel W at its heel, and 
this will set up twisting stresses which may be quite semis m case the lateral 
movement of the dipper is arrested abruptly by striking the bottom or other 
object 

61. The Stick T, as stated, passes thru the boom B, and is handled by 
the lines // and R Usually it carries a rack which engages with gears and 
wheels at, D Not only can the stick move longit’y, but it can rotate about 
the pinion at D In some cases these wheels are provided wnh brakes only, 
and in others they are part of the "crowding engin”, which can aid in the 
movements by forcing the stick up or down In gen’l, the motion produced 
is similar to that of a man digging with a hand shovel. 

62. The Bucket K carries a rutting lip at its outer end, usually bearing 
individual detachable steel spikes or “leeth** where hard mat’l is encoun- 
terd. It is rigidly attaoht to the end of the boom Its bottom consists 
entirely of a flap or trap-door F hinged at the rear. A latch is provided for 
holding the flap closed, and a line L passes from the latch back to the engin- 
nian who may thus open the flap The flap is so counter-weighted as to 
eaus it. to hang at about 45°, and the impact of striking the water, in its 
descent, is counted on for closing it. 

63. The Digging Operation, then, consists in releasing the hoisting line 
II and the clutches or crowding engin at D, thus permitting the bucket to 
descend (the flap being closed by the water surface) while the backing chain 
R is pulled so as to draw the bucket to the rear. When the bucket reaches 
the bottom, the clutches at D are closed, and the hoisting engin is operated, 
with the result that the bucket makes a cut along the bottom. The hoisting 
is continued (clutches releast) and the bucket is hauld out of the water. The 
boom is swung hor’y either by two operating lines as is customary with 
grapple dredges, or by means of a bull-wheel W at the base of the boom, 
until the bucket is over a scow which has been brought up alongside, or 
over a hank or other available point at which it may be desired to deposit 
the mat’l. The latch is then drawn, the flap opens, and the contents drop 
out If the mat'l sticks badly in the bucket, the operator may use his 
crowding engin to jerk the stick back and forth (while in nearly hor position) 
thus slapping the flap violently against the bottom edges of the sides, and 
helping to jar the mat'l loose. The boom is then swung back, and another 
cut is started, as above. 

MooringH. 

64. For dipper dredgeB, moorings may be substantially the same as for 
grapple dredges, except that mooring lines are rarely if ever used, and the 
forward amida are especially strong to resist the high and erratic digging 
stresses. The rear spud stands in a slotted^well to provide motion fore 
and aft, and is called the “walking”, “fleeting” or ‘‘trailing apud**. 
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6.*. To Shift the Potation of the dredge, the bucket is Iowerd on to the 
bottom, the forward spuds are releast, and then the backing chain is pulled; 
the dredge moving ahead and the rear spud tilting in its slotted well. The 
forward spuds are then set down again, and the rear spud raisd and advanat 
for the next “step”. 

66. Scows may be Handled by the dipper, the spuds remaining down, 
and the dipper resting on the scow and moving it about by means of the 
bull-wheel and crowding engin, or hoisting and backing lines. 

Sizes. Capacities, etc. 

67. The bucket capacities generally used are from 1 to 5 cu yds Larger 
sizes are not unusual, while the famus dipper dredges of the Panama Canal 
had a cap of 15 eu yds in inud or 10 in rock The following figures will 
afford a fair idea of the extremes. 


Hull 

Length, ft. 

Width, ft . 

Depth, ft. 

Draft, ft. 

Digging depth, ft . 

Dipper capacity, cu yds. 


144 40 

44 18 

i3j$ 4 y 2 

8 

50 9 

15 % 


68. Speed. In medium sized machines, the dipper can make one cut in 
from about to 1 min during steady working (not allowing for waits for 
scows, repairs, etc) 


69. Utility. On account of its ability to maneuver itself and its scows 
without lines, the dipper dredge is especially useful in confined spaces, around 
docks, and in narrow channels By its ability to force the bucket into the 
bottom, it is especially capable in hard mat’fs, for the removal of boulders 
or rock that has been broken up (as by blasting), and for tearing out nus- 
cellaneus obstructions, as piles, old cribs, wTeeks or foundations. It can 
“cut its own flotation" ahed of it, thus digging a new channel where none 
existed. On account of the poor leverage, however, it is not available for 
as great depths as the grapple or hydr dredges but it can level off the bottom 
very much more accurately than the grapple dredge. 


Continuus Bucket, Elevator or Ladder Dredges 

70. Three Type* of “ladder” or continuus bucket dredge are in gpn’l 
use, referd to as (1) the “Stationary”, (2) the “Barge Loading'*, and (3) 
“Sea-going Hopper” dredge. 


71. The Veaael or Hull is different for each of these The "stationary” 
dredge has a hull similar to those of the grapple and dipper dredges; but 
the other two (2) and (8), are bilt with molded hulls to minimize resistance, 
and are equipt with propelling engms The "barge-loading” dredge (2) 
depends upon barges or scows to r^eeiv the mat’l it excavates, while the 
"sea-going” dredge, (3), Fig 10, is bilt with self-eontaind hoppers ////. since 
it is intended for use in open waters, where there would be seriua pounding of 
any aux’y craft alongside. 


71 A notch or elongated well W is formd down thru the bow or 

near the middle of the vessel to receiv the "ladder" L and the chain of buckets 
BBB, tho in some "stationary" dredges, two ladders are employe!, one on 
each side, outside the hull. 

72. “The Ladder” L is a long frame, pivoted at its upper end P, while the 
lower end is hold at the desired elev'n by a line N operated by a winch C. 
At each end of the ladder is a large tumbler or drum, and rollers are pro¬ 
vided along the upper side of the ladder. 
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73. The Buckets BBB are carried on an endless chain over the dramB 
and rollers, hanging freely from the under side. The chain of buckets is 
operated by a special engin or motor (only the main wheel E of which ib 
shown) engaging with the shaft of the upper drum. Each bucket is pro¬ 
vided with a reinforBt cutting lip, or with teeth. 

74. Operation. As may be seen, each bucket, in turn, cuts some mat’l 
from the bottom. Then, as the bucket revolve, the mat’l is caught up, and 
is then carried to the top of the ladder, where it is dumpt out as the bucket 
turns over The bucket then descends (inverted) back along the lower side 
of the ladder As the cutting progresses, the dredge is advanst by its own 
engine, or is swung as in H77. 


B 




Fig. 10 (b) 

75. The Disposal of the Material is different in diff types of dredges, 
and again, with diff kinds of mat’ls. In the sta'y barge-loading dredge, suit¬ 
able chutes are provided to pass the mat’l over the edge of the vessel into a 
scow made fast at the side (Where ladders are placed on each side of the 
vessel, the niat’l may fall directly into the scows). In the hopper dredge, 
Fig 10, the mat’l is dropt into the hoppers H. and the dredge travels to a 
suitable dumping ground, where the bottoms of the hoppers are opend and 
the mat’l is deposited. When desirable to separate diff kinds of mat’l, as 
in digging for gold, or where the bottom consists of rock and finer mat’l to 
be sorted, rotary screens or separating devices of one kind or another are 
introduced betw the top of the ladder and the chutes or hoppers. These, 
not being str.fitly dredging devices, are not treated here. In some cases^the 
mat’l can be eonvevd hydraulically thru long pipes, as in hydr dredging (sec 
1189, etc) insted of depending upon scows. (Simon, “Dredging Engineering") 

76. The Knftinn or Motors for such dredges may be of any suitable type, 
but on account of the complete balancing of the moving parts, and the rela- 
tivly stedy cutting forces, except when encountering markt irregularities oi 
the bottom, and the nearly uniform loads to be lifted, steam engine may be 
operated expansivly if the bottom is soft and uniform, while these conditioni 
invite also the use of electric and possibly gasoline motors. 

77. Moorinfta. The so-caJled “stationary" dredges are usually held ii 
place by means of a half dozen lines, operated by winches on the vessel 
several lines or a rear spud controlling the advance of the vessel, whih 
several other lines oause the dredge to swing from side to side with a radia 
movement as the cutting progresses. 
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Sizes. Capacities, etc. 

78. The following figures are intended to give approx values of the usual 
extremes or averages. 


Hull, length, ft 130* to 275*; 
width, ft 36 to 56, 

depth, ft. 15 to 20+. 

Draft, ft, up to 12 

Digging depth, ft, 30 to 60. 

Buckets, 

cap each, eu ft, 5 to 50; number on ladder, 42 to 70; 
speed, ft / min, 45 to SO; number per min, 10 to 30 
Hopper capaeitv (sea-going), tons. 500* to 2200* • 

Digging capacity, eu yds per day, S000 to 28,000. 

Speed of vessel (sea-going), mi/hr, 6 to 8 or 10. 


Utility. 

79. If Sand and Gravel are not too fine, the continuus bucket dredge can 
handle them well: also rather hard mat’ls, as indurated clay**, shale*. and 
even soft or broken rock and hard-pan. especially where thi* depth is too 
great for a dipper It can cut its own flotation It is especially \nluable 
where the disturbance of the bottom would be sonus On this account, 
perhaps, its greatest use in this country is in: 

80. Gold Dredging. Neither grapple nor dipper dredges ean clean the 
bed rocks next wdiich gold is usually found, and either will permit the 
dredged mat’l to leak serially thru tin- cracks m the bottom, while hydr 
dredges cannot create suff suction to gather up the heavy gold along with 
the sand. The continuus deliver) of the “ladder" dredge lends itself also 
to the smooth and continuus operation of s» panning devices Gold digging 
operations are usually sufficient!) extensiv to warrant the large investment 
needed. 

Hydraulic Dredge* 

81. Two main Types of hydr or suction dredge mav be recognized. (,\) 
Figs 11(a) and ( b ), that in which the dredged mat'l is disposed of by mean* 
of a hydr pipe-line, constituting a dredge of the "stationary " type, usually 
designated as a “pipe-line" dredge, and sometimes as a dredge of the "river 
type” (Sum.n'« "Dredging Engineering”),.or (B), *JD3, the dredge may be 
of the "sea-going hopper" type 


(A). “Stationary*% Pipe-line or River type Dredge. 

82. The vessel or hull V Figs 11. is of the common rectangular form, 
(housing not shown), lint it need not be so strong us other kinds of dredges, 
for there are practically no digging stresses, except those produced by the 
outter, f 86. 

83. The dredging machinery consists of a suction pipe S, Figs II, 
mounted on a "ladder"* At the lower end of the suction pipe and ladder is 
usually a "cutter” C, ^!tfi, which serve to break up the mat'l to be dredged. 
The dredged mat'l and accompanying water are drawn up thru the suction 
pipe by means of a centrifugal pump P, which creates the suction and sends 
the accumulation thru a delivery or discharge pipe-fine, D. 

84. The “ladder”! The upper end of the ladder is pivoted at the front 
of the dredge, while the lower end is held at the desired elevation by means 
of a line L passing over an inclined A-frame A, which is back-guyd by other 
frames and wires W. 

85. The auction pipe S usually lies within the ladder, and at its upper 
end, at F, is provided with ball-and-socket joint, which connects it. with the 
pipe leading to the pump P, thus permitting vert, and in some cases, hor 
movement. 


* From Simon's ‘‘Dredging Engineering.” 

t Tho such ladders are unlike those familiarly known, yet fcbe ram# 
"ladder,” for this arm or boom, seems to be entirely usual. Care should oe 
taken, also, not to confuse this with the so-called "ladder” dredges, which 
we have usually referd to as "continuus bucket” dredges. 
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86. The cutter C, Fig 11(c), is often used on “stationary’’ dredges It 
is generally of approx barrel, conical or paraboloidal form, and consists of an 
aggregation of cutting edges or blades. In clayey ground, the mat" is 
likely to stick and clog the cutter unless the openings betw the blades are 
ample The cutter ib mounted on a shaft coincident with its axis, and the 
shaft is usually just above the opening of the suction pipe »S, and extends 
back along the ladder L to the gears which connect it with its engin (see end 
of tins paragraf). The diam of the cutter is about twice that of the pipe. 
As the < utter is rotated, its lower half, extending somewhat below the end 




Fir. ii (« ) 


<,( ,1„. suction pipe, cuts out the ground. The ground, along with suff’y large 
01 mi nu« nun x _ -•ckt in thru the cutler, and on into the suction 


p pjV Where long objects, as pieces of trees or piles, may be encounterd, 
fhcrc is danger of daraagp, fot “» works its way thru the cutter 

inti into the pipe, it comes in position to be shcard off lasted, however, 
some part of the machinery may he broken, unless the parts are amply 
strong to stall the engin. Screens are frequently inserted, either on the 
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rear of the cutter itaelf, or at the outer end of the suction-pipe The engin 
or motor for driving the cutter is of course mounted far enough back on the 
boom to be out of water, or it may be on the dredge itself and operate thru gears. 

87. The Pump P is invariably of the centrifugal tyne, as nothing else 
will handle the dirt and rocks and other objects that may nave to be dredged. 
The rotating impeller is usually of the “closed” type, ie . with face plates 
on tho inner sides, which can reddy be. renewd, and can lake the wear that 
would otherwise come on the pump casing itself. Some claim that the 
impeller blades may slope either forward or backward, (Trans Am Soc C E, 
1904, LIV, Part C, p 505), or that the inner half of each alternate blade may 
be cut out entirely (Eng N-R, ’20 Jul 22, po 166-170) in order to permit of 
the free passage of large bodies, as rocks and stump*, without greatly reduc¬ 
ing the effic’y of the pump While there has been much discussion on this 

E oint, ideally high efficiency of the pump while running may perhaps well 
e considerably sacrificed, if, by so doing, we can greatly reduce the time 
lost standing idle due to clogging and break-downs 

88. The Engin is usually triple-expansion condensing. Electric motors 
are coming largely into use. 


89. The Discharge Pipe-line D, Figs 11(a) and (6), is usually laid along 
the dredge to the rear, maaing as few turns as possible. It is well to provide 
a check-valv or other device, to prevent flooding the vessel in rase of break¬ 
age of the pipe In any case, this pipe should be exceptionally strong From 
the rear, it is carried over the water on floating pontoona NN of some 
available type, placed at intervals, while flexible joints of one form or 
another are provided, suff to permit a considerable amount of wave action 
vert’y. and movement of the vessel laterally and fore-and-aft This section 
of pipe need not have so high a factor of safety. The pipe terminates where 
the dredged mat'l may be disposed of Provision must be made for 
impounding the mat'l, so that the solids will settle and remain in place 
while the water flows off. Where the discharge line must be so long as to 
result in inefficient operation of the pump on the vessel, one or more "booster” 
or “relay” pumps may be inserted in the pipe-line. 

90. Maneuvering. (1) The vessel may be held rigidly in position by 
spuds, f47, while the lower end of the suction pipe is swung hor’y over the 
bottom about a pivot at its upper end The vessel is then advanst, prefer¬ 
ably by means of a "walking spud”, 164, at the rear, while the two forward 
spuds are raisd; after which the swing of the suction is repeated (2) 
Usually, the ladder is fixt, and two spuds S5 are provided at the rear, as 
shown in Fig. 11 (6), so spaced that by lifting and letting down first one and 
then the other, the dredge may be swung as a whole from side to side by 
means of mooring lines MM, at the same time advancing suff’y for the next cut. 

91. Operation of hydr dredges is comparativly simple, practically ail 
movements, etc, being under the control of only one man The eff’y, how¬ 
ever, depends chiefly upon his skilful handling. If the suction pipe is not 
fed into the cut rapidly enough, power will be wasted in pumping water 
with too little solid mat’l. If, on the other hand, too great a cut is attempted, 
or if the cutter-head is not appropriate to the work, or if water-jets (f 94) 
are used too sparingly, clogging may result, either at the entrance, or, more 
seriusly, in the delivery pipe. The action cannot, of course, be seen by the 
operator, but he learns of conditions thru the indications of pres and vao 
gages connected with the suction and delivery pipes, and by the behavior of 
the cutter. The delivery pipe, if long, and if terminating on land, necessi¬ 
tating continual attention for shifting, may require a larger crew than the 
dredge itself. 

92. Utility. The bydr dredge is largely and offectivly used in handling 
Band, silt, mud and clays, in open water, on ocean barn, and in channel maint, 
as in cleaning out old eanalB, and as used on the Mississippi R To some 
extent, gravel and small stones may be dredged with the aid of a cutter, 
and, with a large machine, even stumps, large rocks and other debris may be 
removed directly, tho large stumps may have to be undermined and then 
lifted out in some other way. The pipe-line and mooriug lines may offer 
considerable obstruction to navigation. 
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(B). Sea^oin^ Hopper Dredge. 

93. This dredge is similar in many ways to the pipe-line dredge. The fol¬ 
lowing diffs may be noted. 

94. The Vessel of this dredge is bilt with molded hull, and contains its 
own marine propelling engine The dredging machinery is similar, but the 
orifis or “drag-head” at the lower end of the suction pipe is usually flared 
laterally to form a long slot, open part down, sometimes with one edge 
extended to act as a cutting edge or scoop, and may be from 5 to 20 ft long 
and approx 1 ft wide This orifis, placed at rt-anglcs to the length of the 
vessel, drags over the bottom as the vessel moves along, acting much like a 
household vacuum cleaner, except that water msted of air is the medium 
for canning the dirt, and the dirt is subsequently separated by sedimentation 
insted of being filtered out Water jets are often used at the orifis, arranged 
so as to break up the mat’l to be excavated, and to put it into better condi¬ 
tion for being suckt up. No ladder is used, the pipe being its own arm. If 
one pipe is used, a well is cut thru the hold, but it is usual to employ two 
pipes, one on each side of the vessel, outside the hull. The pump and 
engin are much the same as in the pipe-line dredge, except that whore two 
pipes are used, the centnf pump may be a double one, with the advantage 
of balanst hydr thrusts. No discharge pipe line is used, the water and 
dredged rnat’l being deliverd into hoppers bilt into the hull, as in the con- 
tinuue bucket sea-going hopper dredge, 71 and 7.">, provision being made 
for draining off the water Maneuvering consists merely in steaming 
along slowly while the lower ends or drag-neads of the suction pipes drag 
over the bottom, and the movements are repeated, in approx paralel courses, 
as may be nec'y. Operation, so far as control of suction and cutting are 
eoncernd, is much the same as with the pipe-line dredge (K82). Utility. 
The advantages are, freedom in navigation, no exceptional obstruction to 
other vessels, sea-going ability, and lack of nipe-hne. The chief disadvan¬ 
tage lies in the necessity for stopping when trie hoppers are full, and travel¬ 
ing to a suitable dumping ground and returning. 

Sites, Capacities, etc. 

9.>. Where two figures arr given, they are for usual min and max; while 
three figs denote usual min, av and max respectively. 


Hull, length, ft. 

width, ft. 

Digging depth, ft 
Ladders, length, ft.. 
Pump, pipe diam, ins .... 

runners, diam, ins.. 
Vel in pipe line, ft/sec 
Pumping cap, cu yds/day 
% of solids pumpt .... 

Horse-power. 

Hopper cap, cu yds. 

Speed of vessel, mi/hr... 
CoBt of dredge. 


"Stationary” 

General 

"Sea- 

hopper” 

.. 70 - 200 
.. 20- 44 

15-50 

45-85 

140 - 460 
30- 60 


12. 20. 48 

46 - 96 



10-18 

5.000 - 50,000* 



5*. 25*. 40 
up to 5000 

300 - 3000t 
6- 10 


$100,000 - $400,000 



Sub-Aqueus Rock Excavation 

Methods 

96. Where rock is loose or quite soft, it may be dredged directly, as by 
dipper or eontinuus bucket dredges. But where it is hard, it must first be 
broken, either by rook-breaking machines or by blasting, and then dredged. 


* Dredges "Delta” and "J. Israel Tarte”. 
t From Simon's "Dredging Engineering". 
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Rock- Breaking Hammering, Cutting or Chiseling Marliinw. 

97. The Lohnitz type of breaker is similar to a pile-dm > r, and consists 
of a barge eariving machinery for operating a ma.sMv steel ram, which is 
repeatedly raisd and dropt on to the rock beneath, which is thus shatterd 
more or less The ram is from 30 to (it) ft long, and up to 2 ft or more in 
rliam. Together with the special shoe on its lower end, it mn\ weigh from 
3 to IS or 20 tons or more, tho the lighter rains are now seldom used, and 
rams of over If) tons are exceptional The ram i« dropt thru a lit of from 3 
to 15 ft. depending largely upon tin results obtaind, and at frequencies of 
from 2 to IS drops per nun, -4 to 12 being usual I he roi k mav shatter to a 
depth of from 1 to 6 ft, depending upon its nature \uilmnlies do not 
recommend that roek-brcakers attempt to break up a la\er more than 2 ft 
thick at one time, tho operations are frequently foist down thru 3 ft (For 
greater depths of excavation, rather than stop, dredge and break again over 
the same area, drilling and blasting is recommended and usually resorted to). 
After shattering the rock at one point, the barge is shifted from 3 to 5 ft 
either ahead or laterally, and the operation is repeated, attacking the rock 
on the corners of a chccker-bord pattern Usually. 10 to 30 blows suffice 
at each point, tho some rocks ha\e yielded under 2, while others have 
required over 50 blows The resulting rock-breakage mat amount to 
from 150 to 300 or more cu yds per day (of 21 hrs). The life of the point 
of the rum may be from 100,000 to 500.000 blows, and is lengthened by 
hating the point hardened at its core, so that as the ram wears, it will always 
remain fairly sharp. 

98. The Submarine Co has patented a rock-cutter in which the ram is 
surrounded by a metal casing, extending down to the rock surface, from 
which the water is kept expeld by comprent air. and the point or chisel is 
separate from the body of the hammer, and remains upon the rock It is 
claimd that the resistance which water offers to an exposed ram is so senus 
as to make this machine exceptionally effeetiv. 

99. Care must be taken to prevent the cable to which the ram is attaebt, 
from slacking down after the ram strikes bottom, as the cubic is likely to 
kink, and to be injured or to break when again puld taut. 

100. If the bottom dope* much and is very hard, rock breakers are 
difficult to operate, for the rain receive a severe hor reaction, and the mount¬ 
ing and barge are senusly rackt if the lateral movement is restraind. 

Blasting. 

101. Unronfined Explowv*, merely laid on tho surf of the rocks and 
there exploded, have been used with some success on soft rocks A second 
charge over the same spot may do fairlv efficient work, but the resulting 
debris acta as a cushion for any further charges, and should be Heard away 
before proceeding. 

102. Drilling and Blasting is the usual method of breaking rock under 
water. A barge or scow is used, HO to 130 ft long. 30 to 45 ft wide, and 7 
or H ft deep, with a draft of about 4 ft It must be solidly bilt to withstand 
the shocks of the blasts Usually it has a strong spud at each corner, oper¬ 
ated by power, so that the barge may he lifted from its normal flotation, 
thus practically standing on the bottom. 

103. Some half dozen drill* may be mounted on the barge, with a sparing 
of 6 or 8 ft, being either of the usual “drop” or “percussion” type, but 
exceptionally massiv and powerful, and delivering abt 250 strokes per min. 
While the mountings of the drills do not. seem to have been standardized, 
yet in gen’l the drills are mounted on lower* or rolumN, and either over¬ 
reach the side of the vessel or operate down thru wells Provision is made, 
/or raising and lowering the drills either by sliding on the towers, or by 
mounting each drill on a eolum or “drill *piid“ t which can be raisd or 
lowerd as a whole, while alongside the eolum are carried long gule pipes or 
tubes, inside which the drill operates. The pipes and drill spud extend 
down to the rock, and scrv to stedy the drill rod. to relocate the hole when 
changing drills, and to reduce the inflow of soft mat’l. The towers, column, 
or drill spuds, are usually so arranged that they ran be moved laterally, 
to adjust their spacing as desired The bit* arc from 2‘$ to 3Hi ins in diam, 

3 or more being more usual. The depth of hole is abt equal to the 
spacing betw holes, but should eventually extend sev’l ft below the level to 
be attaind, to allow for irregular breakage. 
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104. Blasting is accomplish t by BO to 75% dynamite, in sticks 2 to 2>£ 
,nn diani. tainpt in place from the drill boat. The drill boat la then 
moved abt 50 ft aw v, and the charge exploded electrically. The boat is 
then roturnd and starts a new row of holes a diet ahead abt equal to the lat'l 
sparing employd. One of the most notable pieces of work was that done 
in the Galop* Itapids of the St Lawrence R, with a turbulent current of 
s to 12 mi/hr. The drill boat carried four 5" drills. It was held in place bv 
four 2' >" x 20" power-eontrold spuds, with the aid of five 1^" chains which 
were used also for maneuvering, and which, on account of their wt and 
sag, prevented the development of sudden severe stresses. 75,000 cu yds of 
rock were excavated; nv cut fi 5 ft; 1 1/3 lbs of 75% dynamite per cu yd. 

I he blasted rock was removed by a dipper dredge, similarly equipt with 
spuds and chains 

103. Undermining, Mining, or Honeycombing, has been employd 
lore and there in large operations, such as the removal of Flood Rock, 
Last 1{, New York The area to be excavated is first enclosed, as by coffer- 
dam* and pumpt out (unless part of the rock is above water level, when 
the work ma> be started from dry rock), after whieh shafts and drifts and 
t.iMH'ls are dnld and blasted out. aud then loaded with dynamite and pre¬ 
pared for electric firing The area may then be flooded aud blasted, often 
hi a s’tigle blast 

105 ‘ a . Diving Bel In ha\e been used occasionally on email operations. 

Dredging. 

1(K». \fter breaking up the rock bv anv of the methods given above, it 
mu-t be removed Dipper or eontinuus bucket dredges are usually employd 
foj this work, as in ** 57 etc aud 70 etc. 

Mi*rellaneou* Dredges 

107. “l T niver*al“ or Combination dredges have sometimes been used, 
(•insisting merely of several kinds of dredging machines assembled together 
on the same vessel, and are prob seldom advisable unless there is in prospect 
an unusually large amount of work for which such a combination would 
be of sorvis • 

108. “Hydraulic Giants’* may sometimes be employd to advantage to 
break down a bank in advance of the regular dredge on which they may be 
mounted A hydr giant consists of a large nozzle which may be aimd as 
desird. and supplied with water at very high pres thru piping, by means of a 
powerful centrifugal pump. 

10ft. Pneumatic dredges have been tried, but apparently without success. 

110. A “Stone Lifter” was used by the Canadian Gov't on the St. 
Lawrence R, consisting of a grab with tongs, operating thru a well in the 
center of the vessel, being capable of lifting boulders of 50 tons each. 
(Prelim, “Dredges and Dredging”) 

TRANSPORTATION OF MATERIALS 
Scow* or Barge* 

111. The vessels used for carrying the material from the dredge should 
be very strong, to withstand the shocks of loads of dirt dumpt into them, 
and probable rough treatment in maneuvering They are usually merely 
rectangular barges Within, however, are false sloping sides, which lead 
the mat'l down to the hoppers in the center of the bottom, and which, 
together with the vert outside walls of the vessel, form an air space which 
supplies most of the buoyancy. The hopper doors, when opend, should not 
extend below the bottom of the scow, as they may strike ground. They are 
usually operated by chains working over winches on frame-work above. 
The scows, if they arc to carry economical loads, may be of considerably 
greater drnft than that of the dredge, so that it is sometimes necessary to 
maintain u channel of extra depth, in advance, to accommodate them. 

112. Different Material* may make trouble for scows in varius ways. 
Sand and silt, deposited from a hydr suction dredge, may not settle rapidly 
enough, and much may be lost overboard with the water. Clay often 
sticks when the hoppers are opend, and may have to be washt out. Gravel 
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S ives perhaps the least trouble of any. Large rocks, of course, even when 
epoeited carefully, hammer the scows seriusly, and shorten their lives. 

113. Chutes, Shoots or Slides of varius kinds arc often cmployd as 
means toward final disposal. Wet clay will slide on a chute inclined at 
l-on-5 to l-on-3; but wet sand will not;move on l-on-2 without water or push¬ 
ing; and the usual slope is l-on-1.5 to l-on-2.2, or l-on-1.8 to l-on-2. How¬ 
ever, Prelim, in his “Dredges and Dredging”, quotes from l-on-10 for soft 
mud, to l-on-25 for fine sand and water, perhaps with ample lubrication 
by water. 

POWER 

114. Steam is the most usual power for drcdgcR, tho apparently unable 
to give anything like continuus servis Steam dredges arc customarily 
shut down for a day eaeh week on the Mississippi or other rivers where the 
water is bad. A condensing plant and extra boiler may be uecessary 

115. Oil engins are eoming into considerably greater use. They have 
from 2 to fi cyls, with H-P around 100 The use of friction rlutrhoN 19 
important to prevent stalling or injury by unexpected overloads Drag-line 
excavators on the drainage works of the Kio Grande irrigation project (Log 
N-R, ’19 Sep IK) operated with fuel costs of from $0 011 to 80.022 per cu yd 
of mat’l excavated. 

116. Electricity, where readily available, is claimd to have many advan¬ 
tages;—-lower first cost, no boilers on dredge (making smaller hull possible) 
no coal to transport, control simple and good, and more nearly continuus 
operation than steam. Tho practis is not defimtly crystalized, it is cus¬ 
tomary to carry the current from the land to the dredge at 2200 volts, by 
means of a cable designd for much higher voltage to protect it against 
abrasion, etc. Sometimes the cable is laid in the water on the bottom, but 
often it is carried over the water on pontoons, utilizing the pontooiu of the 
discharge pipe if there is one; or the cable may be floated by buoyant sheath¬ 
ing. Where there may be lightning, thoro protection against it is advisable 
The motors are either 2200-volt, operating dirertly from the cable, or if of 
less voltage, a transformer is instald on the dredge. Motors are used of 
from 50 to 800 HP or more, and run from abt 1100 to 300 revs/nun. 

SURVEYS AND COMPUTATIONS* 

117. Ordinarily, a cross-section of a body of water to be dredged, will 
correspond broadly to Fig 12, in which NFABEM is the bottom. Usually 
all that will be needed for passage of vessels will be an enlarged cross-section 
such as ABCD. (See also *13 in regard to “squatting” ) But if the approx 
triangles FAD and BEC are not exravated also, they may sooner or later 
fall into the area ABCD, and reduce its depth. These aide slopes, FD 
and EC, will range from l-on-3 to l-on-5; under docks, l-on -2 to l-on-4; 
while river silt may flow out almost flat. Furthermore, it is impossible for 
any kind of dredge to excavate to precisely the plane FDCE desired, but 
must excavate somewhat below it to insure that all mat’l above has 
been removed. This will result in a somewhat irregular bottom, as 
NJghijklmM, which should be. nowhere above FDCE. Inasmuch as an 
operator might prefer to dig out large chunks to much greater depths than 
called for, so as to be paid for "this excessiv removal of mat’l, it is customary 
to specify a still lower level, NLGM, a given vert dist below the roqd depth 
FDCE. This is known as “overdepth”, and only that mat’l is to be 
paid for which lay above the irregular line Nfghi, the straight line ik, the 
irregular curv klm, and the straight line mM, is to be paid for; ik and mM 
illustrating instances in which the overdepth was exceeded in the actual 
dredging. The overdepth is usually taken as 2 ft for grapple and dipper 
dredges, and as 1 ft for continuus bucket and hydr dredges. 

118. Sounding* are made usually both before and after the dredging, and 
In front of and to the rear of the dredge, as it proceeds, by any of the usual 
methods. Thus, there is establisht the topografy of (1) the original bottom, 
represented by NFABEM , in the section shown in Fig 12, and (2) the 
excavated bottom, represented by the irregular line NfghijklmM. The 
soundings taken in advance show whether the depths are sun for flotation 


♦Nearly all of the information in this portion of this article, 111!117 to 
131, haa been deduced from Mr. F. Lester Simon’s “Dredging Engineering". 
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of the scows. Owing to the great cost of rock excavation, surveys for it 
should be made with exceptional care, and wire sweeps should be era* 
ployd after excavating, to make sure that no points remain above grade. 

Place Measurement 

119. Computations oi volume excavated betw the irregular surfs rep¬ 
resented by XFABBM and NfghijklmM, may be made by any one or 
more of the following methods Averaging end areas is largely used for 
long narrow areas, as channels The Pnsmoidal formula, as employd in 
]<H eartl work computations, is also used. In the contour-planimeter 
method, contours are plotted from the soundings obtaind, and a planimeter 
traced over them in order to obtain the areas, and from these the vols, 
assuming that the vol is composed of flat BlabB with thicknesses equal to the 
vert intervals betw contours, and with vert edges co-ineiding with the 
contours. Either this or the following is well adapted to large irregular 
ureas Square weetion or “unit” method, in which the vol excavated 
is eonceivo as composed of vert square prisms, each pnsrn containing one 
sounding, or a group of soundings. 



119a. Uncertainty in place measurements may arise becaus mat’l from 
districts outside the dredged area may drift back in while the work is going 
on, thus giving the contractor more rnat'l to excavate thafi would be indj- 
<atrd by the two place measurements. Prelini ("Dredges and Dredging") 
bclicvs this never exceeds 10% of the entire amount excavated. On the 
other hand, the new excavated channel, if appropriately located, may result 
in a scour which would help the contractor. For such reasons scow meas¬ 
urements arc usually made where practicable, in addition to the place 
measurements. 

Scow MfiBNuremeni 


119h. By Volume. For this purpose, the internal vol of the scow (or 
hoppers, on sea-going dredges) is useertnind, and if the mat’l is at any time 
piled up above the upper level of the scow, the vol of such pile must be 
computed or closely estimated (say by cross-sectioning, as in HR work). 


119c. Bv Weight. Or, by computing the external vol of the scow, its 
displacements may be aseertaind for given supposed added loads, so that by 
measuring the amount by which the scow is deprest by the added load of 
excavated rnat'l, the wt of that niat’l can be found, (provided the water 
density can be made sure of, which may not be practicable in tidal estuanes). 
It would still remain, however, to translate tin- wt into vol, which can of 
course be done by weighing and measuring the contents of an evenly filled 
dipper, for example. 


120. Uncertainty due to Increas in Bulk will still exist, however, 
becaus practically all mat’ls, after being excavated, will not settle back into 
as small a space as they occupied "in situ", and the increas in bulk is by 
no means the same for all niat'ls. The increas to be allowd should ba 
eetablisht in the contract. It may usually be taken as betw 5 and 30%, tho 
usually betw 15 and 25. For a heavy mixture of mud and sand, it may 
be taken as 16 or 17% (an increas of 1/6), fine running sand or silt, leM than 
this, and mud or clay more when stiff -enough to hold ita voids. Prelim 
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(“Dredges and Dredging") states that in the Ambrose channel, New York 
harbor, the increas was found to be 22%, and recommends that 30% be 
allow'd 

120a. Probing*. or Borings may be desirable or necospary, to ascertain 
in advance the character of the mat’l to be excavated. Probings consist 
in the driving of pointed rods into the bottom, and so “feeling" the character 
of the mat’l. Borings may be either core or wash borings, and aim to bring 
reliable samples of tne mat’l to the surf Core borings may be obtaind 
either by driving an open pipe into the bottom and then removing it with 
the mat’l adhering inside, or by means of a wood auger operating within the 
pipe Or a larger pipe may be first driven into the bottom, pumpt out, and 
then a smaller pipe forst down inside and then removed, thus obtaining 
samples nearly dry and undisturbd FFasA borings* are usually made bv 
operating a hollow drill within a pipe, water being forst down thru the hole 
in the drill, with the result that at least the lighter portions of the borings 
of the drill are washt up to the surf, but the results arc likely to be misleading 

Misrellaneus 

121. Range targets will be needed (unless the channel is quite narrow) 
to guide the dredge on its proper course Range targets are usually estab- 
lisht and mamt.aind by the engineers of the party cmplo>ing the dredge 
The locations of the targets should be laid out on the map Where pos¬ 
sible, the targets should be on the shore, or maintaind on piles specially 
driven, since anchord targets can hardly be held nsar enough to correct 

K itions. Each range is indicated by two targets, one a considerable dist 
ind and at a slightly higher elevation than the other; and for each 
range a diff character of target should be employd, as square, round, oblong, 
triangular, etc, while further diffs ean be hud by varying the colors If the 
dredge is to work at night, lights must be used at the targets The direc¬ 
tion** of the ranges should usually be paralel to the current, as this gives 
the greatest ease, in placing and holding the dredge where desired The 
width of cut for diff dredges is given as follows 

Grapple, 50 to 60 ft, Hydraulic, 40 to 50 ft, 

Dipper, 20 to 00 ft, “ stern spud pivot, 150 to 200 ft 

122. Tide Gage* will be needed, unless the depth of water remains 
pract’y constant to enable the operator to adjust the depth of cut, us the 
stage changes, and should be set up and painted boldly, so that lie can see 
them readily. ' 

123. Current Drift may have to be determind to assist in proper loca¬ 
tion ot a channel, or for other reasons, and may be ascertamd by any of Un¬ 
usual float methods. 

Records. 

124. Maps should of course be prepared, showing the soundings, and 
kept up to date, to show progress of the work 
125. Material Removed by Scows or Hoppers (except for hydr pipe¬ 
line dredges), and other information that ma> premia to be of value, should 
be recorded. 

126. Time record** should be kept of all operations, and subsequently 
classified or “distributed" in order to learn where wastes occur, and to 
otherwise supervise and adjust the methods of working (See 154 etc, 
Percentages of time spent m dredging operations ) 

127. Coat Estimate*. See also c 135 The elements that may be 
needed for estimating cost of work are summarized below from Simon's 
“Dredging Engineering". (Certain items would obviusly not arise on 
oertain kinds of work.) 

128. Preliminary Engineering Engineers and assistants and their equip¬ 
ment, on all steps from making surveys, to contracts, borings; overbed. 

129. Permits, Property. 

130. Preliminary Structures Dikes, ditches, shore pipe-lines, construc¬ 
tion plant, transportation, field office, overhed. 

131. Dredging proper. The engineer need concern himself with the 
following only when he is operating the dredge himself. Plant, labor, 
supplies, dump maint, and engineering and overhod connected with this work. 
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OPERATION AND MAINTENANCE 
Operating Efficiency 

132. Dredges arc usually so soriusly subject to breakdowns, and the 
entire plant is so very cxpensiv, that operating efficiency while running, is 
usually of much less importance than continuity of operation. Refined 
machinery of high theoretical efficiency is hkoly to prove much leas efficient 
in the long run. than hardy machinery that may consume more power con- 
tinmihlv' or need more men, but which dot's not involv frequent Bhut-downs 
covering long periods. For this reason also 

133. Duplicate Partw are strongly urged by almost all authorities. The 
depreciation of such parts ih slight, but that, together with the interest on 
the investment, is likely to be far less than the cost, resulting from trying to 
work without, such parts on hand Not only is there the computable loss 
of time, but the delays arc demoralizing to the crew, especially if men are 
laid off. 

131. Good Management is of prime importance. Fuel must be supplied 
in ample time to avoid shut-downs The boilers should not be fed with 
water of doubtful eharaiter A clean and ship-shape dredge has a good 
effect upon the crew The large suction dredges of Toronto harbor (Eng 
Ree ’1<> Apr 15) have main floors of cement and composition rubber, and a 
mm of wood trim. The tendency to run a dredge somehow, as long as 
possible, should be replaced by a strong policy of maintaining it continuusly 
at the best possible 


133. Satisfactory dredging costs are seldom available Figures often 
appear to refute each other. Often one or more of the following pieces of 
information is omitted.— t.\pe of dredgi, mat’l handled, whether interest 
and depreciation are included, time idle, number of shifts, etc. 

130. Modifying Factors. After referring to the data given below, esti¬ 
mates should be made of the probable or possible effects of the following,— 
dM to point of deposit, weather conditions, exposure of site, depth of cut. 
time idle, collisions and other lucidmits, the general skill of those operating, 
and efficiency of the nuuhmcry Set' 3 to 21 

137. All figures are to be taken as applying before the War of 1911. 

("laMMiiied by Dredges 

I3S. Drag-line Scrapers. Silt, loam and hard-pan from abt 12 to 
20 o eu >d, while disinti grated rock ma> run the cost up to 45 

139. Grapple dredges, (including clam-shell amt orange-peel). Mud, 
sand and elav from abt K to 00 p eu yd, more usually 15 to 40. 

110. Dipi>er dredges bight niat'ls. as mud. sand. silt, gravel and clay. 
;it from s to 40 or 00 r eu >d, tho hard-pan may run the cost up considerably 
over SI 00. 

111. ('mitinuus Bucket dredges Mud, silt, clay and disintegrated 
rock, from 10 to 30 f eu jd. 

112. Hydraulic Pi|»e-Iine dredges (“stationary”). Nearly everything 
but rock, from 5 to 30 p, eu yd. 

113. Hydraulic Sea-going dredges Mud, silt, sand and gravel, often 
as low as 2 or 3 t/cxx yd, with maxima around 10, tho one record gives 36. 

111. Bock Breaker* or Cut ten*. Figures appear very uncertain. From 
25 ami 30 to 70 or HO ( 'eu yd arc usual, but these hgs seem to be for break¬ 
ing only. Oue figure* is $i)/cu yd. Dredging would be extra. 

115. Drilling and Blasting has been recorded as low as 18^/cu yd for 
breaking only, while tigs around 50 i to $1 are usual. However, in Black 
Rock Harbor, Buffalo (report by W. L Saunders, in Xllth Internat'l Con¬ 
gress of Navigation), the tot cost including depreciation (but not dredging) 
was 48 ff/cu yd with drill holes av'g 9'9" deep, while with holes only 3'6" 
deep, the cost ran up to S5.57/cu yd. Again* $6.13 is quoted. One figure 
is available including dredging, $1.55^/cu yd. 


* British Columbia dredging fleet, Eng Rec ’13 Aug 23, p 209. Not 
stated whether dredging is included. 
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146. Undermining and Blasting of Flood Rock cost something under 
$3/cu yd for breaking only; and $5.88 including dredging. 

Classified by Materials 

147. Mud is generally removed at from 2 to 10 i/c u yd, tho the cost is 
occasionally considerably higher—around 30 or 40 if the job is small. 

148. Silt usually around 7 j*/cuyd. 

149. Sand; min around 5 i/c\\ yd, with 10 to 15 or 20 as more usual 
figures, occasionally running up to 30 and 40 or more for small jobs 

150. Clay is seldom excavated as cheaply as 5 fl/cu yd; more usually 10, 
20, 30 and 40. 

151. Hard-pan and Disintegrated Rock from 20 to 40 ff or 50 f/cu yd 
—possibly a dollar or more. 

152. Gravel. 2 to 12 t /cu yd, or possibly as high as 30 

153. Rock, see 144 etc, Rock Breakers, etc 

Percentages of Time 

Spent m Dredging Operations 

154. The following figures have been compiled from Report of Chief of 
Engrs, U.S.A., 1019, being av’s of a number of dtff dredges of each type, 
and are especially valuable as indicating the ways in which senus losses of 
time may occur. 


155. Time at Work 

Bucket 

Dipper 

Hydraulic 
Pipe-Line 

Sca-Gomg 

Hopper 

Dredging . 

10 15 

5 88 

15 12 

14 35 

Waiting on tug. 

0 30 




Handling scows. . 


0 37 



Handling pipe-line . 



1 94 


Handling swinging wires . 



0 98 


Turning in cut . 




0 79 

To and from dump. 




7 16 

Dumping. 




1.39 

Spudding up. 

0 30 

0.3S 



To & from wharf & anchor’g... . 



0 27 

2 49 

Placing dredge. 



0 57 


Taking fuel and supplies . 




2 99 

Waiting for vessels to pass 



0.18 


Miscellaneus. 

1.67 

1.63 



Totals, tune at work . 

12.42 

8 26 

19 (Mi 

29.17 


156. Time Lost from Work 

Bucket ! 

i 

Dipper 

Hydraulic 

Pipe-Line 

Sea-Going 

Hopper 

Repairing... .'. 

4.60 1 

2.58 

7.70 

11.01 

Bad Weather. 

1.90 

5.44 

2.41 

3.29 

Changing location of plant . 

2.97 

1.21 

2.58 

0.00 

Delays. 

Sundays and holidays. 

4.17 I 

4.40 

0.00 

0.00 

10.31 

10.41 

10.77 

14.88 

Out of commission. 

Lying at berths. 

Transferring, etc. 

36.68 

58.64 

28.56 

0.21 

4.61 

30.75 

1.21 

Miscellaneus . 

J 26.95 

8.49 

27.30 

4.92 

Totals, time lost from work.| 

; 87.58 

91.47 

■ 

79.53 

70.67 
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FOUNDATIONS. 

A volcmb might he occupied by this important subject alone. We have space for 
only a few general hints; leaving it to the student to determine how far they may 
be appln able in any given case. In ordinary cases, as in culveits, retaining walls, 
Ac, if excavations, or wells, Ac, in the vicinity, have not already proved that the soil 
is reliable to ft considerable defith, it will usually be a sufficient precaution, after 
having dug aud levelled off the foundation pits or trenches to a depth ol 8 to 5 ft. to 
test it by ail iron rod, or a pump-auger; or to sink holes, in a lew spots, to the depth 
of 4 to 8 ft farther; (depending upon the weight of the intruded structure;) to ascer¬ 
tain if the soil continues firm to that distance. If it dues, theie will randy be any 
risk in proceeding at once with the masonry; because a stratum of firm soil, from 4 
to b ft thick, will be safe for almost any oidmary structure; even though it should 
be underlaid by a much softer stratum. If, however, the firm upper stratum is ex¬ 
posed to running water, as in the case of a bridge-pier m a river, c.ue must he taken 
to preserve it from gradually washing away; or from In-coming loosened and broken 
up by violent freshets; especially if they bring down heavy masses of ice. trees, and 
other floating matter. These an* sometimes arrested hy piers, and at cumulate so as 
to form dams extending to the bottom of the stream; thus creating an inn ease of 
velocity, and of scouring action, that is voiy dangerous to the stability both "f the 
bottom and of the structure. When the testing 1ms to be made to a considerable 
depth, it may he necessary to diive down a tube of eitlo-r wrought or cast iron, to 
prevent the soil from tailing into the unfinished hole If nenssaiy. this tube may 
be in short lengths, connected by screw joiuta, for convenience oi di iving, aud the 
Barth inside of it may be removed by a small scoop with a long handle.* 

Borings in common noils or clay may be made 100 feet deep in a day 
or two by a common wood auger \\: t inches diameter, turned by two to four 
men with 3 feet levers. This will bring up sample'¬ 
ll! starting the masonry, the largest stones should of course be placed at the bot¬ 
tom of the pit, so as to equalize the pressure as much as possible: and eaie should 
be taken to lied them solidly in the soil, so as to have no rocking tendency The 
next few courses at least should be of huge stones, so laid as to break joint thoroughly 
with those Mow The trenches should be refilled w ith earth as soon as the masonry- 
will permit; so as to exclude ram, which would injure the mortar, and sotteu the 
foundation. It is well to ram or tread the earth to some extent as it is being deposited 

If the tests show that the soil (not exposed to running wafer) is too soft to support 
;he masonry, then the pits should he made considerably w ider and deeper; and after¬ 
ward be filled to tlieir entire width, and to a depth of from 3 to ii or more ft, (de- 
)ending on the weight to Is- sustained,! with rammed or tolled layers of sand, gravel, 
>r stone broken to turnpike size; or with concrete in which there is a good propor- 
ion of cement. On this dejxisit the masonry may he started The common practice 
n such cases, of laying planks or wooden platforms in the foundations, for building 
ipon, is a very bad one. For if the planks are not constantly kept thoroughly wet, 
hey will decay in a few years; causing cracks and settlements in the masonry. 

8ome portions of the brick aqueduct f for supplying Boston with water gave 
t great deal of trouble where its trenches passed through ruuniug quicksands and 
ither treacherous soils. Concrete was tried, but the wet quicksand mixed itself 
rith it, and kill'd it. Wooden cradles, Ac, also failed , and the difficulty was finally 
■vercome by simply depositing in the trenches about two feet in depth ol strong 
;ravel.J Sand or gravel, when prevented from sprindmg sulewuyi, forms one of the 
*est of foundations. To prevent this spreading, the area to In* built on may lor sur- 
ounded by a wall; or by squared piles driven so close as to touch each other, or ui 
ess important cases, by Bliort aheet piles only. But generally it is sufficient simply 


* Subterranean caverns in limestone regions are a frequent source of trouble, 
igainst which it is difficult to adopt precautions. 

■f The Coehituate aqueduct, built 1846-4K; egg-shape, feet 4 inchesX feet, 
with semicircular invert. 

| Smeaton mentions a stone bridge built upon a natural bed of gravel only 
ibout two feet thick, overlying deep mud so soft thut an iron bar 40 feet long 
sank to the head hy ita own weight. One of the piers, however, sank while the 
ircheB were being turned, and was restored by hineaton. Although a wretched 
precedent for bridge-building, this example illustrates the bearing power of a 
thick layer of well-compacUKl gravel. 
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to give the trenches a good width; and to ram the sand or gravel (which are all 
the better if wet) in layers, taking care to compact it well against the a idea of 
the trench also ruder heavy loads, some settlement, will, of course, take place, 
as is the case m all inundations except rock. If very heavy, adopt piling, Ac. 

hee (iRILUaok. 


When an unreliable noil overlies a firm one. but at such a 
depth that the excavation of the trenches (which then must evidently be made 
wider, as well as deeper) becomes too troublesome and exjiensive; especially 
when (as generally hap|iens in that ease) water percolates rapidly into the 
trenches tioin the adjacent strata, we may resort to piles When 

making deep toundation-pits in damp clay, we must lemembcr that this 
material, being solt, has, to a certain degree, a tendency to press in every direc¬ 
tion, like watei. This causes it to bulge inward at the sides, and upward at the 
bottom The excavations for tunnels, or tor veitical -.hafts, often close in all 
around, anil become much central ted thereby In fore thev can he lined , there¬ 
fore tliev should he dug largei than would otherwise lie necessary. The bottoms 
of canal and tailroad excavations in moist clav aie frequently pressed upward 
by the weight ol the sides. Dry cl«y rapidly absorbs moisture from the air, 
and swells, pioducing effects siniilat to the loregoing It'expansion i- attended 
by great pressure, so that retaining-walls hacked with dry rammed clay will 
he in fdanger of bulging if the clay should become wet It is a treacherous 
material to work in For concrete foundation*. see Concrete. 


Ah to the jereatenf load that may safelv be trusted on an earth founda¬ 
tion, Kankine advises not to exeeid 1 to 1 5 tons per square foot But experi¬ 
ence proves that on good compact gravel, sand, or loam, at a depth beyond 
atmospheric influences, 2 to 8 tons are safe, or even f to f» tons if a few inches of 
settlement may be allowed, as is often the case in isolated structures without 
tremors Years may elapse before this settlement ceases entiiely. I’ure clay, 
especially if damp, is more compressible, and should not l>e trusted with more 
than 1 to 2.5 tons, according to tnc case All earth foundations must yield *ome- 
u'hnt. Equality of prenMiire is a main point to aim at. Tremor in¬ 
creases settlements, and causes them to continue for a longer period, especially 
in weak soils. (Jreat care must be taken not to overload in such cases, even if 
piled Foundations* in Hilly nnilH will probably settle, in years, at the 
rate of from 8 to 12 Inches per ton (up to 2 tons) per square foot of quirt load, 
if not on piles. 

Figure 2 shows an easy mode of obtaining a foundation in certain cases. It 
is the *• plerre perdue” (loststone)of the French; in English, “ran¬ 
dom stone," or rip-rap. 

It is merely a deposit of rough angular quarry stone thrown into the water; 
the largest ones being at the outside, to resist disturbance from freshets, ioe, 
floating trees, Ac A part of the interior may lie of small quarry chips, with 
some gravel, sand, clay, Ac. When the bottom is irregular rock, this process 
saves the expense of levelling it off to receive the masonry. For 2 or 3 feet 
below the surface of the water, the stones may generally be disposed by hand, ho 
as to lie close and firmly. Small spawls packed between the larger ones will 
make the work smoother, and less liable to be displaced by violence. Cramps 
or chains may at times lie useful for connecting several of the large stones 
together for greater stability. Rip-rap, however, in apt to settle. 


If the bottom in ho yielding a* to he liable to wanti away in 

freshets it max, in addition, be protected, as in Fig 2„by a covering of the same kind 

of stones, as at o; extend¬ 
ing all around the struc¬ 
ture. Or the main pile 
of stones may be extend¬ 
ed as jier dotted line at d ; 
so that If the bottom 
should wash away, as per 
dotted line at o, ths 
stones d will fall inte 
the cavity,and thus pre¬ 
vent further damage. 
Sheet-piles, » «, may be 
driven as an additional precaution. For greater security, the bed of the river may 
be dredged or scooped under the entire space to lie covered by the main deposit, as 
p. r dotted lines in Fig 8, to as great a depth as any scouring would be apt to reach; 






toe. to, tiier may'be covered in whole or in pert with pluck, or plete iron; end ti>« angle* strength* 

toed by Iron etrept, ke. In deep water, a foundation may be made pertly of random eumc, m la 
Pin 2 end I: and on top of till* mar be annk a crib, with ite lop about 2 H under low water, aa a bead 
to tbc masonry. Tbia ta much safer titan random atone alone, 

Ob uneven rock bottom it nay be necessary to aeribe the bottom of tb* 

Bribto 8l tbc rook; or tbeerib may Brat be annk by meana or a loaded platform on ita top, or by 
UIidk acme of ita oella, until it* loweat timbera art witbln a abort dliunoe above the bottom. Being 
there kept in a boriumtal petition, email etouee may be thrown Into the oella, and allowed to find 
their way under the timbera of tie crib, tbna forming n (oral support for It. The oella may then b# 
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A crib with only an outside row of cells for sinking It may be 

(Milt and the interior chamber may be filled with ooncrete under water. Tbe masonry may then 
rest on the concrete alone. If the orib reate upon a foundation of broken stone, the upper Interstices 
of this stoue should first be levelled off by small stone or coarse gravel to receive the conoreta of the 
inner chamber. 

Or a crib like Fig. 4 may be sunk, and piles be driven in the cells, which 

may afterward be filled with broken stone or concrete. The masonry may then rest on the piles only, 
which In turn will be defended by the orib. If the bottom is liable to scour, place sheet piles or 
rip-rap around the base of the crib. 

By all means avoid a crib like e, Fig; 5J4, much higher at one part 

than at another, i/ the superstructure « is to rest on the timber of the crib instead of on 

[ dies, or on concrete independent of the timber; for the high part of the orib will compress more under 
ts load than the low part, and will thus cause the superstructure to lean or to crack. 

A orib either straight sided or circular, with only an outer row of cells for pud¬ 
dling may be used as a cofferdam (see cofferdams,p. 686). Theioints 

betweemthe outer timben should be well oaulked; and care be taken, by means or outside pile-planka, 
gravel, cc, to prevent water from entering beneath it. 

The cast-iron Bridge across the ftchnylkill at Chestnut St, 

Pllila, Mr. dtricklaml Kiieass, Engineer, affords a htriking example of crib 

foundation. The center pier stauds on a crib, an oblong octagon in plan , 31 by 87 feet at base ; 34 
by HO ft at top. and (with its platrorm) 29 ft high. Its timbers are of yellow pine, hewn 13 lot 
•quare . and framed as at Fig 3. T he lower timbers were carefully cut or scribed to oonform to the 
irregularities of the tolerably level rock upon which It rests. Theae were ascertained (after tbe 8 ft 
depth of gravel had been dredged oil ) in the usual manner of mooring above the site a large Boating 
wooden platform, composed of timbers corresponding In position with all those of the lower oourae 
of the Intended crib, both longitudinal and transverse. Sounding* were then taken oloee together 
along all these lines or timber. Most or the cells are about 3 by * ft on a side, in tbe clear. A few 
or them had platforms at the level of the second course from the bottom, for receiving stone for link, 
inf the crib, the others are open to tbe bottom. 

The crib was built in the water ; and was kept floating, during its construction, with its unfinished 
top continually lust above water, by gradually loading it with more stone as new timbers were added. 
The stone required for this purpose alone was 300 tona. When the crib was towed into position, and 
moored, 150 tons more were added for sinking it. All tbe cells were afterward filled with rough dry 
stone, and coarse gravel soreening* . making a total of 1686 tons. A platrorm of 12 by 12 inch squared 
timber covered the whole, Its lop being 3H ft below low water The pier alone, which stands on this 
crib, weighs 3255 tons, and during its construction it compressed the crib 6ins. the weight of 
superstructure resting on the pier, may be roughly taken at 1000 tons more. 

An ordinary caittMon is merely a Ntronft Meow, or a box with¬ 
out a lid; and with sides which may at pleasure be readily detached from it* bottom. It i» built op 
land, and then launched. The masonry may first be built iu it. either in whole or in part, while 
afloat, and the whole being then towed into place, and moored may be *unk to the bottom of tbe 
river, to rest upon a foundation previously prepared for it. either by piling, if necessary; or by 
merely levelling off the natural surface, 4c. The bottom of the caisson constitutes a strong limber 

platform, upon which the maaonry rests; and 
is so arranged, that after it is sunk, the sides 
mav be detached from it, and removed to be 
rebounmed for use at another pier, if needed. 
This detaching may be effected by some such 
contrivance as that shown m Fig 6, where 
P P w is the bottom of tbe caisson, to which 
are firmly attached at intervals strong iron 
eyes t ; which are taken hold of by hooks d, a* 
the lower end of long bolt* F. n, reaching to 
the top timbers 8 of the crib, where they are 
confined by screw nuts ti. By loosening tbe 
nuts «, the hooks d can be detached from the 
eyes t; and the sides can then be removed 
from the bottom, there being no other connec¬ 
tion between tbe two. Theae hooks and eyea 
are usually placed outside of tbe oaisson; the 
•crew nuts n being sustained by the projecting 
ends of crons pieces, as tt, Fig 9. The im¬ 
proper position given them in our Fig waa 
merely for convenience of illustrating the prin¬ 
ciple. It will sometimes be necessary to nave 
one sfde detachable from the others, In order to float the caisson away clear from the finished pier; 
unless it be floated away before the masonrv has been built 10 high as to render the precaution use¬ 
less Fig 6 shows one or nianv wavs of constructing a caisson; with sides consisting of upright 
corner-poets, 1; rap pieces 8. on top; and silis g at bottom, resting on the bottom platform PPe; 
Intermediate uprights T, framed into the caps and allla; the whole being covered outside by one or 
two thicknesses or planking B, whioh. as well as the platform, should be well calked, to prevent 
leaking. Tarpaulin also mav he nailed outside to assist In this. The greatest trouble from leaking 
Ib where the sides join the platform. On top of the platform is firmly spiked a timber o o, extending 
all around it just inside of the inner lower edge of tbe aides of the caisson. Its use U to prevent 
the side* from beiug forced inward by the pressure or the water outside. The details of construction 
will of course vary with the requirements or tbe case. Id deep oais*ous, inside oross-brace* or stmt* 
from side to side, as at c c, Fig 7, will be required to prevent the aides from being forced Inward by 
the pressure of the water, m the veetel gradually sinks while the masonry is being built within It. 
Aa the masonry i* oarried up. the stmts are removed; and short one*, extending from the aidea of 
the caisson to the masonrv, are Inserted In their piaoe. When the caisson is shallow, only tba upper 
course or braoei will be required, they also support a platform for the workmen and their materiala. 
In deep caissons, iu nrdsr not to be In the way or the masons, the outer planking or the sides may. 
iu part, be gradually built up as the mssonrv progresses. It may sometimes be expedient to build 
th* maaonry hollow at first, with thin trrswverse walls inside to uUtm it if necessary , and to com- 
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plete the interior after slukiug the caisson. Indeed, masonry or brickwork, in oement, may thus be 
built hollow at first, resting on the platform; the roanonr}’itself forming the sides of the caisson. 
Or the sides may cousist of a water-tight casing of iron, or’vumd, of the shape of the Intended pier, 
Ac. This casing being coutlned to the platform, becomes, In fact, a mould, ku which the pier may be 
formed, and sunk at the same time by filling it with hydraulic concrete. For 
concrete foundations, see Concrete. 

On rock bottom the under timbers pf the platform may be cut to suit the irregularities 
as already stated uuder “ Cribs." Or the bottom may be levelled up bv first depositing large stones 
around the area upon which the caisson is tu rest; and then filling between these with sinuller stones 
and gravel; testing the depth by sounding Or a level bed of ceuieut concrele limy, with .'are, he 
deposited iu the water. If there are deep narrow cievices in the lock, through which the connote 
may escape, they may be first covered with tarpaulin Diving bells may often iie used to nd\ outage, 
in all such operations. But in the case of very irregular rock, it will often be better to resort to cof¬ 
fer-dams. 

Valves for the admission of water for milking the caisson are 
usually introduced. If, after sinking, it should i-e necessan to again raise the whole, it in ouly 
necessary to close the valves, and pump out the water. Guide piles may lie di iven nml braced along¬ 
side of the caisson, to Insure its sinking vertn .ally, and at the proper spot. Or U may be lowered by 
screws supported by strong temporary framework 
Assuming the upiights I, T, Ac. Pig 6, to be sufficiently brnced, as at cc. Pig 7, the following table 
will show the thickness of planking necessary lor different distances apart ot the uprights, (in the 
Clear,) to insure a safety of six against the pressure of the water at dilleri-nt depths; and at the 
•amc time not to bend inward under said pressure, more than _j part of the distance to which 
they stretch from upright to upright; or at the rate of y A inch in 10 ft stretch; ^ inch in 5 ft, Ac. 
8uch & table may be of use In other matters. 

Table of thickness of white pine plank required not to bend 
more than part of its clear horizontal stretch, under 
different heads of water. (Ongmal.) 



Coffer-dams are enclosures from which the water nm\ la* pumped out. bo m 
to allow the work to be done in the open atr Their < oiinti uction of eouisi varies 
greatly. In still shallow water, a mere well-built hank of clay and growl; oi of 
hags partly filled with those materials when then* js much current, will answer 
every purpose; or (depending on the depth) a single or double row of sheet-piles; or of 
squared piles of larger dimensions, dnven tom lung each other; their lower end- a 
few feet in the soil; and their upper ouo a little above, high water, ami protected 
outside by heaps of gravelly soil or puddle.'«« at I* in Fig 7,> to prevent leaking. 
The sboet-piles may be of wood; or ol uu»t iron, of a strong form. 

The sufficiency of a mere hank of well-packed earth in still 
water, is shown by the embankmei is or lever, lo prevent rivers from overflowing adjacent 
low lands The levees along 700 miles of Hie Mlsslv«ppl average alsmt 6 ft high; 3 ft 
wide on top; side-slopes 1% to 1 In Hoods the river frequently bursts through them, 
doing immense damage. Tiny are entirely too blight. 

The method of a single row of 12 by 12 Inch squared piles, driven in contact with 
each other, (close piles,) and simply bached by an outer deposit of impervious soil, 
is very effective; and with the addition of Interior cross-braces or struts, like c C. Fig 
f, to prevent crushing inward by the outside pressure of the water and puddle when 
pumped out, has been successfully employed in from 20 to 25 ft depth of water, in 
which there was not sufficient current to wash away the puddle. The croffl-bracci 
ire inserted successively, as the water la being pumped out: beginning, of course, 
with the upper ones. The ends of these braces may abut on longitudinal Umbers, bolted 

to the piles for the purpose. Another method Is a strong crib, 
composed of uprights framed Into caps and sills; and covered outside with squared 
Umbers or plank, laid touching each other, and well calked; as in Uie caisson, Fig 
I; but without a bottom. Between the opposite palm of uprights are strong Interior 
swuu, as c C. Fig T, reaching from side to side, to prevent crushing inward. The 
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nppcr serios of those usually supports a platform for the workmen, windlasses, 4c. 
The crib having been built on land, is launched, taken to its final plaoe, and sunk by 
piling stones on a temporary platiorm resting on the cross-struts ; the bottom of the 
stream having boon previously levelled off, it necessary, for its reception. 

To prevent leaking under the bottom of the crib, sheet-plica may be driven around it, their heads 
extending a few feet above its bottom, or a small deposit of outside puddle may be placed around it. 
as shown at the stone deposit* 11, Klg *. Or a broad flap of tarpaulin may be closely nailed around 
ind a little above the lower edge or the ortb, ao arrauged that it may lie spread out loosely on the 
river bottom, to a width of a few feet all arouud the outside of the orlb, and the puddle maj be placed 
upon it Such a tarpaulin ii also very useful in case the river bottom ts somewhat irregular, and 
cauuot be levelled off without too great expense; in w hich case the crib cannot come to a full bearing 
upou It. and consequently the water would leak or flow beneath freely. It Is especially adapted to 
uneven rock . where sheet-piles cannot be driven. An artificial stratum of impervious soil may 'how¬ 
ever, be deposited on bare rock . in whioh case the sinking of the crib, and the subsequent operations 
will be the same »s on a natural stratum. These expedients are evidently more or less applicable in 
other cases, where, to avoid repetition, they arc not speoially mentioned. 



s, driven after the mb in sunk It h much infeitor to the last, owing to its greater 
liability to leak 'n one of this description. Fig 7, successfully used in HI ft water, 
the dimensionscifth. crib were ->4 ft by so ft 41ong each long side were 7 uprights 1.1, 
19 ft long 12 ins square, ft apart. Into eaeh opposite pair of these were notched, 
and held by dog-irons, 6 cross-braces *• r. of 12 ins .square. The distance lietween the 
two upper ones was .» ft in the clear, gradual 1\ diminishing to IS ms lietween the 
two lower ones, on account of the increased pressure of the water in descending On 
the outside of the uprights, and opposite the ends of the braces, were bolted longi¬ 




tudinal timbers to support the outside pressure against the 3-inch sheet-piling II 
Other longitudinal pieces o o , confine the heads of tne sheet-piles to the top of the 
crib after they are driven. The feet of the sheet piles were cut to an angle, as at m; 
to make them draw close to each other at liottom In driving. 

The sheetpiles will drive in a far more regular and satisfactory manner, with the 
arrangement shown in Figs 8. Here o oere the uprights; e e axe pain of longitudinal 
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pieces, notched and bolted to the uprights, near Imth their tops and their feet; and 
at as many intermediate points as may l»e desired. The sheet-piles I, are inserted 
between these; and of course are guided during their descent much more perfectly 
than in Fig 7. 

When the current is too strong to permit the use of outside puddle, P, Fig 7, the 
principle of coffer-dam shown in Fig 9, iB generally used ; in which both sides of the 
puddle are protected from washing away. The space to be enclosed by the dam is sur¬ 
rounded by two rows ol firmly-driven main pileB pp , on which the strength chiefly 
depends. They may lie round. In deciding upon their number, it must be remem¬ 
bered that they may have to resist floating ice, or accidental blows from vessels, Ac. 
With reference to this, extra /ender-pUtw may be diiven. A little below the tops of 
the main piles aie bolted two outside longitudinal pieces goto, called wales; and oppo¬ 
site to them two inner ones, as m the tig. The outer ones servo to support cross- 
timbers 11, which unite each pair of opposite piles, and steady them; and prevent 
their spreading apart by the pressure of the puddle P. The innei ones act w guides 
lor the sheet-piles s g, while being driven; after which the beads ol the sheet-piles 
ftre spiked to them. In deep water these sheet-piles must lie very stout, say 12 ms 
square ; to resist the pressure "I the compacted puddle. 

A gangway m, is often laid on top of the cross-pieces t t. for the use of the 
wotkmen in wheeling materials, Ac. The puddle P is deposited in the water in the 
space, or boxing, between the sheet-piles. It should be put in in layers, and com¬ 
pacted as well as can be done w ithout causing the sheet-piles to bulge, and thus open 
their joints. The bottom of the puddle-ditch should be deepened, as in the fig, in 
case it consists, as it often does, of loose porous material winch would allow water to 
leak in beneath it and the sheet-piles This leaking under the dam lb frequently a 
source of much trouble and expense. Water will find its way readily through almost 
any depth and distance of clean coarse gravelly and pebbly bottom, uumixed with 
earth. Sand is also troublesome: and if a stratum of either should present itself ex¬ 
tending to a great depth.'twill generally be expedient to resort to either simple 
cribs, Fig 4; or to caissons ; with or without piles In either case, according to cir¬ 
cumstances. But if such open giuvel, or any other permeable or shifting material, 
as soft mud, quicksand, Ac, is present in a stratum but a few feet in thickness, and 
underlaid by stiff clay, or other sale material, leaking may Ik- prevented, or at least 
much reduced,by driving the sheeting-piles 2 or 3 ft into this last, and by deepening 
the puddle-trench to the same extent It may sometimes la- better, and more con¬ 
venient, to dredge away the bad material entirely from all the space to be enclosed 
by the dam, and for & short distance beyond, before commencing the construction of 
the latter. If the dam, Fig 9, is (as it should be) well provided with cross-braces, 
like c c, Fig 7, extending across the enclosed area, the thickness or width « o of the 
puddle, need not lie more than 4 orb feet for shallow depths; or than 5 to HI ft for great 
ones: because its use is then merely to prevent baking. But if there are ne braces, 
it must be made wider, so ns to resist upsetting bodily ; and then,with good puddle, 
o o may, as a rule of thumb, lie % of the vertical depth o l below high water; except 
when this gives less than 4 ft: in which case make it 4 ft; unless more should be 
required for the use of the workmen, fordepowting materials, Ac. Or If the excavation 
for the masonry is sunk deeper than the puddle, the dam must la- wider, else it may 
be upset into the excavated pit. 

The exenvHted soil may he 

raised Id buckets by windlasses, or by baud. In 
snoeessive stages. The pumps may be worked 
by hand, or by steam, aa the ca>emay require; 
aa also the wlndtaaiea generally needed for 
lowering mortar, atone, Ac More or lean leak¬ 
ing may always be anticipated, notwithstanding 
every precaution. 

Where a ooffer-dam la expoaed to a violent 
eurrent, and great danger from ioe, Ac, the ex 
pensive mode shown in Figs 10 may beoome 
neoeaaary. The two black rectangle* e e, repre¬ 
sent two lines of rough cribs filled with atone, 
and sunk In position; one row being enclosed 
by the other; with a apace several feet wide be¬ 
tween them. Sheet-piles pp are then driven 
around the opposite flaoea or the two row* nf 
nibs; and the puddle is deposited within tbe boxing thui provided for it, aa shown In the fig. 

Where the eurrent is not strong enough to waah away gravel backing, we may, on rock especially, 
caeloae tbe space to be built on, by a single quadrangle of oriba sunk by stone; and after adopting 
precautions to prevent the gravel from being pressed in beneath the cribs, apply the backing * 

Figs 10^ "how the plan, outside view, and transverse section, to a scale of 20 ft to 
an Inch, of a coffer-dam on rock, In 8 to 9 ft water, used successfully on the Schuylkill 
Navigation. 
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CoffeiMtnm Oil rock. Uprights f>, about 1 ft square, and 10 ft apart from oentertooentM 
along the side, ot the dam; and 10 ft in the clear, transveisely of the dam, support two lines of hori- 
(ontai stringers, i t ; inside or which are the two lines of sheeting-piles, s «, enclosing between then 
a width of 1 ft of gravel puddle. Two Hat iron barn (it, of the transverse section) tie together each 
pair of uprights 6 6. These bars are M Inch thiok, by ins deep, and 9 ft long. Their hooked ends 
fit into eye-bolts e. which pass through the uprights 6; outside of which they are fastened by keys,*, 
(see detail sketch.) Between the keys and b, were washers. At the corneru of the dam (see plan) 
were additional tie-bars, as shown. A small band or straw, as seen aty, wrapped around the tie- 
bars just inside of the sheet-piles , aud kept in place by the puddle ; effectually prevented the leaking 
which generally pfoves so troublesome in such cases The stout oblique braoes, oo, were merely 
spiked to the outside races of the uprights b. They are not shown in the transverse seotion. This dam 
was built on shore, in sections 30 to 40 ft long. These were floated into plaoe, and weighted down, 
sheet-piled, and puddled with gravel. The dam had sluices by which water was admitted when 
necessary for preventing the outside head from excoedlug » ft. The lengths of the uprights 6 6 were 
first found by oareful soundings. 



The mooring of large chUnoiin or cribs, preparatory to sinking 

thorn, is sometimes troublesome, especially in strong currents. It may be neces- 
aary to drive clumps of piles; or to temporarily sink rough cribs filled with stone, 
V> which to attach the long guide-ropes by which the manoeuvring into position, Ac, 
h done. Frequently dams are left standing after the work is done; if not in the way 
of navigation, or otherwise objectionable; inasmuch as the materials are rarely worth 
the exiiense of removal. But if removed, the piles should not l»e drawn out of the 
ground; hut be rut nff close to river bottom; for if drawn, the water entering their 
holes may soften the soil under the masonry. It is often expedient to drive two 
rows of piles from the dam to the shore, for supporting a gangway for the workmen i 
or even for horses and carts, or for a railway for the easy uolivery of large stones, Ao 

Coffer-damn may be sunk through » soft to a firm noil, in 
shape of a box of cribwork, either rectangular or circular, and without a bottom. 
This being strongly put together, and provided with proper temporary internal 
bracing, (to be gradually removed as the masonry is built up,) is floated into place; 
and after being loaded so as to rest on the soft bottom, is sunk by dredging out the 
soft material from inside. Additional loading will sometimes be required for over- 
i oimug the friction of the soil against the outside; or it may even become necessary 
to dredge away some of the outer material also. On rock it may at times be 
expedient to drill holes in deep water, for receiving the ends of piles, or of iron rods, 
Ac. Thi» may be dono by means of long drill-rods, working in an iron tube or pipe 
sank as a guide to the rod; with its lower end over the spot to be Imred Or a diving- 
bell may be used. Or a cylinder of staves 4 to 12 inches thick, long enough to 
reach atwve the surface, and having abroad tarpaulin flapor apron around its lower 
edge, to bo covered with gravel to prevent leaking; may i»e sunk, and the water 
p..mpod out, to allow a workman to descend, and work In the open air. 

Piled. When driven in close cnhict.as In Fig 11, for preventing leakage; for 
confining puddle in a coffer-dam; or for enclosing a piece of soft or sandy ground, to 
prevent its spreading when loaded; or if the outside BOtl should wash away from 
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Generally these are thinner 
1 

'jj 


around them, Ac, they are called aheet-piles. 
than they are wide; 
but frequently they are 
square ; and as large as 
bearing piles; and are 
then called close 

J iles. To make them 
rive tight together at 
foot, they are cut ob¬ 
liquely as at /. Occa¬ 
sionally, when driven 
down to rock through 
soft Boil, their feet are 
in addition cut to an 
edge, as at i, no as 
to become somewhat 
bruised when they reach the rock, and thus fit closer to its surface. Their heads 
are kept in line while driving, by means of either one or two longitudinal pieces 
a ami o, called wales or stringers. These wales are supported hv gauge-julrs, 
or giwbt-pilcs , previously dnven tn the required line of the work, and several 
ft apart, for this purpose. See Figs 8. 



Fig; 11 


A dog-iron <1, of round iron, may also he used for keeping the edges of the 
piles close at top to those previously di nen, both during 
and after the driving. Its sharp ends, ec, being dmen 
into the tops of the wales it'to, (shown m plan,) it holds ® 

the descending pile o firmly in place. At n, d, />, 1'ig ___ * ' 

11, are other modes occasionally used for keeping the w ;_ —| > _] w 

piles m proper line. At p, tlie letters vs denote small Wl 

pieces or iron well screwed to the piles, a little al»ove w } ~ —• ) w 

their feet, to act as guides; very raiely used. At to 1 -- 

are showu wooden tongues ft, sometimes dmen down Fitf 12 

between the piles after they themselves have been 

driven; to assist in preventing leaks. In some cases shcet-pilis are employed 
without being driven. A trench is first dug to their full depth for receiving 
them; and the piles are simply placed m these, which aie then refilled, (.’loser 
Joints can lie secured iu this manner than by driving. 

When piles are intended to sustain loads on their tops, whether driven all their 
length tuto the ground, or only partly so, as in Fig 3. they are called bearing; 
piles*. They are generally round; from 9 to 18 insdiam at top; and should be 
straight, hut the bark need not l>e removed. White pine, spruce, or even hem¬ 
lock, answer very well in soft soils ; good yellow pine for firmer ones; and hard 
oaks, elm, beech, Ac, for the more compact ones. They are usually driven from 
about 2% to 4 ft apart each way, from center to center, depending on the char¬ 
acter of the soil, and the weight to he sustained. A tread-wheel is more 
economical than the winch for raising the hammer, when this is done by men. 
Morin found that the work performed by men working 8 hours per day, was 
3908 foot-pounds per man, per minute by the ticad-wheel; and only 2600 by a 
winch. 


After piles have been driven, and their heads carefully sawed off to 
a level, if not under water, the spaces between them are in important cases filled 
up level with their tops with well rammed gravel, stone 
spawls,or concrete, in order to impart some sustaining 
power to the soil between the piles Two courses of 
stout timbers (from 8 to 12 ins square, according to the 
weight to be curried) are then l>olted or treenailed to 
the tops of the piles and to eneh other, ns shown In the 
Fig, forming what is called a Krlllnffe. On top of these is bolted a floor or 
platform of thick plank for the supfiort of the masonry ; or the timbers of the 
upper course of the grillage may »>e laid close together to form the floor. The 
space below the floor should also, in important eases, f»e well packed with gravel, 
spawls, or concrete. If under water, the piles are sawed off hv a diver, or 
by a circular saw driven by the engine of the pile-driver, and the grillage is 
omitted. Instead of it the masonry or concrete may be built in the open air in 
a caisson, which gradually sinks as it becomes filled ; or on a strong platform 
which is lowered upon the piles by screws as the work progresses. Or r strong 
caisson mav first Ik* sunk entirely under water, ami then be filled with concrete, 
up to near low water; the caisson being allowed to remain. Or the caisson may 
form a cofferdam, to be first sunk, and then pumjKjd out. if the ground Is liable 
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to wash away from around the piles, as in the case of bridge piers, Ac, defend it 
by sheet-piles, or rip-rap, or both. 

The cost of a floating- steam pile driver, neow 24 fi by 50 ft. draft 
18 ins, with one engine for driving, and one (to save time) for getting another 
pile ready ; with one ton hammer, is about ¥6000 ; and ¥500 more will add a cir¬ 
cular saw, Ac, for sawing off piles at any roqd depth Requires engineiuaii, cook, 
and 4 or Mothers. Will burn about half a Ion of coal per day. Driving 20 feet 
into gravel, and sawing off, will average from 15 to 20 piles per day of 10 hours. 
In mud about iwice as many. On lain! about ball as many as iu water. 

In the gunpowder pile driver iuvented by the late Mr. Thomas Shaw, 
of Philadelphia, the hammer is worked by small cartridges of powder, placed one 
by one m a receptacle on top of the pile; and exploded by the hammer itself. 
It can readily make 30 to 40 blows of 5 to 10 tt per minute; and, since the 
hammer does not coine into actual contact with the piles, it does not injuie their 
heads at all; thus dispensing with iron hoops, Ac, for preserving them. When 
only a slight blow is required, a smaller cartridge is used. To drive a pile 20 ft 
into mud averages about one-third of a j>ouud of powder; into gravel, 4 times as 
much. 'I'llis machine does not assist in raising the pile, and placing it in 
position, as is done hv ordinary steam pile drivers; the latter, however, average 
but from 6 to 14 blows per minute. 


PHcm have been driven by exploding small charges of dynamite 
laid upon their heads, which are protected h.v iroii piutos. 

Steam-hammer pile drivers, operating oo the principle of that devisee 
by Nasmyth about 1850, are economical in driving to great depths in difficult 
soils whole there are nay 200 or more piles in clusters or lows, so that the machine 
can readily be moved from pile to pile. 

The steam cylinder is upright, and is confined Itetween the upper ends of two 
vertical ami parallel I or channel beams about 6 to 12 ft long and 18 ins apart, 
the lower ends of which coufine between them a hollow conical 44 bonnet cast* 
Inff,** which fits over the head of the pile. This casting is open at top, and through 
it the hammer, which is fasteued to the foot of the piston-rod, strikes the head of 
the pile. Each of the vertical beums encloses one of the two upright guide-timbers, 
or "leaders” of the pile driver, bctweou which the driving apparatus, above do 
scribed, is free to slide up or down as a whole. 

When a pile has been placed in position, ready for driving, the bonnet casting to 
placed upon its head, thus bringing the weight ol the beams, cylinder, hammer,and 
casting upon tbe pile. This weight rests upon the pile throughout the driving, th» 
apparatus sliding down between the leaders as the pile descends. 

The steam is convey ed from the boiler to the cyl by a flexible pipe. When It to 
admitted to the cyl, the hammer is lifted about 30 or 40 ins, and upon its escape the 
hammer falls, sti iking the head of the pile. Al*out 60 blows are delivered per min¬ 
ute. The hammer is provided with a trip-piece which automatically admits steam 
to the cylinder after each blow, and opens a valve for its escajte at tbe end of th« 
up-stroke. By altering the aiyustmeut ot this trip-piece, the length of stroke (and 
thus the force of the blows) cau be increased or diminished. The admission and 
escape of steam, to and from the cyl, can also lie conti oiled directly by the attendant. 
Tbe number of blows per minute is increased or diminished by regulating the sup- 


In making the np-etroke, the steam, pressing against the lower cyl head,of course 

presses downward on the pile and aids its descent. . .... 

The chier advantage of these machines lie. to the (treat rapidity 
with which the blow, follow one another, allowing no time lor the disturlied earth, 
•and, He, to rernmpart Itself around the sides, and under the foot, of the pile. Thu 
enable* the machines to do wink which cannot he done with ordinary pile dmere. 
The, have driven Norway puie piles 42 ft into sand. They are lew table than 
others to split and broom the pile, so that these uiey '■» of setter and cheaper wood 
The honnut casting keeps the head of the pile constantly iu place, eo that the pda 
do not “ dodge » or get out of line. Their heads have, In some cases, been eet on fire 
by the rapidly succeeding blows. « . „ . P * n i. AnM an A 

These machines consume from 1 to 2 tons ofTirffSj 
require a crew of 6 uiou. They work with a bolter pressure of frou 
W to 75 ll« ]K«r Bq loch. 
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Rules fbr the SnNtalnlnff Power of Piles. 

"They dlffte: very much. No rule can apply correctly to all conditions. The ground itself betweet 
the piles, in most cases, supports a part of the load; although the whole of it Is usually assigned is 
the piles. Again, in very clayey soils, there is greater liability to sink somewhat with the lapse of 
time, in consequence of the admission of water between the pile and the clay; thus dlmluisbiug tb* 
friction between them. The less firm the soil, the more will the piles lie affected by tremors; whlci 
also tend in time to cause sinking lu some cases this siuking will not be that of’the piles settling 
deeper into the earth around them; but that of the eutire comparted maas of piles and earth inte 
which they were driven, settling down into the less dense mass brlow them Piles are sometimes 
blamed for settlements which are really due to the crushing (flatways) of the timbers wt ich rest 
'mmediately upon their heads. 

In the fine London bridge across the Thames, emit pile under some of the 
piers sustains the very heavy load of 80 Ions. They arsi driven hut ‘20 feet into the 
stiff, blue London clay; and are placed nearly 4 ft apart from center to center; a h ich 
is too much for such piers and arches. At 3 ft apart scant, they would have had but 
45 tons to sustain. They are 1 ft in (Ham at the middle of their length. Ugly set¬ 
tlements. some of them to the extent ol about a ft, have occurred under these piers. 
Blackfri nr* bridge, i n the same vicinity, exhibits the same defect. By some 
this is ascrilied in both eases to the gradual admission of water between the elav and 
the piles, perhaps by capillary action of the piles themselves; or perhaps by direct 
leaking. It may, however, lie owing in part to the crushing of the platforms on 
top of the piles; or to a bodily settlement of the entire mass of piled elav, into 
the unpiled clay beneath, under the immense load that rests ujk>u it. This here 
amounts to 5% tons per sq foot of area covered by a pier; and is probably too much 
to trust upon clamp clay, when even the slightest siuking is prejudicial. 

M*0 X. Sanders, U. S. Engs, experimented largely at Fort Delaware In river 
mud; and gave the following in the Jour. Franklin Inst, Nov 1851. For the safe 
load for a common wooden pile, driven until it sinks through only small and 
nearly equal distances, under successive blows, divide the height of the fall in ins, 
by the small sinking at each blow in ins. Mult the quot by the weight of the 
hammer, ram, or monkey, in tons or pounds, as the case may be. Divide the 
prod by 8. He does not state any specific coefficient of safety. 


Example. At the CketUat Bt Bridge, Phileda, the greatest weight on any pile it 16 tone 
Mr Kutu had the pllei driven until they iauk Vi, or .76 of an inch under each blow from a 1300 ft 
hammer, falling 30 ft. Wm he safe in doing »o? Here we have the fall in ine= 30 X 12 = 340. And 
340 3S4000 

-jg—= 320; and 130 X 1300 = 384000 On; and g — = 46000ft§, = 21.4 Umi aafe load by MaJ Ban- 

dera' rule. The aoil wae river mud. 

Opr on rale is aa follows. Mult together the cube rt of the fall In ft; the wt of hammer in fte; 
and the deoimal .033 Divide the prod by the last alnking in ina. + 1. The quotient will be the 
extreme feed that will be juat at the point of earning more linking. For the aafe load take frra 
•M twelfth to one half of this, according to oircumatancei. Or, aa a formula. 

Cube rt of v Wt of hammer 


_ fall in feet * 


q pouudi 


r X .W3. 




' n ton * Last ainklng In inches -f-1 

e aa the foregoing at Chestnut St Bridge. Here the cube rt of 30 ft faQ U 


1714 X 1300 X .033 74.9 


= , : -=43.8 tone. 


A safety of 3 la not enough for river mud. 

But although Major Sander* 1 rule and our own agree very well In tbla inatanoe if a ic/rty of 3 is 
token for Me A, they differ widely in some others. Thus at Keullly Bridge, Franoe, Perronet'a 
heaviest hammer weighed 3000 fta, fall 5 ft, ainkage ,2b of an inch In the Ian 16 blow*; or *ay 016 
inch per blow. The piles sustain 47 ton* each. Our rule givea 38.8 tona Tor a safety of 2; while Ran¬ 
dan' rale gives 515 tone safe load I If, as we think probable, there wa* no actual linking at the last 
blow, then our rule give* 39.8 ton* for a safety of 2 ; while Sander*' give* Infinity. 

At the Hall Dedta, England, pile* 10 in* square, driven 16 ft Into alluvial mad by a 1500 lb ham¬ 
mer, falling 24 ft, lank 2 ini per blow at the end of the driving. They initain at least 20 ton* each, 
or aeoordl&c to some statements 25 tona. Our rule givea 83.2 tona for tb* extreme load; or 16.4 tor f 
safety of only 2. Hander* give* Tor «u/et* 12.06 torn. A* before remarked, 2 In uot surety etmugh lor 
mud. In mud, it is not primarily the pile*, but the piled sod that settle*, bodilv, for years. 

At the Beyal Border Bridxe, England, piles were very (Irmly driven from 80 to 40 ft In sand 
and gravel, In some o*»e* wet. Fine wa* first tried, but It split and broomed in badly under the hart 
driving, that American elm was substituted, with «uoceai. They were driven until they tank bat .Of 
inch per blow, under a 1700 ft monkey, falling 16 rt. They support 70 t«us each. Our rule gtvea 41 
tons for a safety of 3; while Sander* give* 364 tom safe load I 
Ilia the writer'* opinion, however, that the piles did not equally sink, as wai (and always is, iu 
such eases) taken for granted by the observer*; but that tbev were merely compressed or partially 
crushed by overdriving. Moat of the piles were driven until they sauk (1) ouly an Inch under 1M 
blows; but we doubt whether they were any safer, or farther In the ground, than when t$ey had re¬ 
ceived only one of them; and consider auoh extreme precaution worse than useless. 

Ia aoaae exparimeate (IBW) at Pbllada, a trial pile was driven 16 ft Into soft river mud, by a 
1600 ft hammer; its last sinking being 18 ins under a fall of 36 ft. Only & hour* after it waa driven 
it waa loaded with 6 & tone; whioh caused a sinking of but a verv small fraction of an Inch. Ob- rale 
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give* 6 4 tons as the extreme load. Cuder 9 ton* it sank .75 of an lnoh; and under 15 torn, 5 ft. By 
Mui Saudem’ rule its xafe load would lie 2.14 tops. 

A U. 8. Govt trial pile, about 12 in* «q, driven 29 ft through layer* of ellt, sand, and clay, ham¬ 
mer 910 lbs,'fall 5 ft, last sinking .875 or an inch, bore 26.6 tom ; but sank slowly under 27.9 tons. 
Our rule gives 26 ton* extreme load. 

French eofineers oonsider a pile safe for a load of 25 tons, when it is driven to the refusal of 
1344 lb*, falling 4 ft; our rule gives 24.2 tons for safety 2. They estimate the refusal by its not sink¬ 
ing more than 4 of an inch under 30 blows. In many important bridges to they drive until there is 
no sinking under an 800 lb hammer, falling 5 ft. Our rule here gives 31.5 tons extreme load; or 15.7 
for safety 2. 

All to the proper load for safety, we think that not more than one-half the extreme load given 
by our rule should be taken for piles thoroughly driven infirm soil*; nor more than one-*ixth when 
in river mud or marsh ; assuming, as we hnve hitherto done, that their feet do not rest upon rook. 

If liable to tremors, take only half these loads. 

Piles may he made of any required aLae as regards either length or cross section, by bolt* 
log and fishing together sidewise and lengthwise, a number or squared timbers. 

Piles with blunt ends. At South Street Bridge, Phila, 1200 atout piles of Nova Scotia sprnea 
with bluut end* were driven 15 to 85 ft. partly in strong gravel, by a common steam pile driver, at a 
total cost (pile# and drivtnj) of $7 to $H each. At Wilmington Harbor, Cal, Mr. C. B. Sears, 
U S Army. (Jour. Am. Hoc. C. K., Dec 1876) found that in firm compact net sand, after the first few 
blow* the piles would not penetrate more than .5 to 1.5 ins at a blow, no matter bow far the 2400 lb 
hammer fell. The unpointed ones of which there were many thou»and*, drove quite as readily to aver, 
age depths of 15 ft in this *aud as the pointed ones, and with much less tendency to oaut. A* a high 
fall had no farther effect than to batter the heads he reduoed it to 10 ft. which drove an average of 
about .72 Inch to a blow. To iniure straight driving, the ends must be at right angles to the length. 
Instead of driving pile* to moderate depth* it mav at times be better to merely plant them butt 
down in hole* bored by au auger like Pierce’s Well Borer. 


The ultimate friction of piles even with the bark on, and driven about 3 ft apart from oen 
to cen probably never much exceeds about 1 ton per *q ft even when well driven into dense moist 
sand or loamy gravel: nor more than 5 to .75 of a ton in common soils and clays; or than .1 to .1 
of a ton in silt or wpi river mud depending on the depth and density. 

The friction of ca*t Iron cylinder* seems to be about .3 that of pile*. 

There Is n great difference In the penetrability of different 

sands. Thus, in the Lary bridge, no special difficulty was found in driving piles 35 ft into deep wet 
sand , while, in other wet looalitic*. piles of very tough wood, well shod with iron, cannot be driven 
6 ft Into sand, without being battered to pieces. The same dlfferWioe has been round in the ca*e of 
■crew piles. At the Brandywine light-house these could not be f(«ed more than 10 ft into tbe cleaL 
wet sand Stiff wet clay (and clean gravels) also differ very much in this respect Generally thej 
are penetrable to any required depth with comparative ease, but we have seen stout hemlock pile* 
battered to pieces In driving 6 ft through wet gravel, and Mr Rendel found that at Plymouth he 
' oould not by any force drive screw-pile* more than about 5 ft into the clay, which is not as itlff as 
the London olay," on which the foremeutioned new London and Blackfriar* bridges were founded; 
and into which even ordinary wooden piles were driven 20 ft without speoial difficulty. 

A mixture of mud with the sand or gravel facilitates driving very much ; but before beginning an 
extensive system of piling, a few experimental ones should be driven, to remove doubt as to the 
trouble and expeuse that uiav l»e anticipated. Mere boring will often be but a poor substitute for this. 

As a general rule, a heavy'hammer with a low fall, drives more pleasantly than a light one with a 
high fall. V here a hummer of H ton O-j00 lbs) falling 25 ft, in a very strong ground, shattered the 
piles; one of 2 tons, (1500 lbs.) with 7 rt rail, drove them satisfactorily. More blows can l>e made in 
the same time with a low rail; and this gives less time for tbe soil to oompact itself around the pllea 
betwocn the blows. At times a pile may resist the hammer after sinkiug some distance; but start 
again after a short rest; or it may refuse a heavy hammer, and start under a lighter one. It may 
drive slowly at first, and more rapidly afterward, from causes that may be difficult to discover. Tha 
driving of one eometimea oauses adjacent ones previously driven, to spring upward several feet, A 
pile is in the most favorable position when its foot rests upon rock, after It* entire length has been 
firiven through a firm soil, which affords perfect protection against its bending like an overloaded 
Oolunin; and at the same time creates grout friction against its sides; thus assisting much in sus¬ 
taining the load, and thereby relieving the pressure upon the foot. A pile may rest upon rock, and 
jet lie very weak ; Tor if driven through very soft soil. *11 the pressure is borne by the sharp point; 
and the pile beoomes merely a column in a worse condition than a pillar with one rounded end. 

v In such sol Is the piles need very little sharpening; indeed, 

had better be driven without any; or even butt end down. 

The driving of a pile in soft ground or mud will generally oause an adjaoent one previously driven, 
to ’tan outwarda unless means be taken to prevent it. 

Is piling an area of firm soli it is best to begin at its center and work outwards; otherwise the soil 
m»y become so consolidated that the neutral ones can soaroely be driven at all. 

Elan tic reaction of tlie f*oil has be«u known to cause entire piled areas 

to rise, together with the piles, before they were built upon. 

In very firm soil, especially if stony; or 
even in soft soil, if the piles are pointed, and 
are to be driven to rock; their feet should 
be protected by shoe* of either wrought 
iron, as at a, r, and b, Figs 13; spiked to the 
pile by means of the iron straps n, forged 
to them; or of cast iron, as at c, where the 
shoe is a solid inverted cone, the wide flat 
base of which affords a good bearing for the 
flat bottom of the pile-point The dotted 
line is a stout wrought-iron spike, well se¬ 
cured in the cone, which is cast around it; 
this holds the shoo to the pile. .Regular 
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wrought-iron shoes will generally weigh 18 to 30 lbs; but sheet iron may be used when the soil is but 
moderately compaot, plate non when more so, and solid iron or steel points, from 2 to 4 ins square 

at the butt, and 4 to 8 ms long, when very compact and stony. Holes may be 
drilled in rock for receiving the points of piles, and thus pieventing them 
from slipping. by first driving down a tube, as a guide to the drill, after tho earth is cleaned out or 
the tube. To prcMerve llic lienils to some extent from splitting under the 
blows of the hammer, they are usually surrounded by a hoop ft, Fig d, from % to l lueh thick . and 
1S to 3 ins wide. These are, however, sometimes but imperfect aids; for in hard driviug the bead 
will crush, split, and bulge out on all sides, frequently for many feet below the hoop moreover, thi 
hoops often split open The heads, therefore, often have to be sawed, or pared off several times 
before the pile is completely driven; and allowance must be made for this loss iu ordering piles for 
hu/ given work, especially in hard soil Capt Turnbull, IT 8 Top Eng. states that at tiie Potomac 
aqueduot, his pilebcads were preserved from injury by the simple expedient of dishing them out to » 
depth of about an inch, and covering them by a loose plate of aheei iron, as shown in section at e, 
Figs 13. A very slight degree of brooming or orushlug of the head, materially diminishes the force 
Id 'he ram. Piles mav be driven through small loose rubble without much lahnr. Rhaw's driver 
does not injure thp heads. Piles which fool on sloping rock may slide when loaded. 

To drive a pile head below water a wooden punch, or follower, aa 
atp. Figs 13, may be used. The root of this puuch fits into the upper part of a casting /]. round or 
•anare, aooording to the shape of the pile , and having a transverse partition o o Tb>* loner part 
or the casting is fitted to the head of the pile t; and the hammer falls on top of the punch When 
driring piles vertically in very soft soil, to support retaining-walls, or other structures exposed to 
horiroutal or inclined foroes, care must be taken that these forces do not push over the piles them¬ 
selves ; for in such soils piles are adapted to resist vertical forces only, unless they be driven at an 
inclination corresponding to the oblique force. 

A broken pile may lie drawn out. or at least bo started, if not very 

firmly driven, by attaching scows to it at low water, depending on the risiug tide in loo-en it Or a 
long timber may be used as a lever, with the head of an adjacent pile for its fulcrum Or a crab 
worked by the engine of the pile driver iu verr difficult cases the method devised by Mr J Monroe, 
C E, may be used. A 4 inch gas pipe 13 ft long, shod with a aolid steel point, and having an outer 
shoulder for sustaining a circular punch, was thereby driven close to and 2 or 3 ft deeper than two 
.piles driven 12 ft, in 37 ft water, and broken off by ice Four pounds of powder were (lien deposited 
m the lower end of the pipe, and exploded, lifting the piles completely out of place. It will often be 
best to let a broken pile remain, and to drive another dose to it. May be drawn by hydraulic press. 

lee ftdhervN to piles with a foice of about 30 to 40 lbs per sq inch, and in 
rising water may lift them out of place if not sufficiently driven 
Iron pile* anil cyMnilera. Cast iron iu various shapes has been much 

used iu Europe for sheet piles, especially when Intended to remain as a facing for the piotection of 
concrete work, filled in behind and against them * Cast iron cvlimlers, open at both ends, may bo 
used as bearing piles: and mav be cleaned out, and filled with concrete, if required The friction in 
driving is greater than in solid piles, inasmuch as It takes place along both the tnuer and the outei 
surfaces This may be diminished by gradually extracting the in«.ni«* soil us they go down The» 
require much care, and a lighter hammer, or less fall than wooden ones lo prevent breaking. t« 
whioh end u piece of wood should lie interposed between the bummer and the idle, nr the rain may b« 
->f wood. But it is better t<> use them in the shape <»f screw eylinderk. which, 
moreover, gives them the advantage of a broad base as in the following 
Brunei** proves*. lie experimented with an open cast-iron cylinder. '1 ff 

outer diam ; 1 % ins thick, in lengths of 10 ft. connected together hr internal socket and joggle joints, 
secured by pins, and run with lead. It had a sharp edged hoop or cutter at bottom. and a little 
above this, one turn of a screw, with a pitch of 7 ins, and projecting one foot all around the outside 
of the cylinder. By means of capstan bars an I winches, he screwed this down through stiff ciav and 
sand, 58 feet to rook, on the bank of a river In descending ibis distance the cylinder made 147 
revolutions; sinking on an average about 5 ins ateaoh. The time occupied in actually screwing >u 
48K honra; or about 1 A ft per hour. There were, however, many long intervals of rest for clean 
log away the soli in the uuide After resting, there was no great difficulty in restarting The next 
fig will give an idea of the arrangement of the screw. 

The Ncrew-plle of Alex. Mitchell. Belfast, consists usually of a rolled iroo 
shaft A, Figs 14, tiom 3 to 8 ins tliam, and having at its foot a cast-iron screw 
S S 8, with a blade of from 18 ins to !> ft diam. The screws used for light-houses, 
exposed to moderate seas, or heavy ice-fields, are ordinarily about 3 ft diam, hats 
\% turns or threads, and weigh alsiut 600 lbs Tin* round rolled shafts are from 
1 to 8 ins diam. They are screwed down fiom 10 to 20 ft into clay, sand, or coral, by 
\bout 30 to 40 men, pushing with 6 to 8 capstan bars, the ends of which describe « 
circle of about 30 to 40 ft diam. For this purpose a platform on piles hu* frequently 
*o be prepared. In quiet water, this may be supported on scows; or a raft well 
moored may I si used when the driving is easy ; or the deck of a large scow with a 
well-holc in the center for the pile to pass through. Roughly made temporary 
cribs, filled with stone and sunk, might support a pint form in some positions. The 
platform must evidently lie aide lo resist revolving hoiixontnlly under the great 
pushing force of the men at the capstan liars; and on this account It is difficult 
to drive screws to a sufficient depth, in clean compact sand, by moans of a floating 
platform. The feet of the piles must be firmly secured to the screws, to prevent 

* CmI Iron, intended lo r>>*Ui sea-water, should he close-grained, 
hard, white mewl- In xucb, the uraall quantl y nf contained carbon i« chemically combined with th* 
met*]; but In the darker or mottled irou« it 1* mechanically combined and »uob iron none buoome* 
ioft, (xomewhat like plumbago,) when exposed to tea-water, Hard white Iron ha* been proved t* 
resist for at leant 40 years without sur deterioration, whether constantly under water, or alternately 
wet and dry. Copper and brouxe are but slight] v aud superficially affected by sea- water; but destroy 
U*« galvanic action taka* place 17 dlff metals are in contact. 
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their being lifted out of them by the upward force of waves against the supers 
structure. At y p, Figs 14, is shown a mode of splicing or uniting the different 
lengths or sections ol a pile The point of junction is at t; tt is a stout iron ring 
forged on to the lower pile p, 
about a foot or 18 ins below its 
top w. A strong cylindrical cast¬ 
ing n n, enclosing the ends of 
the sections, rests on this ling, 

And is pinned through the piles, 
uh at tt. On this casting are 
also cast projections c c c, lor at¬ 
taching rods# g, and beams i, Ac, 
p-cessary for bracing the stmc- 
ftire* from pile to pile. The time 
hi tually required tor dining a 
screw is from 2 to 10 hours, in 
l&vorable circumstances. 

At the Brandywine lighthouse, oa 
a nand-biotk of vert pure used cov¬ 
ered « or 8 ft at low' water, and from 
11 ro 13 ft at high, thev could not lie 
Paced down, from a Axed platform, 
for more than 10 ft At other place* 'JO ft in gam) is reached without much trouble, where the sand 
contains a good deal of mud. but its bearing power in then les* This (ultimate) ranges between 
aliout l and C tone per »q ft according to purity, depth, oompaotneaa, Ac, of the sand. In important 
caaei the bearing power should l»e tested. 

Mitchell's plica have been screwed about 40 feet Into a mixture of clay and Band, with MNM 
4 ft diam. They pa** through amall broken atone aud coral rock without much diffloultv ; and will 
push aside bowlders of moderate alze. Ordinarily, clay or mind will preaeut no great obstruction; 
but occasionally either of them will do go Perfect!* pure clean sand, aa u general rule, gives moat 
dttth ulty. At the Brandi w iue shoal the driving was aided by a spur and piulon placed as low aa the 
wnter permitted ; and the leverg were worked by HO meia The danger of twisting off the shaft 1 b 
the limit for acrewiug them They are much used for the anchoring of chains for m<«>riug buoy s, Ac. 
On bind, amall screw a. w llh short hollow shafts. make good durable supports fon depot pillars, ci unes. 
wooden telegraph |«.les, station slguals iu marlue surveying, Ac, Ac. They can readily lie unscrewed 
for removal Horses or oxen mar be used iu driviug large screws. The Brandywine light house 
stands ou » screw -piles, which are surrounded by 30 others of 5 Ins Jiam, aa fenders. Thev have to 
resist not only moderate seas, but immense fields of Moating ice, miles iu extent. An unfinished 
structure was destroyed by ice, which at time* injures the bracing of the standing one 

Teat boriiitfH Nhould b«* viltulo to rnun e that tin* arrows do m.t stop just 
above a very weak stratum which may endanger their bearing power So with any piles. 
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By means of a.Jet of water forcibly impelled through a tube by a force 

pump, the most obstinate sands will be loosened, and the sink¬ 

ing of screw piles, or wooden ones, or even the largest cylinders, be great!l facilitated In a govern¬ 
ment pier at Cape Henlopen m very compact Band, in which 6 out of 7 
screws previously broke before reaching 10 ft, the use of the jet was found to remove more than 
three fourths of the resistance * The pile p to be sunk having first been placed in position as hi Pin 
15, the lower open end* tt of s bent Iron tube t a t of one and a 

S iarter in* bore were stood upon the upper faoe of the sarew disk, aud 
ere held firmly by 3 or 4 meu while the pile was being screwed down 
by the capstan c, which was worked by a leading rope r. From the 
bend s of the pipe, a hose h, 2 ins diam. led to the Toroe pump, the 
cylinder of which was Sins bore, and Sins stroke, and worked about 
80 full strokes per minute, by a mule walking on a tread wheel on a 
floating platform /. There was now no trouble in screwing the piles to 
any required depth Previous trial* by play ing the jet beneath the disk 
•ave unsatisfactory resuite 

Vn Mobile Bay several thousands of wooden piles, 
from 1ft to 48 Ins diam, were sunk from 10 to 20 ft into obstluate sand, 
at the average sinking rate of about 1 ft per second, entirely by means 
of jew. The jet was propelled by a city steam fire engine, on a steam¬ 
boat. through ita own hose, with a one and a quarter inch noetic. 

During the descent the norxle n n was held loosely in its place near 
the foot of the pile, by two staples « • and by a string t reaching to the 
■ urfaoe. The piles were suspended by their heads from shears, t>v the 
tackle or whloh their descent was regulated The sand settled firmly 
around the piles In a Tew minutes after they were suuk.f 
At Tenmn River. Alabama, for iron cylinders 6 ft diam 
(enclosing pile*. In deep light shifting sand, the jet was forced by a small 

rotarv pump of 200 to S00 revolutions |*>r minute, through a canvas hore 3 Ins diam. 
into a central conical cast iron vessel 10 ius diam. from which radiated 12 gas pipes 1 
Inch diam, and about 30 ins long. At the outer end of each of these radii was an 
elbow to which was attached a long vertical pipe remitting down into the cylinder, 
and made In 10 ft lengths with sorew end- lor prolonging them as the cylinder weut 
down This apparatus was raised and lowered by a light block and Hue; and by it 
alone eaoh cylinder was sunk about 16 ft Into the light sand iu a few hours.? 



• Report Sec of War 1872. t John W. Glenn, 0 B, Van Nostrand, June 1874. 
J Gabriel Jordan, C E; Trans Am H/m C E, Feb J874. 
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At the Levan Viaduct, Mr James Brunlee, England, in a light 
■andy mmrl of great depth, sunk hollow oast Iron oylinders of 10 ion outer din.ni. to a depth of 20 ft, 
by means of a jet pipe 2 ini diam passing down inside of the cylinder, and through a bole in its base, 
which was a cast iron disk 80 ins diam, and 1 inoh thlok, strengthened by outside flanges. The con 
necting flanges of the cylinder sections are outside, thus impeding the descent, as did also the broad 
bottom disk ; still S or 4 hours usually sufficed for the sinking of each, to 20 ft depth. Actual trial 
showed that their safe sustaining power was about 5 tons per sq ft of bottom disk 

At Lock Ken vifMluct euch pier consists of two cylinders, open nt both 
ends; of cast iron, 8 ft ki diam; ins thick; in lengths of 6 ft, weighing 4 tons 
each; and bolted together by inside flanges, with iron cement between them. The 
tylinders staud 8 ft apart in the clear; and are m 36 ft water. “ A strong staging 
was erected; and 4 guide-piles driven for each cylinder. The several lengths being 
previously bolted together, these w ere lowered into their places Each cylinder b.iiiL 
by its own weight one or two ft through the top mud, and then settled upon the iumi 
and gravel which form the substratum for a great depth Into tins last they were 
sunk about 8 or 9 ft farther, by excavating the inside earth under water, by means 
of an inverted conical screw-pnn, or dredger, of *4 inch plate iron. This was 
2 ft greatest diam, and 1 ft deep; and to its bottom was attached a screw alniut 1 ft 
long, for assisting in screw mg it down into the soil. Its Bides had openings for the 
entrance of the soil; and leather flaps, opening iuward, to prevent its escape. From 
opposite sides of the pan, 3 rods of % inch diatn projected upward 4 feet, and were 
there forged together, and connected by an eye-and-bolt joint to a long rod or shaft, 
at the upper end of which was a four-armed cross-handle, by which the pun was 
Bcrewed down by 4 men on the staging." 

'* When a pan waa full, a slid® which passed over the joint at the bottom wav lifted; and the pai 
was raised by a tackle. This pan raised about 1 eub ft at a time. A smaller oue of only i ft diam, 
and l ft deep, raising about $4 cub ft, waa used a lien the material was very hard. By this means 
the cylinders were sunk at the rate of from 2 to IS ins per day. The alow rate of 2 ins was caused 
by stone* some of them of 50 lbs. These were first loosened by a screw.pick, which was a bar of 
iron 3 ft long, with circular arms !‘i ius long projecting from the sides. After being loosened by this, 
the stones were raised by the pan. The expense of all this apparatus tin very trifling; and the ex¬ 
cavation was done easily and cheaply. After the excavation was finished, and the cylinder sunk, 
before pumping out the water, concrete (gravel 2, hydraulio cement 1 measure) was fliied in to the 
depth of 12 feet, by means of a large pan with a movable bottom; and almut 12 days were left it to 
harden The water was then pumped out, and the masonry built in o|x*o air In some of the cyilu 
den, however, the water rose so fast, notwithstanding the 12 ft of concrete, that the pumps could not 
keep them clear, and 6 ft more of concrete had to be added lu those Finally random-stone, or rough 
dry rubble, was thrown iu around the outsides of the cylinders, to preserve them from blows and 
andarmlning." • The masonry exteuds 20 ft above the cylinders, and above water. 


The vacniim nnd plenum prormftt. We c.m barely allude to 
the general principles of these two modes of sinking large hollow iron cylinders In 
the vacuum process of Ur. l<awronco Holker Potts, of London, the cylinder 
c, Fig 16, while being sunk, is closed air-tight at top, by a 
trap-door, ojienuig upward A flexible pipe p, of India- 
ruliber, long enough to adapt itself to the sinking of the 
cylinder, and provided with a stopcock s, leads from the 
cjlindei to a vessel t»; which may l/e plaied on a raft, or a 
scow, or on land, as may suit circumstances. The cylinder 
being first stood up in jswition, as in the flg, the water is 
pumped out, and the interior soil removed if the cylinder 
has sunk some distance by its own weight The cock 
t is then closed, and the air is drawn out from the vessel v 
by an air-pump. The cock is theu opened, and most of the air in the cylinder rushes 
Into the void veusel r; thus leaving tin* cylinder comparatively empty, and therefore 
less capable of resisting the downward pressure of the external air upon its top 
This pressure, as is well known, amounts to nearly 15 Itis on every s<| inch; or nearly 
1 ton per sq ft of area of the top. Consequently the cylinder is forced downward in 
the bed of the river, by this amount of pressure, m addition to its own weight. At 
the same time,, the pressure of the air upon tlie surface of the water is transmitted 
through the water to the soil around the open foot of the cylinder; so that if this 
toil he soft or semi-fluid, it will lie pressed up into the nearly void cylinder, in which 
Is no downward pressure to resist it. The descent varies from a few inches, to 4 or f> 
ft each time. The process is then repeated, by admitting air again into the cylin¬ 
der, opening the traji-door, removing the water and soil, as before, Ac. Additional 
lengths of cylinder may be bolted on, by means of Int erior flanges. 

It 1s adapted only to woft soils, and to wet sandy ones; but is not sufficient¬ 
ly powerful in very compact onei; nor doe* it answer where obstruction* from bowlder*, logs, to. oeour, 



Figl6 


•Hallow Iroa Plies either eait or wrought with .olid pointed feet, to be driven by the hammer 
falling in*id* of them and striking agaiurt the lop of the Mild foot, are a reoent devloe of great use in 
mre “•?*‘V eoUon * ° r "fcloh enough can be gradually united to reach any 
required depth. They avoid the danger of tending which attend* miking the top. The Iron foot are 
awaited outwardly a little to diminish earth-friction agalnai the pile above them. 
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(he removal of which requires men to enter the cylinder to its foot; which they cannot do in the rarefied 
air. The pipe f fihouid be or sufficient ilium to allow the air to leave the cylinder rapidly, so that the 
outer pressure may act upon the top as suddenly as possible. 

At the (Joodwin Hands light-house, England, hollow cylinders 2% ft in dlam, were sunk 3* ft into 
sand by this process, in about fi hours; where a steel bar could be driven only 8 ft by a sledge-ham¬ 
mer Others, 12 ins iu diam, have been sunk 16 ft into sand within less than an hour. In this last 
instance the air-pump had two barrels, *>$ ius diam, 16 luch stroke, worked by i men. The pipe p 
was of lead, and only ^ inch diam. 

The plenum proceHN. invented by MrTriger, 
of France, consists in forcing air into the cylinder 
C C, Fig 17, to such an extent as to force out the 
witter, compelling it to escape beneath the open foot, 
into the surrounding water. The interior of the cylin¬ 
der being tints left dry to the bottom, men puss down it 
to loosen and remove the soil at and la-low its base When 
tin*- is done, they leave; the compressed tur is allowed to 
••heap*; ami the cylinder, being no longer sustained by 
the upward pressure of the compressed air beneath its 
top, sinks into the cavity, or the loosened material at its 
foot. Fig 17 shows the simple arrangement by which 
workmen are enabled to enter or leave the cylinder, 
without allowing the compressed air to escape; as well 
as the general principle ol the entire piocess. 

L I, in a separate small chamber, the air-lock, which is 
removed when a new length of pipe is to be added ; and afterward 
replaced and firmly bolted on. This chamber bus a small air-tight 
door d, hy which It can be entered from without, and another, o, 
opening into the cylinder The flaps, 1, A, of both doors. oj«en in¬ 
ward. or toward the cylinder. This chamber also has two stopcocks; one, a, in its floor, communi¬ 
cating with the cylinder , and one e, above, communicating with the open air. At s is a bent tube, 
also with acock, which passes air-tight through the side and the bottom of the air-lock. Through 
it the compressed air is foieed into the cylinder by an air force pump or condenser, and through il 
the same air is allowed to escape at a later period. A siphon is shown at n nit. A drum to is used 
fur hoisting the excavated material from the bottom, to the air-lock ; its axle it passes air-tight through 
stuffing boxes iu the sides of the lock ; the hoisting being done hy men outside. This is the general 
arrangement employed by Mr W. J. McAlplne, C E, of New York, at Harlem bridge; and from hii 
description of it, ours has been condensed. The cyliuders were there 6 ft diam, 1% ins thick, and in 
lengths of S» ft, bolted together through inside flanges /, as the sinking went on. The air-lock is 6 fl 
diam, by nearly 6 rt high ; with sides of boiler iron; and top and bottom of oast iron. 

Now suppose the cylinder CC to be let down, aud steadied in position, as in the fig; and the air 
lock L L to be adjusted on top of it. The next process is to force in air through the curved tube s 
the flap ( of the lower door o. and the cock a, being previously closed. As the compressed air aeon 
mulates in the cylinder, it forces out the water; which escapes partly beneath the bottom or thecyl 
inder, and partly b* rising through the siphon nn, and flowing out at g. The door o being already 
closed, and that at d open, the air in the air-lock is in the same condition as that ontside; so thai 
workmen can enter it readily. Having dose so, they close the door d, and the cock e, and open thi 
oock a, through whiob ooniknsed air from the cylinder rushes upward, soon filling the ur-lock 
When this is done, the flap t is opened, and the men deaoend through the door oby a ladder, or by i 
bucket lowered by the drum », to the bottom. Here they loosen and excavate the material as dee| 
as they can; and, filling it into a backet or bag, they signal to those outside, who raise it to the air 
lock. When done, they ascend to the air-lock, done the door o, and the cock a; and open the oock t 
through which the condensed air In the lock soon escapes, leaving the internal air the same as that 
outside. The door d is then opened, the buckets of earth are removed, and the men go out. Final]] 
the eock at t is opened, the condensed air in the cylinder escapes through it to the outside air, and 
the cylinder sinks by its own weight into the cavity and loosened soil prepared for It at iu bsae, and 
which is now foroed up into the cylinder by the rush of the returning water. The process la thei 
repeated. The sinking will often vary from 0 to 10 or more feet at one operation. Until depth* o 
40 or 60 ft. moat men can endure the pressure of the oondensed air; but as the depth Increases thi 
becomes more difficult, and positively dangerous to life. Cast iron cylinders 15 ft diam; aud grey 
caissons, Fig lb, have been thus sunk; but at times at great expeuse and trouble. 



The cylinder should be guided in it« descent by a strong frame, whit I 
may be supported by piles. Otherwise it will be apt to tilt, and thus give great trouble to settle i 
upon IU exact place. Have been eunk la deep water by divers undermining inside. 

The plenum process as applied at the South 8t bridge, Ptailada 
by Mr John W. Murphy, contracting engineer, differs materially from that described above ; ant 
moreover deserves notice on account of the great simplicity and efficacy of bii phS This oonsisut 
partly of two oanal boats, decked, each 100 ft long, by 17* ft wide, and 8 ft depth or hold. Thei 
were anchored parallel to each other, 15 ft apart. Supported by the boats, and over the spue betweei 
ihem. was a strong four-legged shears about 50 ft high; at the top of which was attaohed tackle fo 
ini lulling the cast iron cyliuders. In the hold of one of the boats was a Burleigh 
Compressor having two pistons of 10 ins diam, and Kins stroke; together witl 
its boiler. On thedeck of the same boat stood a vertical air-tank or regulator 
22 ft long, by 2 fl diam. made of quarter Inch boiler iron. This served to maintain a supply of com 
pressed air in the submerged cyliuder in case of an accidental stopping of the compressor; whlc 1 
otherwise would probably be ratal to the laborers in the cylinder. The condensed air flowed frot 
this air tank to the air-lock of the cylinder through a hose 4 ins diam, made or gum elastic and cm 
vas, and so long, and so placed, as to extend itself as the cylinder went down, thus maintaining th 
communication at all lime*. Entirely across both boats, aud across the interval between them, ei 
♦pnded two heav.v wooden clamps, each 3 ft wide by 18 ins high; each compose 
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of three pieces of tit X 18 Inch timber strongly bolted together. At the centers or these olsmps thi 
two Inner vertioal sides which faced eaoh other were hollowed out to the depth of afoot by concavi¬ 
ties corresponding to the curve of the cylinders. The distance apart of the clamps was regulated by 
two strong iron rods, bavlug screws and nuts at their ends for that purpose. Thus when a scotion 
of a cylinder was hoisted by means or the sbearB into its position over the space between the two 
boats, the two concavities of the clamps were brought into contact with it, and the nuts being then 
screwed ap, the oyliudur was firmly held in place by the clamps. The shears could then be used to 
raise another section of the cyliuder to its place upon the first one, that the two might be bolted to¬ 
gether. By repeating this process the height of the evliuder would snnu become too great to allow 
the shears’to place another section upon It, in which case the nuts of the screws were slightly 
loosened, and the cylinder was allowed to slip down slowly mto the water until its top was hut a 
little above the surface. The screws were then again tightened, and the cylinder again held fust 
until other sections were added aud bolted to it. When there was danger that the upward pressure 
of the condensed air might lift a cylinder, the clamps were raised by the shears clear of the boats, 
then tightened to the cylinder, and a platform of planks laid upon t|jeni, and loaded with stone 
The air-lock was su arranged as not to require to lx* removed when a new sec¬ 
tion was to be bolted on This was effected as follows. Bootlons of the cylinder were bolted tngeiher 
In the manner just described, until its foot rested on the bottom, with its top a few feet above high 

water. A heavy cast iron diaphragm 1*4 inches thick, to form the floor of the 

air-look, was then placed on top. Then was added another 10 ft high section of the cylinder, to form 
the chamber of the air-lock. These were bolted together, and then another diaphragm was added 
at top to form the roof of the air-lock. These diaphragms were furnished with openings, and with 
doors and valves corresponding with those shown in Pig 17. and remained permanently In the 

cylinders when the work was finished If the depth of soil to be passed through before reaching 
rock is so great as to require other sections of cvlinder to be bolted on above the top of the air-lock 
this may be done to anv extent, inasmuch as it is immaterial whether the air-lock is under water or 

not. To keep the cylinder both air- and water-tight the faces of 

the flanges before being bolted together were smeared with a mixture of red and white lead and cot¬ 
ton fiber 

Kouth St. bridge. Philadelphia. D. M. Stauffer, Frankhu InBt. 
Jour Nov 1872. Thirteen cast iron cylinders, m 10 ft lengths, 1*4 ins thick; 
4, 6, and 8 ft diam; weighing, reap, 0800, 10800, 14000 lbs, diafrains 783, 
1600, 2800 lbs reap. Inside flanges 2% ins wide, 1 >4 ins thick, with bolt-holes 
1*4 ins diara, 5 ins apart c. c. The bottom edge has no flange. The work went 
on, day and night, summer and winter; with no interruption from the tides, 
floods, or floating ice; and the thirteen cyla were sunk, filled with concrete, 
and completed in 11 months ; much of which was consumed in leveling off 
the rock, and bolting the cyls to it by means of cast iron brackets. The want 
of guides caused much tilting, trouble and delay. Range erf tide abt 7 ft. 
Water abt 25 ft deep. Depth of soil, gravel, etc, 6 to 30 ft. Co«t of cylinders, 
in place, filled with concrete, 140, 164, 192 reep per ft of total length. Three 
gangs of men; each gang workt 4 hours at a time. 

Oheatnnt St. bridge. Philadelphia. 1884-5. Four wrot-iron cyls, 
8 ft diam, 66 ft long, at 415° with the hor, intended as struts to prevent 
the movement of one of the abut piers. 

rant iron cylinder* have cracked thru, around their entire circum¬ 
ference, in many parts of the U. S. in very cold weather; owing to dilT of 
contraction betw the iron and the concrete filling. 

The shaded part of Fig 18 shows a transverse section of the calMHon of yellow- 
ptae timber and cement, for the Brooklyn tower of East River (N Y) 
suspension bridge, of 1600 ft clear span. It is 168 ft long at imttoni, and 102 ft wide. 
A longitudinal section resembles the transverse one, except in being longer, and In 
showing more shafts J. Of these there are 6, arranged in pairs, for expedition and as 
a precaution against accident. Namely, two water-shafts J, each 7 ft by 6% ft across, 
for removing by buckets and hoisting apparatus, the material excavated beneath the 

caisson ; together with such 
water as may accumulate at 
o o; two air-shafts of 21 ins 
diam, through which air is 
forced from above, to expel 
the water from the chamber 
C 8 S I) below the caisson, so 
as to allow the laborers to 
work thereat undermining; 
the excelled water oscaping 
under the f<K»tO I) of the cais¬ 
son, into tlie river; and two 
supply shafts of 42 his diam, 
for admitting laborers, tools, 
4«. The several shafts of coarse have air-chambers on top, op the same principle M 
ft* V?„ to prevent the escape of the compressod air in 11 . 
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Th« ih.ru nil uu holltr In®. The foot C D, nine tleebere high, ie eonUnuoa., exteudtse 
ntirel; around the oaUaon; lta bottom U ahod with caat iron ; ita Tour corner* are strengthened bj 
wooden kneea 'JO ft long. 

From the bottom, up to the line N,N, lift, the caisson i* built of horizontal layer* or timber* one 
foot square; the layer* crossing each other at right auglea ; and the timber* of each laver touching 
each other well foroed and bolted together; and all the joint* filled with pitch. To aid in prerenting 
leakage, the nut* and heads or the screws have Inala-rubber washers, also all outside seam*, a* well 
a* all the seam* of the laver of limber* N, N, are thoroughly calked; and a layer of tin, enclosed 
next belowN^*** ° f Wt ’ “ placed ouUide ° r ®»° b ouler joint; and over the entire top of the layer 
When the caisson was built up to N, N, on land, it was launched, floated into position, and anchored; 
alter which were added Tor sinking it. fifteen oourse* of timber* one ft square; and laid one ft apart 
In the clear; with the Interval* filled with concrete. The top course A B is of solid timber to serve 
a* a floor for *upporting machinery, 4o. It was sunk some feet below the verv bottom of the 
river, in order to avoid the teredo. 

Oribs are sunk outside of the caisson, to form temporary wharves for boats carrvins awav excavated 
material; and for vessel* bringing stone, 4c„ J J 

When the caisson was sunk, and the water forced out from the chamber or space C ft 8 D workmen 
began to exoavate uniformly the enclosed area of river bottom, so as to allow the caisson to descend 
slowly until it reached a firm substratum. The space C 8 S D, as well as the shafts, was then filled up 
■olid with concrete masonry. A coffer-dam was built on top of the caisson , and in it the regular 
masonry of the tower was started. The total height of this tower including the caisson, is about 300 
ti For full details see report. 1873, of W. A. Roebliug the chief engiucer 


Hollow cylinders, or other forms of brickwork or ma¬ 
sonry, with a strong curb or open ring ol timber or iron beneath them, may be 

gradually sunk by undermining aud exaav&tiug from the inside, and form very stable foundations. 
Under water this may be doue by properly shaped scoops, with or without the aid of the diving-hell, 
according to the depth, 4c. On land it will often be the most economical and satisfactory mode, 
especially in firm soils. The descent may be assisted by loading them, if, as sometimes happens, the 
friction of their sides against the earth outside prevents their sinning by their own weight. A brick 
cylinder, 415 ft outer diam, wails 3 ft thick, has been sunk 40 ft in dry sand aud gravel, without any 
difficulty. H was built 18 ft high, (on a wooden curb 2) Ins thick,) and weighed H00 tons before the 
sinking was begun. The interior earth was excavated slowly, so that the sinking was about 1 ft per 
day ; the walls being built up as it sank. Tunnel abaft* are at times so sunk. 


On the Rhine for a coal shaft, a brick cylinder 2feet diam was first thus 
sunk by It* own weight "i»> ft through sand and gravel; theu an iuterlor one. 15 ft diam, was sunk in 
the same way to the depth or 256 ft below the surface, of which depth all the 180 ft below the first 
cylinder was a runumg quicksand. At 256 ft friction rendered the cylinder immovable. The quick 
sand was removed by boring; no pumping was done; but the water was permitted to keep thecyl full. 

The entire foundation for a large pier of masonry has been sunk in this manner, in a single mass; 
a sufficient number of vertical openings being left in it for the workmen to descend, or for tools to be 
Inserted for undermining. This Is generally a verv slow and tedious operation, especially under 
water. It may often be expedited by diving-bells or by diving-dresses. It will generally be better to 
make tbe mass wider at bottom than above it, su as to diminish friction against the outside earth. 
On land, water may at time* be used for softening the bottom earth. By keeping the interior of such 
hollow masonry dry, 't may even be built downward from tbe surface; by UDderminiug only a por¬ 
tion of its circumference at a time, filling said portion with masonry, aud then removing and tilling 
the other portion ; and so on in successive stages of 2 or 3 ft downward at a time. This mode may b« 
adopted also when friction has stopped the sinking of a mass by its own weight when undermined. 

The sand pump as used at the St Louis bridge will often be of service iu rais¬ 
ing sand from cylinders while betng sunk iu water. With a pump pipe of 3.5 ins bore, and a water 
jet under a pressure of 150 lbs per sq Such, 20 cub yds of sand per hour were raised 125 feet. A jet of 
air has also been successfully used in tbe same way, aa at tbe Bast River, N V, suspension bridge, 4a 
Faaelnefl. On marshy or wet quicksand bottoms, foundations may be laid by 
first depositing large ureas of layers of fascines, or stout twigs and small branches, 
strongly tied together iu bundles from ti to 12 tt long, and from 6 ins to 2 ft in diam. 


The layers or strata of bundles should cross each other. A kind of floating raft or large mattres* 
is first made of these, and then sunk to the bottom by being loaded with earth, gravel, stones, 4q 
in this manner the abutments and piars of the great suspension bridge at KielT. in Russia, with apana 
of 440 ft, were founded In 1H52, on a shifting qutokBand. There the fascine mattresses extend 100 ft 
bevoud the bases of the masonry which rests upon them 

Pasoines may bo used in the same way for sustaining railway embankments, 4c, over marshy 
ground, but they will settle considerably. 

Naml-pile*. We have already alluded to the use of saud well rammed in layers 
Into trenches or foundation pits; but it may also be used in soft soils, in the shape 
of piles. A short stout wooden pile is first driven ft to 10 teet or more, according to 
the case. It is then drawn out, and the hole is filled with wet sand well rammed. 
The pilels then again driven in another place, and the process repeated. The inter¬ 
vals may be from 1 to 3 ft iu the clear. Platforms may lie used on these piles as on 
wooden ones. If the sand is not put in wot, it will be in danger of afterward sink¬ 
ing from rain or spring water. In this case, as with fas-cines, It is well to test the 
foundation by means of trial loads. Some settlement must inevitably take place 
until all the parts come to a full bearing; but it will lie comparatively trifling. The 
Bame occurs In every large work to some extent; as in a roof or arch of great span, 
whether of wood, iron, or masonry; so also with all tall piers, walls, Ac, Ac. 8andy 
foundations under water should be surrounded by stout well-driven sheet-piling, t** 
prevent the enclosed sand from running out in case the outer sand is washed away 
and should alBo be defended by a deposit of random-stone. 
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ROCK-DRILLING*. 


On bad bottoms under water, nmall artificial Islands of good soil have 
been deposited; and the masonry founded upon them. Canal locks and other 
Structures may at times be advantageously founded in this way in marshy suils. 
If necessary, a depth of several leet of the had soil may l* dredged out before the 
firmer soil is deposited ; and the latter may be weighted by a trial load to test its 
stability. 

The mode of laying a foundation undei water, by building the masonry upon 
a timber platform above water, upheld by Mirons 1 wrews, and lowered into 
the water as the work is finished in the open air, a course or two at a time, has 
of late been much employed with entire success, in large bridge-piers in deep 
water. It however is not new. It was suggested more than 100 years ago by Belidor. 

Piles are driven 6 to 10 ft apart around the space to be occupied by the pier; 
having their tops connected by heavy timber earpieces. These last uphold the 
screws, which work through them. The whole is braced against lateral motion. 

A clump of piles well DRIVKH; and then enclosed by an iron cylinder sunk 
to a firm bearing, and filled with concrete, is an excellent foundation. The piles 
may extend to the top of the cylinder, and thus be enclosed in the coucrete. Such 
an arrangement has been patented by S. B. Cushing, C. E., Providence, R. I. The 
cylinder and concrete serve to protect the piles from sea-worms, and from decay 
above low water; and are not intended to support the load above them. 

STONEWORK. 

Where work is done on a large scale, blasting can sometimes be done at from 10 
to 20 percent less cost per cubic rard by means of machine drills and 
dynamite, than by hand drill* and gunpowder. Ordinarily, how¬ 
ever, the cottt 1* about the same, and the ad vantage of the newer methods 
consists rather in economy of time, convenience, and having the work more 
entirely under control. In ordinary railroad work in average hard rock, and when 
common labor costs 81 per day of ten hours, the cost per cubic yatd, for loosening, 
will ordinarily range between 30 and 60cts, including tools, drilling, powder, Ac. 

Holes for blasting, drilled by hand, are generally from 2>.j to 4 ft 
deep; and from 1 % to 2insdiaiu. Churn-drilling is much more expeditious 
andeconomical thau that bjjummny .mentioned below. Thechurn-drill is merely 
a round iron bar, usually a bout 1)4 insdiam, and 0 to 8 ft long; with a steel cutting 
edge, or bit, (weighing about a lb, and a little wider thau the diam of the bar,) 
welded to its lower end. A man lifts it a few inches; or rather catches it as it 
rebounds, turns it partially around ; and lets it fall again. By this means hedrills 
from 5 to 15 teet of hole, nearly 2 ins diam, in a day of 10 working hours, depend¬ 
ing on the character of the rock. From 7 to 8 ft of holes 1% ins diam, is alxmt a 
fair day’s work in hard gneiss, granite, or compact siliceous limestone; 5 to 7 ft 
In tough compact hornblende ; 3 to 5 in solid quartz; 8 to 9 in ordinary marble 
or limestone; 9 to 10 in sandstone; which, however, # iuav vary within all these 
limits. When the hole is more than about 4 ft deep, two men are put to the drill. 
Artosian, and oil wells, in rock, are bored on the principle of the churn-drill. 

Thejumper, as now used, is much shorter than the churn-drill. One man (the 
holder) sitting down, lifts it slightly, and turns it partly around, during the inter¬ 
vals between the blows from about 8 to 12 lb hammers, wielded by two other lalwr- 
srs, the strikert. It can be used for holes of smaller diameters than can lie made 
by the churn-drill; because the holder can more readily keep the cutting end at 
the exact spot required to be drilled. It is also better in conglomerate rock ; the 
hard siliceous pebbles of which deflect the churn-drill from its vertical direction. 
Jo that the bole becomes crooked, and the tool becomes twmnd in it. The coal 
joiiglomerates are by no means hard to drill with a jumper. The jumper was 
formerly used for large deep holes also, before the churn-drill liecame established. 

Either tool requires resharpening at about each 6 to 18 inches depth of hole, 
ind the wear of the steel edge requires a new one to be put on every 2 to 4 days. 
With iron jumpers, tho top also becomes battered away rapidly. As the hole 
iecomes aeeper, longer drills are frequently used than at the beginning. The 
imaller the diameter of the hole, the greater depth can lie drilled in a given time; 
in d the depth will be greater in proportion than the decrease of diam. Under 
limilar circumstances three laborers with a jumper will about average aa much 
lenth as one with a churn-drill. 

The hand-drill, in which the same man uses both the hammer and the short 
irill, is chiefly used for shallow holes of small diam. With it a fair workman 
rill drill about as many feet of hole from 6 to 12 ins deep, and about % inch diam, 
is one with a churn-drill can do in holes about 8 ft deep and 2 ins diam, in the 
•me time. Only the jumper or the hand-drill can be used for boring holaa 
Vhich are horizoutal, or much inclined. 
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Cost Of quarrying Stone. After the preliminary expense* of pnrchMing 

the site of ft good quarry; cleaning off the surface earth and disintegrated top rock; 
and providing the necessary tools, ti licks, cranes, &c ; the total neat expenses for 
getting out the rough stone for masonry, per cub yard, ready for delivery, may be 
roughly approximated thus: Stones of such sizes as two men can readily lift, meas¬ 
ured in piles, will cost about as ranch as from V to % the daily wages of a quarry 
laborer. Large stones, ranging from }/ 2 to 1 cut) yd each, got out by Wanting, from 
1 to 2 daily wages per cub yd. Large stones, ranging from 1 to 1% cub yds each, in 
which most of the work must be done by wedges, in order that the individual Btones 
shall come out in tolerably regular shape, and conform to stipulated dimensions; j 
from 2 to 4 daily wages per cub yard. The smaller prices are low for sandstone, ’ 
while the higher ones are high for granite. Under ordinary circumstances, about 
X% cub yds of good sandstone can be quarried at the same cost as 1 of granite; or, 
in other wordB. calling the cost of granite 1, that of sandstone will he %; so that 
the means of the foregoing limits may be regarded os rather full prices for sandstone; 
rather scant ones for granite; and about fair for limestone or marble. 

font of dressing stone. In the first place, a liberal allowance should be 
made for waste. Kven when the stone wedges out handsomely on all sides from 
the quarry, in large blocks of neatly the required shape and size, from ot 

ttie rough block will generally not more than cover waste when well dressed. I* 
moderate-sized blocks, (say averaging about % a cub yard each,) and got out by 
blasting, from % to % will Dot be too much for Btone of medium character as to 
straight'splitting. About the last allowance should also be made tor well-scabblef 
rubble. The smaller the stones, the greater must be the allowance for waste in 
dressing. In large operations, it becomes expedient to hu\e the stones dressed, as 
far us possible, at the quarry; in order to diminish the cost ot transportation, which, 
when the distance is great, constitutes an important item—especially when by land, 
and oil common loads. 


A Utonecotter will first take out of wind; and then fairly patent-hammer dress, about 8 
to 10 so ft of plain face in hard granite, in a day of 8 working hours; or twice as much of suob infe¬ 
rior dressing a« is usually b-«owed on the beds and joints, and generally on the faces also of bridge 
masonrv &c when a \ery tine finish is not required. In good sandstone, or marble, he can do about 
V 4 more than in granite. Of hammer finish, granite, 4 to o sq ft. 

C'o*t of masonry. Every item composing the total cost is liable to much 
variation; therefore, we can merely give an example to show the general principle 
uuon which an approximate estimate may lie made; assuming: the wages of » 
laborer to be $2.00 per day of 8 working hours; and $3.50 for a mason. Tli« 
monopoly of quarries affects prices very much* 

Cost of ashlar facing; masonry. Average size of the stones, say 5 ft 
Iona 2 ft wide, and 1.4 thick, or two such stones to a cub yd. Then, supposing the 
stone to be granite or gneiss, the cost per cub yd of masonry at such wages 
will le Getting out the Btone from the quarry by blasting, allowing >4 for waste ln 

’ dressing; 1* cub yds, at fS.OO per yard. •J , {S 

•• * 53 “ beds and joints, at loots. a,3B 


Neat aost of the dressed stone at the quarry. 18 M 

Hauling, say 1 mile; loading and unloading.. • - • - •••••*•• 

Uy2£ "eluding scaffold, hoisting machinery, superintendence, ftc. 3 -°° 

Neat cost. 

Profit to contractor, Bay 15 per ct .. 

^ , ...__ „„„ Th efface s'are to be rounded! or moulded.’ ’ if the’stones are smaller than 

we have Msumed, there will be ?reswd*Ji ali sides, including the bank, the 

If in the foregoing case, the stoiae be prf uy t ^ tfc# gWei ^ curve d, M In arch stones, 

w*™ 1 fT^^Sftanmenlieeocletleo; from eqnerrj opened bj tbemeelre. for the pnrpoed. The 
per eub yd, by thenonum . Mrvloei t*t nf T0 luntary, The average contract offers for ths 

A,.ooi"|m reorivrf Tto eo’tuel e£t or 'ettlnj onttbe ™njh Monk. nt the querrj we. »k.70 Load- 
.boat 15 eu. Traa.porUtloo 8 mile, b, r.Mwnj end common rood, tt.U. 
*»»» niwkllled lebor Caere*..' tl per de,. 












The Item or laying will be much Increased If the stone has to be raised to great heights; or irit has 
to be much handled; aa when carried in soows, to be deposited in water-piers, Ac. Almost every 
large work presents certain modifying peculiarities, which must lie left to the judgment of the engi 
uecr and contractor. The percentage of contractors' profit will usually bo leas on large works than 


Cost of ashlar facing masonry. If the stone be sandstone 

with good natural beds, the getting out may be put at $3 00 per cubic yard. Face dressing at '26 ctR 
oosVIaid $n oo ** *' er CUbiC y< *' au<1 JoinU 13 cu I ,er sf l • aa ? ®®.76 per cub yd. The neat 

And the total co*tt of large well Nonbhled ranged 
sandstone masonry in mortar, nitty bo taken at about $10 per cub yd 

Cost of large scabbled granite rnbble, such as is Generally used an 
backing for the foregoing ashlar; stones averaging about % cub yd each • 


Labor at $1 per day. cub yd of 

masonry. 

Getting out the stone from the quarry by blasting, allowing Vi for waste in 

•cabbling; l^cub yds at $3.00 . $3 43 

Hauling 1 mile, loading and unloading . 1 20 

Mortar; (2 cub ft, or l.b struck bushels quicklime, either in lump or ground; 

and 10 cub ft, or 8 struck bushels of sand, or gravel; and mixing>. .. 150 
Scabbling; laying, including scaffold. hoiatiDg machinery, Ar.2 SO 

Neat cost. 8 83 

Profit to contractor, say 15 per ct. 1 30 

Total cost... 9 03 


Common rabble of small stones, the average bizo being Hindi :ih two 
men can handle, costs, to get it out of the quarry, aliout 80 cts per yard of pile, 
er to allow for waste, bay $1.00. llaulmg 1 mile, $1.00 It can lit* roughly scabbled, 
aud laid, tor $1.20 more; mortar aa foregoing, $1.50. Total neat cost,$4.70, or, with 
15 per ct profit, $5.40, uf the above wages for labor, 


With smaller stones, such as one man can handle, we may say. stone 70 ets, hauling $1 '• 
,aymg and scaffold tools Ac, $1, mortar $i.50 Making the neat rout $4 20, nr with 15 per ct profit, $4.83 
Neat scabbled irregular range- work coats from $2 to $3 more per j d than rubble, according to the charac¬ 
ter of the stone Ac. The lay ingof thin walls costs more than thatof thick ouea, sui h aa abutments Ac * 

The cost of plain H inch thick ashlar Inrings tor dwellings At; in 
Pbllada, in 1888, Is about as follows per square foot showing, put up, including everything. Sund 
atone, $1.50 to #2 23. Pennsylvania marble, $2.60. New England marble, $2 75 to $.1.25 Granite. 
$2.25 to $2.75. if 6 ms thick, deduct one-eighth psrt. First class artificial stone 
could be made aud put up at one third the price. North River blue Stone 

fla£S, 3 ins thick, for footwalks, put down, including gravel *o. 70 cu per sq foot. Belgian 
Street pavement, with gravel, complete, $3.50 per sq yard m Eastern cities. 

When dressed ashlar facing is backed by rubble, the expeuae per cub yard of the 
entire mass will of course vary according to the propoi turns of tin* two. Thus, il 
ashlar at $12 per yd, is backed by an equal thickness of i ublde at $5, the mean eo>t 
will tie r$12 + $5; +• 2 = $8.50; or if the rubble is twice as tint k as the ashlar then 
($12 + $5 + $5) -i- 3 = $7.33, <kc. Such compound walls are weak and 
apt to separate in time, as also walls of cut stone backed by eonerete, or by brick; 
from unequal settlement of the two parts. 

At times tbs contractor nxu«t be allowed extra Id opening new quarries. In forming 
■hort roads to his work ; In digging foundations ; or for pumping or otherwisa draining them, when 
•prings are unexpectedly met with ; for the centers for arches, Ac, unless these items are expressly 
Included in the contract per cub yd. 
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Art. 1. A retaiulngr-wall is one for sustaining tbe pressure 

of earth, sand, or other filling or backing , deposited behind it after it is built; in 
distinction to a face*wall, which ih a similar structure for preventing the fall of 
earth which is in its undistuibed natural position, hiu in which a vert or inclined 
face has Imen excavated. The earth is then in so consolidated a condition as to exert 
little or no lateral pres, and therefore the wall may generally be thinner than a 
retailing one. 

This, however, will depend upon the nature ud 
positiun or the strain iu which the face la cut. If 
the strata are of r.<ck. with interposed beds of clay, 
earth, or sand; and If they dip or incline toward the 
wall, It may require to be of far greater thickness 
than any ordinary retaining-wall; because when the 
thin scams of earth become softened by Infiltrating 
rain, they act as lubrics. like soap, or tallow, to fa¬ 
cilitate tbe sliding of the rock strata, and thus bring 
an enormous pres again*'. the wall. Or the rock may 
be sat in motion by the action of frost upon the clay 
•earns; or, as sometimes occurs, bv the tremor pro¬ 
duced by passing trains. Even if there be no rock, 
still If the strata of soil dip toward the wall, there 
will always be danger of a similar result; and addi¬ 
tional precautions must be adopted, especially when 
the strata reach to a much greater height than the 

wall. A vertical wall has both c o 

and d » vert. 

Experience, rather than theo¬ 
ry, must lie tun guide m the building of 
both kiuds ol wall. YVe recommend that 
the hor thickness a Fig 1, at the base ut a 
vert or uoaily vert retaming-wall c d 0 a, 
which sustains a hacking ot either sand, gravel, or earth, level with its top cd, 
as iu the Jig, should uot be less than the following, m railroad practice, when the 
louudutiouH are uot more than about three leet deep. 

When the backing is deposited loosely, as nsnal. as token 
dumjted Jrtnu carts, cars , <fcc. 

Wall of cut-stone or of first-clots large ranged rubble, 

in nurruir.....a.b . .35 of its entire vert height d b. 

“ good common tcabbled mortar-rubble, or brick. .4 “ 44 44 “ 

“ well-scabbled dry rubble .5 44 44 “ “ 

With good masonry, however, we may take the height d s instead of d b, aud then 
the above proportions of d s will give a sufficient thickness at the ground-liue o ». 

When the backing is somewhat consolidated in hor layers, 

each of these thicknesses may be reduced, but no rule can he given for this. 

The offset o e, in front of the wall, is not included m these thicknesses. 

When, however, the bucking li a pure clean sand, or gravel, we should use only the full dlmetj- 
■Ion* : Inasmuch a* the tremor, caused by passing trains, would neutralise any supposed advantage 
from ramming material* so devoid of cohesion. Such sand may be rammed with much advantage 
for the purpose of compacting it in foundations; but a diff principle i* involved in that oa»e. When 
It is done even with cohesive earthR, with a view of saviug masonry in retalnlng-walls, it Is probable 
that the expense will generally be found quite equal to that of tbe masonry saved. 

'"he base ah ir Fig 1,1* of the height b d. In the foregoing thicknesses at base, the bank d b 
of the wall i* supposed to be vert, and the face ca either vert, or battered (sloped or inclined back¬ 
ward) to an extent not exceeding about IX inches to a foot; which limit. It Is rarely advisable to ex¬ 
ceed In practloe, owing to the bad effect of rain, &o, upon the mortar when the batter la great. The 
base of a vert wall need not in Tact be as thlok as one with a battered face; but when the batter doea 
not exceed 1.5 iuoheB to a foot, the diff is very small. See Table, Art 7 

Rm 1. A mixture or sand, or esrtb, with a larfre proportion 

OF RODi*D lovtiius paving pebbles, fto, will weigh considerably more than the materials ordinarily 
used for hacking, aud will exert a greater pres against the wall; ths thickness or which should be 
Increased, say about oue-cighth to ouo-slxth part, when such backing has to be used. 

Rem. 2. Thu wall will be stronger if all the conraeft or masonry be laid 
with an inclination inward, an at oeb; especially if of dry masonry, 
or if time cannot be allowed (as it always should he, when practicable) for the mor¬ 
tar to set properly, before the hacking is deposited behind it. The object of incline 
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lug the course*, is to place the joints more nearly at right angles to the direetion 
/P, Figs 6, 7, and 8, of the pres against the back of the wall; and thus diminish 
the tendency of the stones to slide on one another, and cause the wall to bulge. 

Wheu the courses are hor, there is nothing to pre¬ 
vent this sliding, except the friction of the stones, one upon the other, when of dry 
masonry; or friction and the mortar, when the last is used. Bat if, as is frequently 
the case, (especially in thick and hastily built walls,) this has not had time to harden 
properly, it will oppose but little resistance to slidiug. But when the courses are 
inclined, they cannot slide, without at the same time being lifted up the inclined 
planes formed by themselves. In rctaimug-w&lls, as in the abuts of important 
arches, the engineer should place us little dependence as possible upon mortar; but 
should rely more upon the position of the joints, for stability. 

in objection to this inclining of the joint* tn dry (without mortar) walla, la that rain-water, failing 
on tbe battered face, ia thereby carried luward to the earth backing, wbioh thus becomea soft, and 
jettlea. This may be in a great measure obi luted by laying the outer or face-couraes hor, or by 
using mortar for a depth of only about a loot from the faoe. The top of the wall should be protected 
by a coping c d, Fig 1, which had better prqject a few Sue in front. After the masonry has been 
built up to the surface of the ground, the foundation pit should be ailed up, and It is well to con¬ 
solidate the Ailing by ramming, especially in front or the wall. 

The back d b of the wall ttbould be left rough. In brickwork it 

would be well to let every third or fourth course project an inch or two. This increases the friotion 
of the earth against the back, and thus causes tbe resultant of the forces acting behind the wall to 
beoome more nearly vert; and to fall farther within the base, giving increased stability. It alao con¬ 
duces to strength not to make each oourse or uniform height throughout the thickness of tbe wall, 
bat to have some of the stone* (especially near tbe back) sufficiently high to reach up through two or 
three courses. By this means the whole masonry becomes more effectually Interlocked or bonded 
together a* one mass, and therefore less liable to bulge. Very thiok walls may consist of a facing 
of masonry, and a backing of concrete. 


Rum. 3. It is the pres Itself of the earth against the back, that oreatet the friction, which in turn 
modifies tbe action of the pres, as the wt or pres of a body upon an inclined plane produces friction 
between the body and the plane, sufficient, perhaps, to prevent the body from sliding down it. A re- 
mining-wall is overthrown by being made to revolve around ita outer toe or edge e, Fig 1. as a fui- 
jrum, or turning-point; but in order thus to revolve, ita back must first plainly rise, and in doing 
so must rub against the backing, and thus encounter and overcome this friction The 
friction exists the same, whether the wall stands firm or not, as in tbe case of the 
body on an inclined plane; the only did is that in one case It preterite motion; and 
In the other only retard* it 

Where deep freezing occur* the back of the wall should 

be sloped forwards for 3 or 4 ft below ita top as at c o, which should be quite smooth 
•o as to lessen tbe hold of the frost and prevent displacement. 


mw 

fei'l | Fig 2 


Bxm. 4. When the wall is too thin, it will generally fall 
by bulging outward, at about ]/, of «ts height above the 
ground, as at a, in Fig L A slight bulging in a new wall 
does not necessarily prove it to be actually unsafe It is 
generally due to the newness of the mortar, and to the 
greater pres exerted by the fresh hacking ; and will often 
cease to increase after a few months. It need not excite 
apprehension if it does not exceed inch for each foot in 
thickness at a. See Remark 3, Art 7. 


Art. 2. The young engineer need not in practise oonoern himself particularly about the pascrsa 
r muv or hw lAcrnia, or about the asql* or slop* at which it will stand ; for the material which 
le deposits behind his wall one day. may be dry and inoohereut. so as to slope at 114 to 1. the nwrt 
lay rain may oonvert it into liquid mud, seeking ita own level, like water; the next it may be Ice, 
lapable of sustaining a considerable toad, as a vert pillar. 

Moreover, be cannot foretell what may be the nature of his hacking; for, as a general rule, thia 
nust oonilst of whatever the adjacent excavation may produoe from time to time; sand to-day, rock 
e-morrow, Ac. Retaining-walls are therefore usually built before the engineer knows the character 
if their backing; so that in practice, these theoretical considerations have comparatively but little 
veight. Theory, uncontrolled by observation and oommon sense, will lead to great errors in every 
lepartment of engineering; but, on the other hand, no amount of experience alone will compensate 
’or an ignoranoe of theory. The two must go hand-in-hand. 


Again, the settlement of the backing under It* own wt, aided 
jy the tremors produced by heavy trains at high speed; Its expansion bv frost, or 
by the infiltration of rain ; the hydrostatic pressure arising from the admission of 
the latter through cracks produced in the backing during long droughts; as well as 
ts lubricating action upon it, (diminishing its friction, and giving it a tendency to 
ilide,) Ac, exert at times quite as powerful an overturning tendency as the legitimate 
theoretical pres does. The action of these agencies is gradual. Careful observation 
Df retaining-walls year after year, will often show that their bettered faces are be¬ 
coming vertical. Then they will begin to incline outward; and r /entually the wall 
will fail. Theory omits loads that may come on backing iucreasiug its pres. 
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Assuming the theoretical views advanced by Professor Moseley to be correct as 
theories, the thicknesses which we have recommended in Art 1, for mortar walls, 
correspond to from 7 to 14 times; and for dry walls about 10 to 20 times, the pres 
issigned by him; and we do not consider ourB greater than experience has shown 
to he necessary. See Table 3. Retaining-walls designed by good engineers, but in 
too close accordance with theory, (which assumes that a resistance equal to twice 
the theoretical pres is sufficient,) have tailed; and the inference is fair that many of 
those which stuud have too small a coefficient of safety. 

The fact Is, (or at lean so It appear* to us,) there must be defects In the theoretical assumption* of ■ 
lome of the most prominent writers who give practical rules on this subject. Thus Poucelet, whO( 
jertaiuly is at their head, states that his tables, for practical use, give thicknesses of base for sus- ' 
ftiniug 1 times the theoretical pres; aud this he considers amply safe. Yet, for a vert wall of cut 
jranite, his base for sustaining dry sand level with the top, as in Pig 1, is .36 of the vert height; 
•od for brick, .45. Hut the writer found that when not subject to tremor, a wooden model of a vert 
wall, weighing but 28 lbs per cub ft, and with a base of .35 of its height, balanoed perfectly dry sand 
lloping at 1)4 to 1, aud weigbiug 8b lbs per cub ft. 

Now, THK KKBISTANCE OF SIMILAR WALLS, OF THE SAMS DIMENSIONS, 
vaiuxs AS thkik specific gra\ itikm ; and, Bince granite wetghB about 1H5 
lbs per cub foot, or 6 ttmes a* much as our model, it follows, we conceive, 
that a wall of that material, with a base of .35 Of its height, must have 
t resistance of 6 limes any true theoretical pres, instead of only ] H 
times; and that his brick wall must have about 6 times the mere bal¬ 
ancing resistance. Our experiments were made in an upper room of a 
strongly built dwelling ; and we found that the tremor produced by pass¬ 
ing vehicles in the street, hy the shutting of doors, and walking’ about 
the room, sufficed to gradually produce leaning in walls of considerably 
more than twioethe mere balancing stability while quiet; and it appears 
to us that the injurious effects of a heav train would be comparatively 
juite as great upoD an actual retaining wall, supporting so lncohesive 
a material as dry sand. 

Hince, therefore, Honcelet's wall is in this instance sufficiently stable 
for practice, it seems to us that hit theory, which neglects the effect of 
tremors, to, must be defective. Be also gives ^ of the height as a suf¬ 
ficiently safe thickness for a vert granite wall supporting sfijf earth; but 
we suspect that very few engineers would be willing to trust to that pro¬ 
portion, when, as usual, the earth is dumped in from cam, or cars; espe¬ 
cially during a rainy period. If deposited, and consolidated in layers, 
theory could scarcely assign any thicknesa for the wall; for the backing thus becomes, as it were, a 
mass of unburnt brick, exerting no hor thrust; and requiring nothing but protection from atmospherlo 
influence, to insure it* stability without any rrtamt'ns-waU. It Is with great diffidence, and distrust 
In our opinions, that we venture to express doubts respecting the assumption* of so profound an in¬ 
vestigator and writer as Poncelet; and we do so only with the hope that the views of more compe¬ 
tent persons than ourselves, may be thereby elicited. Our own have no better foundation than ex¬ 
periments with wooden and briok models, by ourselves; combined with observation of actual walls. 

Art. 3. After a wall a b c o, Fig 3, with a vert back, baa been proportioned by 
our rule in Art 1, it may be converted Into one with an othetted 
back, as a i n o. This will present greater resistance to overturning; and yet con¬ 
tain no more material. Thus, through the center t of the back, draw any line i n; 
from n draw n t, vert: divide »t into any even number of equal parts; (in the fig 
there are 4;) and divide * n, into one more equal parts; (in the fig there are 5.) From 
the points of division draw hor, and vert lines, for forming the offsets, as in the fig. 

In the offsetted wall, the cen of grav is thrown farther hack from the toe o, than 
in the other, thus giving it increased leverage and resistance; but \uthin ordinary 
practical limits, the diff is very small; and since the triangle of supported earth is 
greater than when the back i8 vert, its pres is also greater, so that probably no ap¬ 
preciable advantage attends that consideration. The increase of thickness 
near the base, diminishes, however, the 
levern^e r «, Fig; S. of the pres/P, of the 
earth against the back. The center of pressure of 
this prea is m both canes at */, the vert height, meas¬ 
ured from the bottom; and it is therefore plain that 
the farther l>ack from the front it is applied, the shorter 
must v a become. Moreover, in the offsetted Imck, the 
direction of the preB becomes more nearly vert than 
when the back 1 b upright. It iB to these causes, rather 
thau to the throwing hack of the cent of grav, that 
the offsetted wall owes ita increase of stability ov?r 
one with a vert back. 




Art. 4. When.» In FI* 4. the backln* Is hl*her than the 
wall, and slopes away trom ita inner edge d, at the natural elope d i, of 1U to l.ee 
are confident that the following thlckneeeee at baae will at least be found ntfiam 








for vert walla with sand. Tlu»y are deduced from the experimeni' jiwl alluded to, 
and are but rude approximations, with no scientific basis We eh .uld not have in¬ 
serted them, but for the tact that we know ot no olheii for this <«»■'<■ 

The first column contains the vert height s r. <rf tin* earth as o .npaicd with the 
vert height of the wall: which latter is assumed t*i be I. that the table begins 
with backing ot the same height as the wall, ns m Fig 1 Th<-*e \-rt walls nm,\ be 
changed to otheis, with battered faces, by Art b; 01 without am *u< h piot'ceding, 
their faces may la* lettered to any extent not exceeding l'» niches to a l<Mit, or 1 in 
8, without sensibly affecting their stability, without un leasing the luv 


TABLE 1. (Original ) 


<iia 
® V ** 

■£ a * 
•*" ► 

ir- 

!j? 


Thickness at Rase, in parts of 
the height. 



Art. 5. But when the slope n r. Fig 5, of 1% to 1, starts from the outer edge n 
of the wall, greater thickness is required. Poncelet gives the following for this 
case, for dry sand. 

TABLE 2. 



When the earth reache# above the top oftbe wall, as In Pig* land!) the wall I* AUrchartfed : 
and the earth thatis above the top, is called the sew luitna When the surcharge is carefuilv deposited 
above the wall, so as to itope back at a ateuoer angle than 1^ to 1. as say at 1 to I. theory does not 
require the wall to he aa thick. Notwithstanding Poncelet'a high position, the writer oanuot imagine 
that the baae of a brick wall need be so great as JH times Us height for any heightofaand whatever. 

Art. 6 . On the theory of retAlnlng-wallA. Letbcam, Fig 6 , be 
such a wall, upholding backing or filling ct mg; the upper surf c a of which is 
hor, and level with the top be ofThe wall; and let m t represent the nat slope of the 
earth which compost* the backing; m g being hor. 


Abundant experience on public works ahowa that this slope, whether Tor sand, armel or earth 
whan dry, may bo practically taken at 1* to 1; that ta, 1* hor. to 1 of vert measurement: which 
iormponda to an angle • m g of S3 3 41' with the hor; *hlch is alto about the angle at which bricks 
®d roughly dres»*l maaonry begin to alida on each other. ThU angle, however, varlea consider. 
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bl.T , bring greatly infiaenoed by th« degree ef dryneia, or dampncii, of tbe material; so that mode¬ 
rately damp »*nd or earib will (land at a alopo of 1 to 1, or at an angle of 4b°. Whatever It may be, 
it i» called mi akuls <-* hat *Lor« or the material under coniideraUoa. In theoretical caloalattom 
’or walla, it i» aafeat to aaaume (aa we have done throughout) that the backing la perfectly dry, alnoi 



IU prea la then greatert; unless It be auppooed to be ao wet aa to possess some degm of fluidity. The 
triangle cmof earth above the nat slope ms, tends to slide down said slope, but is prevented from 
so doing by the wall. 

It is assumed in all cases, that the wall la secured from ihdxng along its base, Art 9, that it is 
thict enough to prevent failure by bulging, and that it will fall only by overturning, by routing 
around iu toe, a, aa a 'ularam. The thickness neoeoaarv to insure aafety against the last will also be 
sufficient to prevent bulging. Now referring only to Fig < with a vert back, if the angle o m a, con¬ 
tained between the natural alope m s, and a vert line m o, drawn from the inner bottom edge m of 
the wall, be divided by a line m t, Into two equal angles, om t, ini, then the angle omtia called 
Tin AN4ua, and m t thk'slope, op maximum pbcbsukk. The triangular prism of earth, of which 
o m t is a section, or au end view, is called thk nos* or max p&u ; because, ir considered aa a wedge 
acting against the back of the wall, it would produce a greater pres upon it than would the entire 
t-’.augle emior earth, considered as a single wedge. For although the last is tbe heaviest, yet it la 
more aupi>orted by the earth below it. Calculation ahowa that ir we ooniider the earth o m a to be 
tnuM dn into wedges by any line m (, the wedge that will press most against the wall is (hat formed 
when m I dn idea the angle o m a, or the arc o i, into two equal parts. But aee Art 11. 

Since ma Is hor. and m o vert, the two form an angle of 90°; consequently the angle of max prea 
Is plainly round by taking the angle imp of nat slope from 90°, and dlv the rem by 2. Thus a nat 
•lope of 14 to 1 , or 83 ° 41', taken from 90\ leaves & 6 ° 18 '. snd ?*° — 2go 9' cor , 

responding; angle omtof max pres. 

For ease of calculation, only one foot of the length of the wall, and of Its backing, is usually con¬ 
sidered. The number of cub ft of wall, or of backing, is then equal to that of the tquare feet in 
their respective profiles, or cross-section*. 


Now, arcerding to Moseley, if we assume the particles of earth composing the 
hacking to he p< rfectlv dry. and devoid of cohesion, (or tendency to stick to each 
other,) which is veiy neariy the case 111 pure sand; aud if we suppose the wall to be 
suddenly removed, then the triangle of earth emt, comprised between the slope ml 
of max pre*, and the vert back cmof the wall, Fig 6, would slide down, under the in¬ 
fluence of a force which may be represented by y P, acting iu a direction y P, at right 
angles to the face cmof the triangle of earth; (or in other words, at right angles 
to the hack of the vert wall,) its center of force being at P, distant % way between 
m and c, measured from the bottom ; and its amount equal to either of the following: 


No 1. 
No 2. 


Ferp pres W3 of the triangle o f tarth cn itXot 
y P — vert depth o m ’ ( 

Wt of a single cuh . » 

Ferp pres ft of the backing X sq J 01 

y p -,- 


See { 
Art. 11. 1 


In view of the great uncert inty involved in the matter of the actual pressure 01 
earth against retaining-walls .n practice (see Art 2. ), and in order to fnrnish 

a simple rule which, although entirely unsupported by theory, is still (in the writer’s 
opinion) sufficiently approximate for ordiuary practical purposes, we shall assume 
that No 1 of the two foregoing formulas applies near enough to walls with In¬ 
clined backd c m, also, os Figs 7 and 8, (precisely as they are lettered,) at least 
nntil the back of the wull Inclined forward an much ad 6 Ins 
hor, to 1 foot vert, or at an angle emo of 28° 34'. What follows on 
retain Ing-wall* will Involve thid Incorrect assumption, and 
must be regarded merely ad giving safe approximation. 

Some appear to assume this perp pres to be the only one acting against the back 
of the wall; and bonce arrive at erroneous practical conclusions. For when, In 
order, to prevent thiB force from causing the triangle of earth to slide, we place a 
retaining-wall in front of it, then, inBtead of motion, the force will produce jm-m of 
the earth airalnst the wall, causing friction between the pressed surfaces of the 
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earth and wall. That la, If a wall were to begin to overturn around ita toe a as a 
fulcrum, its back c m must of course rise, and in so doiug must rub against the 
earth filling in contact with it; and this rubbing would evidently act to impede the 
overturning. So long as the wall does not move, the same friction assists in pre- 
venting overturning. To ascertain the amount and effect of this friction, let y P, Fig 
8, represent by scale the force perp to the back c m; and supposed to have been lire* 
vioasly calculated by the foregoing formula No 1 Make the angle y P/ equal to 
the angle of wall friction,* draw yf at right angles to 
y P, or parallel tome; make P x equal to yf, and com¬ 
plete the parallelogram P yf x. Then will x P represent 
by the same scale, the amount of the friction 
against the back of tfye wall. 


Hence we have acting at P, two forces ; 
namely, the perp force y P. and the friction * P; conse¬ 
quently, by comp aud res of force, the diag/P of the 
parallelogram P y fx, if measured by the same scale, will 
give us the amount of their resultant; which is the 
approx single theoretical force, both In 
amount and lu direction, which the wall 
has to resist. Including the wall friction. 

But this force,/P, is also always equal to the perp 
force y P, mult by the nat sec of the angle y Pf of 
the wall friction ; (or divided by its nat cosine) aud of 
course may be ascertained thus; 

wt of Mangle v . v nat etc of angle y Pf wt of v , 

Approx tkeoreti _ emt A 1 * of wall friction _ c m t A 

cal pres f P ce rt depth om~ c«ijP'fX»m 



Or finally, if it is assumed, as we do throughout, that the earth is perfectly dry (in 
tsmuch as its pressure is then the greatest) and that the angles of nat slope, and 
Of wall friction are then each 33° 41' or 1.5 to 1, then in Figs 6, 7 aud 8, if the angle 
cm o between the back c m and the vert o m does not exceed about 26° 34' we may 

Issume 


APPra pr« f^**'** 1 = » r triangle ealx .84.1 

Which includes the action of the friction of the earth against the back of the wall. 

Rix. 1. When the buck of the wall is oflbetted or stepped, as 

In Pig 3, instead of being simply battered, as in Figs 7 and 8, the direction of the 
ores of the earth will be the same as if the back had the batter in. 


Rem. 2. How to And both the overturning: tendency of the 

earth, and the resistance of the wnU acainst being overturned around its toe a as 
a iilcrum, first find thecen of grav g of the wall, and thru It, draw a vert line gh. Pro¬ 
long fP toward v and draw av perp to It By any scale make so - wt of wall, and si - 
calculated pres /P. Complete the parallelogram * i n o. and draw Its diagonal sn, 
which will be the resultant of the pres/P and of the wt of the wall, and should for 
safety be such that a) be not less than about one-fifth of am. even with best masonry 
and unyielding soil. Otherwise the great pressure so near the toe a may cither fracture 
the wall or compress the soil near that point so that the wall will lean forward. In 
walla built by our rule. Art 1. or by table, p 010, aj will be more than one-fifth of am. 
The pres/T If multiplied by Its leverage av will give the moment of the pres about a: 
and tbe wt of the wall multiplied by Its leverage ea will give that of the wall. The wall 
Is safe from overturning in proportion as Its moment exceeds that of the pres. It Is 
assumed to be safe against sliding, breating. or settling Into the soil. 


* This anfle of wall friction is that at which a plane of masonry must 
be Inclined to the horizontal so that dry sand or earth would slide down it. It Is about 
the same as the nat slope, or 33° 41', or 1.5 to 1; and Its nat secant Is 1.202, and Its 
nat cos .832. 
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Rem. 4. If the earth slopes downward from C, as 
at A or B, instead of being hor as in Figs 6, 7, 8, use the wt of the 
earth cmn instead of cmt,mn being the slope of max pressure. 

In A the point of application will still be at P (at one-third of 
to c) as in 6, 7, 8; but in B it will be a little higher as explained 
below for Fig 9. 

Surcharged walls are those in which the earth backing 
extends above the tops of the walls. 

According to theory, when as in Fig 9, there is a surcharge 
v c k of backing, sloping away from c at its natural slope c v, 
the max preB against the wall is 
attained when the earth reaches to 
the level of d, where the slope mid 
of max pres intersects the face of the 
uat elope c v ; so that if afterward the 
earth is raised to r, or to any greater 
height, no additional pres is thereby 
thrown against the back of the wall. 

So also if the earth slopes from b, or 
from lietween c and 6, except that 
then the slope md of max pres must 
extend up to meet this other slope. 

The approx I mate amount 

of the oblique pres, when the wall is 
surcharged, (as in any of the Figs 4, 

5,9,) may be found on the same prin¬ 
ciple as when the earth is level with 
its top; namely, instead of the fnVitt- 
glt. c to t of earth, Figs 6, 7, 8, 9, find 
ne wt of all the earth d x m t. Fig 4, 

■l in I r, Fig 5, or o d in, Fig 9 (if the 
surclutrge reaches to d nr v, or higher), 

between the slope m d, Fig 9, m t, Figs 4 and 5, of max pres, the back of the wall, and 
the front slope; omitting any which, like den, Fig 6, rests on the top of the wall 
(and thus adds to its stability) when the slope starts in front of c. Having found 
this weight, then for dry backing the 

*ppr£?mIW }-Wtor the earth X .643, 

Including the action of the friction of the earth against the back of the wall; near 
enough (in the writer’s opinion) for practical purposes in so uncertain a matter; 
but essentially empirical. 



The direction of the pressure thus found will be the same as when the 
earth is level with the top be; namely, as in Figs 0 and 7, first draw a line, as P y, 
perp to the back cm, whether vert or inclined. Then draw another line, as P/, 
making the angle y P/ — the angle of wall friction, which we all along assume to 
be 33° 41', or 1.6 to 1. Then P/ will give the direction of the pressure. But its 
point of application will not always be at P (one-third of the height of the wall 
above m) as heretofore; for in all cases it will be at that point P,or at some 
higher one as h, where the back is cut by a line IP or eh, Fig 9, drawn from the 
een of grav of the sustained earth (omitting any that rests immediately on the top 
fee), and parallel to the slope md of max pres; and eucli a line will strike at one- 
third the height of the wall only when the sustained earth tc m or dem forms m 
complete triangle, one of whose angles is at the inner top edge c of the wall. 
Ig All other caste said line for a surcharge will strike above P. 
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Art. 7. On page 603, Fig 1, we recommend that the base oi at the ground¬ 
line of well built vertical walls should not be less than .35, or .4, or .6 of the 
height above, said line, depending on the kind of masonry. But a wall with a 
battered (inclined) front or face as found by Art 8, (by which the following 
table was prepared), will be as strong, and at the same time contain less masonry 
than a vert wall, although the battered one will have the thickest base os. 

Table S, of thick ne»t*ea at base o s, Fig; 1, and at top c rf, of 
trails with battered faces, so as to be as strong: as vertical 
ones which contain more masonry. 

For the cnb yds of masonry above o s per foot run of wall, mult th« 
square of the vert height ds by the number in the column of cub yds. Then 
add the foundation masonry below" os. • 


All the walls below have the same strength 
as a vert one whose base o s, flg 1 = .35 
of Its ht ds. 

All the walls below have the 
same strength as a vert one 
whose base o #, ttg 1=4 
of ile ht d*. 

All the wall* below have the 
same strength as a vert 
one whose base os, flg 1 = 
.5 of iu ht de. 


Cut stone 


Mortar rubble. 

Dry rubble. 

Batter, in 
lu to a ft. 

Base, In 
pts of 
ht. 

Top, In 
pu of 
ht. 

C yds per 
ft run 

Base, In Top, in 
pu of I pts or 
ht ht 

O yds per 
ft run. 

Basr, in 
pu of 
ht. 

Top, tn 
pts of 
bt 

C yds per 
ft run. 

0 

350 

.360 

.01296 

.400 

.400 

.01482 

.500 

.500 

.01862 

y 

.352 

.310 

.01226 

.401 

.359 

01407 

.501 

459 

.01778 

1 

.355 

.270 

.01158 

.403 

.320 

.01339 

.503 

420 

.01709 

\y 2 

.350 

.234 

.01098 

.408 

.283 

012SO 

.506 

.381 

.01643 

2 

.364 

.197 

.01039 

.413 

.246 

01220 

.510 

.343 

.01580 

2 

.371 

.163 

.00989 

.419 

.210 

01165 

.616 

.308 

.01526 

3 

.379 

.129 

.00941 

.425 

.175 

.01111 

522 

.272 

01470 

3 y 

389 

.096 

.0089S 

.435 

.143 

.01070 

.528 

.236 

.01415 

4 

.400 

.066 

.00863 

.446 

.110 

01028 

.537 

.204 

.01372 

5 

.4-25 

.007 

.00800 

.468 

.051 

.00961 

.555 

.138 

01283 

Triangle 

.429 

.000 

00794 

.490 

000 

00907 

.612 

,ooo 

.01133 


Moseley and other* quote Gadroy, for a nav havi> slop!so at 21 \ It would be better to cease from 
circulating such evident mistakes Dry sand nil) stand at no less angle for a savant than for any¬ 
body else. For practical purposes, we may nav that dry »and. Rravel and earths, slope at 33'’ 41 or 
1 to I; as abundant experience on railroad enilikts proves. Ponoelct gives tables for walls to sup 
port dry earth sloping at I to 1. or 4.V’. but as we do not believe in the existence of such earth, we 
omit auob tables. Hand gravel and earths mav Ik* moistened to diff degrees, so ns to stand at any 
angle between hor and vert, and bv moistcuing and rammiug the earths mar In* converted into com 
naot masses, exerting little or no pres, and may even so continue alter they becomedrv ; being then. 
In fact, a kind of air-dried brick. It is sometimes difficult to know whether earth or sand Is perfectlv 
dry or not; and an exceedingly small degree of moisture will cause them to stand at I to 1, in «moh 
heap*, such as hare probably been observed by the authorities on the subject The writer found that 
fine sand from the seashore, and under cover, would stand at 1tj to 1 during warm dry weather and 
«lwl.h.;Ul. U rw..a..p. Yet no .Iff wl,.te.tr In It. de.ree or tnnl.tu,, pereeptlUe 1» 
feeling, lu ettioeptlblllt, to -J.rapue,, -a, of ceue«i n.ing to ..It A fe. h.iidfulr of drr e.rth 
mjj peeb.p. be CMiietied Into .tending nt I to I on . tnhle. but r„ „b*„.unn extend., 

when it is damped in large quantities from carts and wheelbarrow*, its slope j* about ] U to 1; and 
this we consider the proper one to be used in practical calculation*, where safety i« the considerate* 
of paramount importance. 

The Im* the nnt slope, the greater In the pren: rnvl since the 
4lope i» leant when the backing is perfectly dry. (omitting of course its condition 
when so absolutely wftna to become partial!v fluid.) we have, on the score of safety, 
b .7 tf> dry ,mckin *- A" in Art 1. we cannot recommend dimen- 
idons less than those there given, when we consider the rough treatment to which 
maaoory is exposed on public works 

rs!S r ? r * Py *! , f * r 0 * 4 <*»ngeroiw precipireA, we should 

ftt r tim ** to mHkp thicker walls. We imagine, for Instance, that 
n/T f, i. re6 ,? tt 4 h * av - v tr »«n. whirling nmund a sharp curve, convex on th« 
dangerous side, should not be overlooked in designing walls for Rneh localities. This 
force is hor: and is applied near the top of the wall: and, consequently, its lererags 
may be considered as equal to the height; whereas the theoretical pres of the earth 
Uob Iqne; and is applied at J^of the height from the bottom ; so that its leverage 
ADout the toe of the wall Is v<-rv short Moreover, the simple wriqht of the train, pro¬ 
duces pres against the wall; as well as that of the backing. All such considerations 
Are omitted by theorists. The dangerous pres caused by tremors. Ac, oannot be 
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Mutinied to be applied at % of the height from the bottom; nor indeed, can it be 
calculated at all. 

Rem. 2. Wharf walls are an instance where tlie thickness should lie increased, 
notwithstanding that the pres of the water in front helps to sustain them. The earth 
behind such walls, k not only liable to bo very heavily loaded when vessels are dis¬ 
charging; but is apt to become saturated with water, especially below low-water 
level; and thus to exert a very great pres against the walls. Moreover, the water 
gets under the wall; and by its upward pressure virtually reduces its weight, and 
consequently its stability. The same cause of course diminishes tlie friction of the 
wall upon its base. Such walls are, therefore, very liable to slide, if the foundation 
is smooth, and horizontal; and have done so even when the foundation had a con¬ 
siderable inclination backwaid. as in Pig 1. See Art 9. 

Rkm. 3. A retaining-wall is usually In greater danger for a f.-w months after its completion, than 
alter time has been allowed for the mortar to harden perfectly: and for the backing to Bettle. When 
there aie suspicions of the safety of a new wall, it would be well to place strong temporary shores 
against it. at about H to Vi of its height above ground In some cases, permanent buttresses of 
masonry may lie built for the purpose. They should be well bonded into the wall 

R*m. 4. The pres of the earth backtng will be much reduced, if tlie first few feet of ita height be 
made up in thin hor layers, to lie consolidated by being used by the niasoua instead of scaffolding: aa 
shown at A, Fig 1. Frequently this can be done without inconvenience ; and at very trifling cost. 

Art. 8. To change a vert retaining-wall, into one with a 
battered face, which shall present an equal reaifitance 
against overturning! although requiring: less masonry. 

Thu is ho in*-times termed a transformation of profile. (Original.) 

Let a b n t, Fig 10, be the vert wall. Mult its base 
o t, by 1.225; (1.22475 i« nearer ;) the prod w ill be the 
base or., of a triangular wall but, possessing the 
same stability; and yet not lequtnng much more 
than half the masonry of the vert one. See Rem 1. 

Tins being done, suppose a wall to be desired with a 
face batter, ot say 3 ms to a ft; or 1 m 4. From the 
point n, where the face of the triangular wall inter¬ 
sects that of the tert one, step off vert any 4 short 
equal spaces; and Irom the upper one m, step oft one 
spat e lair, to »• Through v and n draw the dotted 
Inn > f, which evidenth will hatter 1 in 4 Then is 
b \ r rt appmviiiiatcl) the reqd wall, hut a little 
tim kei than net u-.sar\. To ieduce it. from t diaw 
the dotted line 1l>. Mark the punt r, where this 
line intersects the face a 1 . of the vert wall; and 
through c diaw d I, paiallel to jt f. Then is b d l n 
the r»-qd wall. Oui tig is drawn in an exaggerated 
manner, to avoid contusion m the lines. The 
base o t of the triangular wall, would not in reality 
be near so great as it is represented. 

It will be observed that as the base ingreases, the quantity of masonry diminishes 



Rem. 1. The battered wall will in fact be nafer than the vert 
one. The tiatfered wall has the same moment ot stability as the vert one: and the 
pres of tlie earth against It also remains unchanged, but the moment or tendrncjrof the pies toupset 
the wall has tx-emne less. For let a b wt n. Fig 11. represents vertical wall; aod/othe umounfsnd 
li rectum <>f pre- behind it (For ease of illustration, we have placed o afcoce the true cen or pres or the 
r.irth fllltug. which would be at one-third of a a above ».) Now, the leverage with which this prea 


tends to overturn the wall around Its toe n». Is the dlst m s, 
measured trom the toe or fulcrum m. and at right angles to 
the direction Jot r of the pres, and tilts leverage mult by 
the force Jo, gives the overturning tendeucy or moment of 
said force Bee '* Moments and leverage." Again, 

let any. represent a triangular wall of the same stability 
a* the other, aa found by our rule. Here we still have the 
same amount Jo. and direction/o * c. of pres foroe against 
the wall; but it now acts to overturn the watl any 
around the toe y: and therefore, with the reduced leverage 
yc ronseqnrnily.it* overturning tendency is less than 
before Therefore, in ordinary language, we may say that 
the wall is stronger than before, although its moment of 
stability, or standing tendency, has in itseir undergone no 
change. Ir the pres ( o against the ver* back were hor, aa 
in the case of water, then its leverage would evidently be 
the same in both walls j and the proportion between the 
overturning moment of the pres, aud the moments of 
stability of the two walls, would be oonstant. 

Rkm 2. In attempting to reduce the masonry by adopt¬ 
ing a wall, o ft e. Fig 10. of a triangular seotlon ; or of one 
nearly approaohlng a triangle, special attention should be 
liven to the quality of the masonry near the thin toe e; 
whlnh will n tw«[» ha ant to orack. or fail under the prea. 
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Bkm 8, Houotir, whin common mortar m caiiv without an aumizturi or cimint, which it nett 
should be, in retaiulug- wall*, where durability is su object, a great batter is ottje* 
tlonable; inasmuch as the rain, oombtued with frost, Ac, soou destroys the moi 
tar. In such cases, therefore, the baiter sbould notexceed 1 origins t-o a ft; au 
even then, at least the pointing of the joints, aud a few feet iu height of bot 
the upper aud the lower courses of masonry, should be done with cement, c 
cement-mortar. We have observed a most marked diffin t he corrosion of the moi 
tar, where, in the same walls, with the same exposure, one portion has been bull 
with a vert face; aud another with a batter of but inch to a foot. Commo: 
mortar will never set properly, aud continue firm, when it is exposed to moil 
ture from the earth. This is very observable near the tops and bottoms o 
abuts, retaining-walls. Ac; the lime-mortar at those parts will generally b 
found to be rendered entirely worthless. A profile" somewhat like Fig 12, ma; 
at times prove serviceable, lu»tead of the triangular. This is the form of th 
Gothic buttress; which probably bad its origin in the cause just spoken of. 
Art. 0. A retAlninj(>wall' may slide, without 
IQ losing; Its vertlcality; and, indeed, without any dange: 
IlQ I & of being overturned. This is very apt to occur if it i* built upoi 
^ a hor wooden platform; or upon a level surf of rock, or clay 

Without other means than mere frictiou to prevent sliding. This may be obviatet 
by inclining the base, as in Fig 1; by founding the wall at such a depth as to pro 
ride a proper resistance from the soil in front; or m case of a platform, by securing 
one or more lines of strong beams to its upper surf, across the directum in whici 
sliding would take place. On wet clay, friction mav be as low as irom .2 b 
the weight of tne wall; on dry earth, it is about to %; and on sand or gravel 
about % to The friction of masonry on a woodei 
platform, is about ^ of the wt, if diy; and % if wel 
Counterforts, shown in plan at c rc. Fig 13, consist ii 
ad increase of the thicknessof the wall, at itt back, »t regular intei 
mis of It* length. We eouceiie them to lie but little belter than i 
waste of masonry. When a wall of this kind falls, it almost in 
variably separates from its counterforts; to which It Is connect* 
merely by the adhesion of the mortar; and to a slight extent, by th 
bonding of the masonry. The table in Art 7 shows that a very small addition to the base of a wall, i 
attended by a great Increase or its strength; we therefore think that the masonry of counterfort 
would be much better, aud more cheaply employed in giving the wall an additional thickness, alon 
Its entire length; and for the lower third of fu height. Counterforts are very generally used it 
retaining-walls by European engineers; but rarely, if ever, by Americans. 

Buttregfteft are like counterfort*, except that they are placed in front of a wall instead of be 
hind it; and that their profile Is generally triangular, or nearly so. Tber greatly increase its strength 
but, being unsightly, are seldom used, except as a remedy when a wall is seen to be falling. 

Land-ties, or long rods of iron, have been employed as a makeshift for upholding weak re 
tainIng-walls. Extending through the wall from its face, the land ends are connected with anchor 
of masonry, oast-iron or wooden posts; the whole being at some dlst below the surface. 

. Retaining; walls with curved profiles are mentioned here merely to oau 
tion the young engineer against building them. Although sanctioned by the practice of some big! 
authorities, they really possess no merit sufficient to compensate for the additional ex;iense aud trou 
hie of their construction. 

Art. 10. Among military men, a retalning-wall Is called a revetment. When th 
•arth ie level with the top, a scarp revetment; when above it. a counterscari 
revetment, or ademi-revetment. When the faoe of the wall is battered, a eloping; aud when the baa 
a battered, a count tnloping revetment. The batter la called the talas. 


! _jci r^i rcL^ 

iys 


Art. 11. The prea against a wall Fig 6, from Rand etc level with its top, is nerf 
diminished by reducing the quantity of Rand, until its top width c * bee omen lean than 
that (ct) pertaining to the angle emtof maximum pres. The pres then begins to di¬ 
minish, but in practice tie dnniHHtwn if not amireriubh until the irulth if reduced to alxtul 
one sixth of that (c t) pertaining to the angle cm * of natural slojie, or ntiout half of 
• L The pres then begins to decrease rapidly aa the width w further reduced. 

Table 4, of contents in cab yards for each foot in lengtti 
Of retalnlng-walls, with a thickness at base equal to .4 of the vert height 
if the back is vert. If the back is stepped according to the rule in Art 8, tin 
proportionate thickness at base will of course be increased. Face bAtter, 1% Incbei 
to a foot; or *^th of the height. Back either vert, or stepped according to the rul« 
in Art 8, Fig 3. The strength ie very nearly equal to that of a vert wall with « 
base of .4 its height. Experience lias proved that sucli walla 

when composed of well-scabbled mortar rabble, are safe under all ordinary circunh 
stances for earth level with the top. Step* or offsets, o e, at foot, Fig 1, are not her* 
Included. 
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TABLE 4. (Original.) 


HU 

Cub. 

Ht. 

Cub. 

Ht. 

Cub. 

Ht. 

Cub. 

Ht. 

Cub. 

Ht. 

Cub. 

Ft. 

Yds. 

Ft. 

Yds. 

Ft. 

Yds. 

Ft. 

Yds. 

Ft. 

Yds. 

Ft. 

Yds. 

1 

•ML 1 

10* 

I 38 

20 

5.00 

23 X 

10.9 

48 

28 8 

74 

38.5 

VS 

.028 

11 

1.51 

X 

5 25 

30 

11.3 

49 

3u 0 

76 

72.3 

s 

.050 

X 

1.65 

21 

5 51 

31 

12.0 

50 

31 3 

78 

T6.1 

X 

.07* 

12 

1.80 

X 

0 78 

32 

12* 

51 

32 5 

80 

80.0 • 

B 

.113 

X 

1.9.) 

22 

6u;> 

33 

13.6 

52 

33 8 

82 

84.1 

X 

.153 

13 

2.11 

X 

6 Jit 

34 


53 

35.1 

84 

88.4 

4 

.200 

X 

2.28 

23 

6 61 

35 

15.3 

54 

36.5 

86 

92 5 

X 

.25.1 

u 

2 45 

X 

690 

36 

16 2 


37.8 

8H 

96.8 

5 

.31.1 

X 

2.63 

24 

7.20 

37 

17.1 

56 

39.2 

90 

101.3 


.37* 

15 

2 HI 

Vi 

7.50 

38 

18 1 

57 

406 

92 

105 8 

6 

.450 

X 

3 DO 

25 

7,*1 

39 

19 0 

58 

42 1 

94 

110.5 

X 

.52* 

16 

3 '20 

X 

8.13 

40 

200 

59 

435 

96 

115.2 

7 

.613 


3.40 

26 

8.45 

41 

21 0 

60 

45.0 

98 

120.1 

Vi 

.70.1 

17 

3.61 

X 

8 78 

42 

22 1 

62 

48 1 

100 

125.0 

8 

.800 

X 

3.83 

27 

9 12 

43 

S3 l 

64 

51.2 

102 

130.1 

X 

.90.1 

18 

4 05 

X 

9 45 

44 

24.2 

66 

54 5 

104 

135 2 

9 

1.01 

X 

4 2* 

2* 

9 *0 

45 

25 3 

68 

57 8 

106 

140.5 

X 

1.13 

19 

4 51 

Vi 

10 2 

46 

26.5 

70 

61 3 



10 

1.25 

X 

4.75 

29 

10 5 

47 

27.6 

72 

64 8 
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Art. 1. In an arch st s, Fig 1, the diet to is called its span ; ia its rise; t its 
crown ; its lower boundary hue, eao, its soffit, or intrados ; the upper one, 
ttr, its back, or extrados. The terms soffit and liack are also applied to the 
anti re lower and upper curved surf acts of the whole arch. The ends of an arch, or 
the showing areas comprised between its intrados and extrados, are its faces; thus 
th«* area sts a is a face. The inclined surfaces or joints, re, ro, upon which the feet 
of tho arch rest, or from which the arch springs, are the sliewbacks* Lines 
level with e and o, at right angles to the faces of the arch, and forming the lower 
edges of its feet, (see nn, Fig 2%) are the springing lines, or springs. The 
Hocks of which the arch itself is composed, are the arcn-stones, or voussolrs. 
The center one, ta , is the keystone; and the lowest ones, s s, the springers. 
The term archlilock might be substituted for voussoir, and like it would apply to 
brick or other material, as well as to stone. The parts t r, tr, are the hnnnehes; 
and the spaces trl.trb, above these, are the spnmlrels. The material deposited 
in these spares is the spandrel filling; it is sometimes earth, sometimes ma< 
•onry; or partly of each, as in Fig 1. 


In large arches, It often oonslgUofieverKlparall8laeANnaaL-wALUi.il, Fig 2^. running length win 
of the roadway, or astraddle of the arch. They are covered at top either by aniall arches from wall to 
wall, or by flat stones, for supporting the material or the roadway. They are also at times connected 
together by vert crosa-walla at Intervals, for steadying them laterally, as at It, Fig 2X- The parts 
gpen, gpon, Fig 1, are the abutments of the arch; en, on. the facet; gp, gp, the backs; and 
pn.pn, the bases of the abuts. The bases are usually widened by feet, sfeps. or ojfteti. d d, for dis¬ 
tributing the wt of the bridge over a greater area of foundation; thus diminishing the danger of set¬ 
tlement. The dlstanoe t a In any arch-stone, Is called its depth. 


The only arches In common 
use for linages, are the circular, 
(often called segmental); ana 
tho elliptic. 

Art. 2. To And tho 
depth of keystone for 
first-class cut-stone 
arches, whether cir¬ 
cular or elliptic.* 

Find the rad co, Fig 1, which 
will touch the arch at o, a, and 
e. Add together this rad, and 
half the span o t. Take the sq 
rt of the sura. Div this sq rt 
by 4. To the quot add of a 
ft. Or by formula, 



* Inasmuch as the rules which we give for arohea and abuts are entirely original and novel, It may 
•M be a mi ss to state that they are not altogether empirical, bat are baaed upon nocurate drawings 
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Dfpth of key _ V'Rod -f half span ± n 9 ftttd 
in feet ~ " 4 ~ J 

Fbr second-clam work, this depth mny be increased about J^th part; or 
for brick or fair rabble, about %rd. See table of Keystones. 

In large arches it is advisable to increase the depth of the archstones toward the 
springs ; but when the span is as small as about 60 to 80 or 100 feet, this is not at all 
necessary if the stone is good; although the arch will be stronger if it is done. In 
practice this increase, even in the largest spans, does not exceed from to % the 
depth of the key; although theory would require much more in arches of great rise. 

Rem. To find the rad c o, whether the arch be Circular or elliptic. Square 
half the span e 0 . Square the whole riBe i a. Add these squares together; div the 
sum by twice the rise i a. Or it may be found near enough for this purpose by th« 
dividers, from a small arch drawn to a scale. 


Amount of premure NUNtained by archstoneN. In bridges of 
the same width of roadway ; if all the other parts Imre to each other the same pro¬ 
portion as the spans, the total pres would increase as the squares of the spans, 
while the pressure per square foot would increase as the spans. But in nraeliee 
the depth of the archstones increases much less rapidly than the span; while the 
thiokuess of the roadway material, and the extraneous load per sq ft, remain the 
same for all spans, lienee the total pressures, at key and at soring, increase less 
rapidly than the squares oi the spans; but more ranidly than the simple j/minx; as 
do also the pressures per squat e foot. Thus in two bridges of the same width, but 
with spans of 100 ana 200 ft, with depths of aichstones taken from our table and 
uniform from key to spring; supposed to be filled up solid with masonry of 1G0 
lbs per cub ft, to a level of aliout 15 inches above the crown, (including the stone 
paving of the roadway); with an extraneous load of 100 His per sq ft; the pres¬ 
sures will be approximately as follows: 



Span 100 

ft. 

1 

II 

Span 200 ft. 



AT KEY. 


1 AT SPRING. 1 

AT KEY. 1 

1 AT SPRING. 




For 1 ft in | 


;For 1 ft in 


For 1 ft in 



width of 

Per sq ft. 

width of 

Per sq ft. 

1 width of 

Per sq ft. 

width of 

1 Per sq ft. 


depth. 


depth. | 


1 depth. 


depth, i 


Rise. 


Tons. 

Tons. 


| Tons. 


Tons 


X 

«>4 


58 ; 

m j 

126 

MX 

179 

42 


m 

125t 

67 : 

19 

112 

flx 

181 

44 

X 1 

31« 1 

11 

67 X 1 

20 

r 

24H 

188 

47 X 

X 

26 


«X | 

22 x 1 

«>X 

21 

207 

64 X 

X 1 

18 1 

«x 

«7X 1 

25 ! 

1 S7K 

15« 

230 

61X 


It will be seen that with the same Bpan,the pres at the key l-ecomes less, while that 
at the spring becomes greater, as the rise increases Also that when the arrhstones 
are of uniform depth, the pres at either spring of a semicircular arch is about 4 times 
as great as at the key; whereas when the rise is but one-sixth of the span, the pres hi 
spring averages but aliout one-third greater than at the key. These proportions vary 
somewhat in different spans. 

The greater pres per sq ft at the springs may tie reduced by increasing the depth of 
the arcnstones towards the springs This however is not n ecetmry in moderate sjans, 
inasmufih as good stone will be safe even under this greater pres. 

By UHinw parallel spandrel wall*, see Fig 2 % or by partly fill¬ 
ing with earth instead of masonry, the pres on the arclistones may be diminished, 
say, as a rough average, about j> part. 


sad calculation* made by the writer, of line* ©* pro*, ftc, of arehee from 1 to 800 ft *pan, and of every 
flw, from a semicircle to of the »pan. From these drawing* he endeavored to And proportion* 
which, although they might not endure the teat o' utriot eritMata, weald still apply to oil the n*M* 
Wfcfc aa accuracy sufficient for ordinary practical purpeaea. 
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Table 1. Of Home exbttinK arcbe®, with both their actual and their 

calculated depths (by our rule) of keystone. Where two depths are given in the column of keys Us 
smallest is for firat-alass cut-stone, and the largest Tor good rubble, or brick. Those also which are 
not specified arc of first-class cut-stone. C stands for circular, E for elliptic. For 2d class work, add 
al>out J*th part, and for brick, or fair rubble, about 54th 




• See Fvnerinientiil Arch a* Souppes, France. 

♦ S^ini bridge. Some authorities give 2 ft 4 ins a. the depth at key. 
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Experimental Arch at Souppet, France. See Table. 

Spun = about 18 X nt»e 



Span. 

f 

Radius of 
; iutrados. 

! 

Depth of arch-stones j 

i 

Width. 

j at spnng.! 

at key 

on faces bet w faces. 

Meters. 37.886 

Feet. 124 30 

2125 j 8 ft.ft 

6 97 1 280.52 1 

i.io ! 

3.61 1 

1.10 1 080 

, 3 61 I 2 624 

3.5 

11.5 


Arch of granite. The centers rested (for four months) on sand in 16 cjlinders, 1 ft 
diameter, 1 ft high, of 3 Vinch sheet iron. The unloaded arch settled 1ft millimeters 
(0.59 inch) on strikiug the centers. The additional settlements under extraneous 
loads were as follows: 


Extraneous load. 

| Increase of settlement. 

J Kilograms. 

Pounds. 

Millimeters, j 

Inches. 

Distributed. 

. 367000 

809OOO 

21 i 

08 

Center. 


11000 

0.3 i 

0.012 

Distributed. 


292000 

1.2 i 

0.047 


With the distributed load of 367000 kilog, a load of 497ft kilog, falling 0.3 in (11.8 
ins) on kev, caused vibrations of 2.8 mm (0.11 inch). Annalet dts Fonts et Chaussfa, 
1866 Pari 2, 1868 Part 2. 


The areh on the RocuomiAn Railway, Ia prohnhlv the bcldem :* and thy Caxih John abch, by 
tapt, now Oen'l M. 0. Melg*. U 8 Army, the grandest atone one in existenoe. Poht-y Pkym>, in 
iTalea, ia a common road bridge, of very rude construction. with a dangerously iteep roadway. It 
waa built entirely of rubble, in mortar, by a common touutrv mason, m 1750. and ia atill in perfect 
(ondktlon. Only the outer, or showing arch atone*, are l .5 ft deep, and that depth la made up of tw» 
■tone*. The inner arcb-atone* are hut 1 5 ft deep: aud but from 6 to » Inches thick. The atone quar¬ 
ried with tolerably fair natural bed*, and received little or no (Ireaaing in addition The bridge ia a 
ine example of that Ignorance which often paaaea for boldness. Pont Saholyon came* a railroad 
Scrota the Seine at Paris. The arcbei are or the uuirorm depth of 4 ft, from crown to aprlng. They 
ire composed chiefly of small rough puirrg chips, or spawls . well washed, to free them from dlrl 
Sod dust: and then thoroughly bedded in good cement, and grouted with tbe same It ia in fact aa 
arch of oement-concrete. Tbe Pont dy Alma, near it, and built in the same wag, baa elliptic archef 
*f from l'JS to 141 ft span; with rises of tbe span. Key 4.1* ft. These two bridges, considering tbs 
want of prooedent in this kind of construction, on so large a scale, must be regarded aa \erv bold; 
and aa reflecting the highest credit for practical science, upon their engineers, bared and ( ourbe 
Borne trouble arose from the unequal contraction of the different thicknesses or cement. They shon 
What may be readily accomplished in arches of moderate spans, by means of small sloue, and good 
igdrauUc cement when large stone (it for arches is not procurable. In Pont Napoleon the depth of 
•roh ia leas than our rule gives for aeoond class out-stone. 

Art. S. The keyfttone« for large elliptic arches by the best en¬ 
gineers, are generally made mmol ‘ /a pm t uecpei than uur rule requires, oi than i» 
considered necessary for circular ones of the name span and rise; in order to keep the 
line of pres well within the joints; although the elliptic arch,with it« spandrel filling, 
IV has slightly less vrf, and that wt has 
a trifle less leverage than in a circular 
Finis on " I and consequently it exerts lees 
nq iz pres both at the key, and at the skew- 
back. See London, tllmicester, and 
Waterloo bridges, m tbe preceding 
table. 

Rem. Tonng engineers are apt to affect shallow arcb-etonee; but it would lie far 
better to adopt the opposite course; for not only do deep ones make a more stable 
structure, but a thin arch Is as unsightly au object as too slender a column. Accord¬ 
ing to our own taste, arch-stones lully U deeper than our rule gives for ftrst-cluss 
cut stone, are greatly to be preferred when appearance is consulted. Especial I v 
when an arch is of rough lubble, which costs about the same whether it is but.t up 
as arch, or as spandrel tilling, it is mare folly to make the arches shallow Ptablhtj 
and durability should la* the objects aimed at; and wh>n they can be attained even 
to excess, without increased cost, it is best to do so. 



* built like that at Souppes. 
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Table 2. Depths of keystones for arches of first-class cut stone, 
by Art 2. For second class add full one-eighth part; and for superior brick one> 
fourth to one-third part, if the span exceeds about 15 or 20 ft. Original. 


Rise. in parts of the span. 


Span. 

Feet. 

i ; 

1 

1 

i 

t ! 

* 1 



Key. Ft. ! 

Key. Ft. 

Key. Ft. 

Key. Ft. 

Key. Ft. 

Key. Ft. j 

Key. Ft. 

2 

.55 [ 

.56 

.58 

.60 

.61 | 

.64 

.68 

4 

.70 

.72 

.74 

.76 

.79 | 

.83 

.88 

ft 

.HI 

.83 

.86 

.89 

.92 

i .97 1 

1.03 

S 

.91 

.23 

.96 

1 00 

1 03 

1 09 

1.16 

10 

9S 

1.01 

1.04 

1.07 

1.11 

1.18 

1 26 

15 

1 17 

1.19 

1.22 

1 26 

1.30 

1.40 

1.50 

30 

1 .12 

1.35 

1.38 

1 43 

I 48 

1.59 

1.70 

25 

1 43 

1.48 

1.53 

1.58 

1 64 


1.88 

30 

1 57 

1.60 

1.65 

1 71 

1 78 

1.81 

2.04 

35 

1.68 

1 70 

1.76 

1 83 

1 90 

2 04 

2 19 

40 

1 78 

1.81 

1.88 

1 95 

2.05 

2.18 

2 33 

50 

1.27 

2.00 

2.08 

2.16 

2 25 

2.41 

258 

60 

2 U 

2.18 

2 26 

2 35 



2.80 

80 

2 44 

2.49 

2 58 

2 68 

2 78 

298 

3.18 

100 

2 70 

2 75 

2 86 

2 97 

3.09 

8 32 

355 

120 

2 94 

2 99 

3 10 

3 22 

3.35 

3 61 

3.88 

HO 

3.16 

3 21 

3 33 

3 46 

! 3 60 

3.87 

4.15 

160 

3 W 

3 44 

3 58 

3 72 

1 3 87 

4.17 


180 

3 *6 

3 63 

3 75 

3.90 

' 4.06 

4.38 


200 

3 74 

3 81 

3 95 

4 12 

♦ 29 



220 

I 3 91 

4 00 

4 13 

4 30 

4.48 



2*0 

4 07 

4 15 

4.30 

4.48 




260 

* 23 

4 31 

4 47 

4.66 




280 

4 .18 

4 46 

4.63 





300 

4 55 

4.62 

1 

4.80 


1 




Art. 4. To proportion the abuts for an arch of stone or 
brick, whether circular or elliptic. (Original.! 

The writer ventures to ofler the following rule, in the belief that it will be found 
{<• toaibine the requirements of theory with those of economy and ease of Applica¬ 
tion, to perhaps as great an extent as is attainable in an endeavor to reduce so com- 
plicated a subject, to a simple and reliable working: rule for nrac- 
tieal bridge-builders. This is all that he claims for it. Notwithstanding its 
simplicity, it is the result of much labor on his part. It applies equally to the smallest 
culvert, and to the largest bridge; whatever may l>e the proportions of span and rise; 
and to any height of abut whatever. It applies also to all the usual methods of filling 
above the arch; whether with solid masonry to the level rf, Fig 2, of the top of the 
arch; or entirely with earth; or partly with each, as represented in the fig: or with 
parallel spandrel-walls extending to the back of the abut, as in Fig Although 
the stability of an abut cannot remain precisely the same under all these conditions, 
yet the diff of thickness which would follow horn a strict investigation of each par¬ 
ticular case, is not sufficient to warrant us m embarrassing a rule intended for popu¬ 
lar use. by a multitude of exceptions and modifications which would defeat the very 
object for which it was designed. 


It give* a thickness of abut, which, without any backing 
of earth behind It. is safe in Itself, and In all cases, against 
the pres, when the bridge is unloaded. Moreover, in very large arches, 
in which the greatest load likely to come upon them in practice is small in comparison 
with the wt of the arch itself, and the filling above it. our abuts would also be safe 
from the loaded bridge, without any dependence upon the earth behind them ; but 
us the arches become less, and consequently the wt of the load becomes greater in 
proportion to that of the arch, and of the filling above it. we must depend more and 
more upon the resistance of the earth behind the abuts, in order to avoid the neces¬ 
sity of giving the latter an extravagant thickness. It will therefore be understood 
throughout that, except when parallel spandrel walU are *sed, our rules oppose that 
after the bridge it finished , eorth will be deposited behind the abuts, and to tit • height 
a* the roadway, at usual. 
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large culverts of Ural ch,» railrowi,, subject to the jarring 
of heavy trains at high speeds, thccompantljvecliea|iness with which an excess of 
strength cau thus be g„en to ini,»na..t stCures, lias led, many iseiTthe 
use of abutments fromone-fourtli tooue-half thicker than hv the following rule 
If of roofth rnlihlc add 6 ms to insure full thickness in every part 


Thicks on of abut at spring 
in ft, when the height o s 
dots not exceed 1 % times the 
base 8 p 


■ + "-' n/ ' + S A 


Mark the points n and y thus ascertained. Next, from the center i, of the span 
or chord to, lay off ih, equal to ^ part of the span. Join a A; and through n, and 
parallel to a A, draw the indefinite line gnp of the abut. Do the Name with tlie 
other abut. Make y m and ng each equal to half the entire height i t of the arch; 
and from g draw a straight line y x, touching the hack of the aicli as high up a* poa- 
•ible; or still letter, as shown at tm, with a rad dt or dm, (to be found by trial,) 
•escribe an arc t wt. Then gx or t m will be the top of the masonry filling above the 
arch;* and this should be completed before striking the centers; before which, 
also, the embkt should be finished, at least up to y n. 



BUT ABOUT of TKK BPAW, OB 
l mb , tn which oase carry the 
nianoury up nolid to the level 
tit/, of the top of the erch. Or 
if the arch Ih a large one. ex 
(Seeding nay about SO ft «pan, 
and especially if He rl»e I* 
greater than about -jt of lU 
•pan, It 1* better to eoonomlze 
niaiionry by the u*e of parallel 
Interior spandrel-walls, i l. Fig 
carried up to r if. Fig t 
Indeed, such Interior walls may 
ofeeu tie advantageously intro- 
. dueed in munh smaller arches. 

EU Ol When high, they are steadied 

J-lx/Vff bv occsilonal crow-wall*, astf. 

* * Fig 214- Their feet should he 

spread by offset*, as shown at o o 0. to as te bear upon the whole surf of the hank of thn arch; thui 
equalizing the pm upon It. On top of the walls flngstonr* may he laid, or small arches may b« 
turned from wall lo wall, for supparting the ballast, Ac. of the roadway. Tbe spaoes below are ten 
holJow. In Fig V4 the dark part v>w is suppowid to be a section aoroes an abutment; but omitun# 
(to *ee*od erne*-wall, similar toil lefts bridges, put a spandrel- waU, 11 , under each rat*. 
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thirds of the corresponding vert height ox, and draw up. Then will the thickness 
on or ey be that at the springing line of the given circular or elliptic arch of any 
rise and span; and the line gp will be the back of the abut; provided its height ot 
does not exceed V/& times sp ; or in other words, piovided sp is not less than % of 
os. In practice, o s will rarely exceed this limit; and only in arches of considerable 
rise. But if it should, as for instance at oq , then make the base qu equal to sp, added 
to one-fourth of the additional height sq; and draw the back uw, parallel to g p ; 
and extending to the same height, &c, as in Fig 2. If, however, this addition of % 
ot sq should in uuy case give a Imse q u. less than one-half the total height oq, (which 
will very rarely hapi»en in practice,) then make qu equal to half said total height; 
draw mg the back parallel to gp, and extending it to the same height as before. The 
additional thicknesses thus found below sp, have reference rather to the pres of the 
0.11 th behind the abut, than to the thrust of the arch In a very high abut, the inner 
line gp would give a thickness too slight to sustain this earth safely. 

When the height oh. Fig 2, of the abut is less than the thickness on at Hpring, a 
ttin.ill saving of masonry (not worth attending to, except in large flat arches) may lie 
eflected by leducmg the thickness ot the abut throughout, thus- Make ok equal to 
sw, and draw kl. Make oz equal to % of on, and draw l z. Then, for any height 
«/> ot abut less than on, draw bv, terminating m l z. This bv will be sufficient base, 
tf the foundations are firm. The back of the abut will be drawn upward from v, 
parallel to g p, and terminating at the sdme height as g or to. 

Rem. 1. All the abuts thus found will (with the provisions in Art 6 ) be safe, 
without any dependence upon the wing-walls; no matter how high the embkt may 
extend above the top of the arch. If the bridge is narrow, and the inner faces of 
the wing-walls are consequently brought so near together as to ufford material as¬ 
sistance to the abuts, the latter may"be made thinner; but to what extent, must 
depend upon the judgment ol the engineer. 

We. however, caution the young practitioner tube careful how he adopts dimensions less than those 
given by our rule There are rertaiu practical considerations such as carelessness of workmanship: 
u< wness of Lhe mortar, danger of undue strains when removing the centers, liability of derange¬ 
ment during the process of depositing the earth behind the abuts, and oier the arch • &c, which must 
not be overlooked; although it la Impossible to reduoe them to calculation. 

Whenever it can be done, the centers should remain in place until the embkt Is finished; and ft* 
«*me time afterward, to allow the mortar to set well. But for more on this see Hem 4. p. 


ftsw. 2. A good deal of liberty Is sometime* taken In reducing the quantity of masonry above ths 

•t -nigiiiR line of arches of considerable rise, and or moderate spans. When care is taken to leave 
tl..- ot liters standing until the earth tilling is completed aboie the arch, and behind its abuts, so tba* 
u uni not lie deranged 1» accident during that operation . and when good cement is used instead ol 
i'ii, union mortar, such experiments may be tried with comparable Bafety; especially with culvert 
an lies, tn which the depth of arch stones is great in proportion to the span. They must, however, be 
left to the judgment of the engineer iu charge, as no specific rules can be laid down for them. They 
can hardly be regarded as legitimate practice, and we cannot recommend them We have known 
m-arlv semicircular arches, of 30 to 40 ft span, to lie thus hmlt suooessfully, with soweely a particle 
of masonry above the springs to hack Lhem Such arches, however, are apt to fall, if at any future 
pernm the earth filling is removed, without taking the precaution to first huild a center or some other 
support for them. Even when the embkt can be finished before the centers are removed, we cannot 
recommend (and that onlv In small spans) to do lex i than to make n g. Klg 2, equal to H of the 
height It of the arch ; and from g so found, to draw a straight line touoblng the back of the arch as 
high up as possible. t 

Him. .1. Wo l,m Mill nothin* about battering I to- rare* of lhe abntn, 

lieoauHo in tho crossing of streams. the batter cither diminishes the water-way; or 
required a greater hi, an of arch. Such a batter, however, to the extent of from i /2 
0 , IV, in, to , ft. i» Uii'fnl, like tlin offoi'ts. tor distributing the »t of thf struoturr, 
ami its embkt, over a greater area of foundation; especially when the last is not 
naturally ver> firm ; or when the embkt extends to a considerable height above the 
aiHi In our tables. Nos 3 and 5. of approximate quantities of masonry in semi¬ 
circular bridges of from 2 to 50 ft span, the faces are supposed to be vert. 

Art. 5. Abntmrnt-pler*. When a bridge consists of 
tamed bv piers of only the usual thickness, if one arch should by accident of flood, 
or otherwise, lie destroyed, the adjacent ones would overturn Uie Piers; and arch 
after arch would then fall. To prevent this, it is usu.il in important bridges to maka 
some of the piers sufficiently thick to resist the pres of the a . d Jf CP . nt 
of such an accident; and thus preserve at least a portion of the bridge from rum. 
Such are called abutment-piers. 


Our formula ot + 2 ft. for the thickness at spring; with the back battering u before, 

,1 th, rat, ot JL ot\h. ,p,n to th, ri.. i fit* ,.rt T -ill «< IWV on, mod./clion M |M 

heiahui rive aMrfectlv safe abut pier, for any unloaded bridge; and to any bright whatever ; due 
regard brine SJT^Twever to the oou.lderatinn alluded to in the next Art. Thu*, for an abnt-pler 
« wf-k n * ui' mhftter height; it i» only necessary first to find the thickneM o n at 

f o.’.fTh XtS i^Unp; .Ilmdlii u 4owo to the buettl; trtth- 

« X’n^ H “. SSwr.U%h b T. , TI„. juTlto. U 1. th. owe .f .bnu, the Ot, 
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uj be secure from the pres of the earth behiud them; U well U from the pres of the arch; a eoa 
ilderatiou which doea sot apply to abut-pier*; Is which only the prea of the arch is to be restated. 

But although the abol-pier thus fouud by our formula, would be abundantly 
•i aafe, yet its shape abco, Fig 8, ia Inadmissible. In praotice It would be 

A _o_, changed to one somewhat like that shown by the doited lines; having an equal 

;\ | degree of batter on both faoea. This of course requires more masonry, with 

I \ j but little increase of stability, but that cannot be avoided. 

\ • Whkw ah abut-pikk is built in wear watkh, or in a shallow stream sub- 

; \ I ject to high freshets, care must be taken that water caunot find its way tinder 

! \ j the pier, and thus produce an upward pres, which will either diminish, or 

i \ ; entirely counteract its efficiency as an abut. See Remark 2, Art 4, of Hy* 

\ ! drostatioa. 

\ 1 Art. 6. Inclination of the courses of masonry 
\ I below the aprlng* of an arch. Although our forc- 

\ 1 going rule gives a thickness of iibut Vhicli canuot he overturned, 

\ | or upset, by the pres of the arch, yet if the arch he of large span, 

! y. and small* rise, its great hor thrust may produce a sliding out- 

V ward of the masonry near the level of the springs, if the stones 

.i i are laid in hor courses; especially if the mortar has not set well. 

f ® This danger, it is true, could be avoided by oonflning the courses together 

Tt. Q by iron bolt* and cramps: or by increasing considerably the thickness of the 

J HI KJ abuts; but the expense of doing either of these, leads to the obeaper expedient 

0 of inclining the masonry, as shown between o and n. Fig 4; the courses near o 

being steeper; and gradually becoming less steep near n. 

_— --- ; -1-r-| By this process the arch is virtually prolonged into the body 

\ ' 1 | —\ of the abut, so far that when the inclination of the lowev 

^- " rCJ / i O masonry ceases, as at n, the direction of the theoretical 

; line of thrust, or of pres of the arch, (rudelv represented 

'/\ by the dotted curved line o n) is nearly at right angles lo 

T^Yy y\\ the joints of the hor masonry below n; and conseouentlr, 

•' nXX \ said thrust is unable to produce sliding at that point. Be* 

tween o and n, the line of prea is everywhere so nearly at 
j / L4-'*C»''C'"\ right angles to the variously inclined Joints, a* to preclude 

j / —a the possibility of sliding iu that Interval also 

• / -i The abut being thus salt 

: . __. _JC— \ 1 i’ \ throughout from both overturning and sliding, can fall 

j t| . "* J «, j \ c only from defective foundations; or from the inferiority 

: / .. *1 J Jr \5 or the stone of which it ia built; and which. If soft, may 

i>' " 1 1 • . o - . -iisw be crushed. 

® plv Jl This inclination of the masonry is as neccs- 

Jl o' T sary in an elliptic arch, Fig > n * circular 

on*- 


/ jrf> 
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The elliptic form is plainly unfavorable for uniting the arch-stones with the inclined masonry near 
the springs, so as to receive the thrust properly ; or about at right angles to its resultant. In ordi¬ 
nary cases this difficulty may be overcome by making the Joints of only the outside or showing arch- 
stones to oonform to the elliptic curve; as between e and a ; while the joints of tbe inner or bidden 
ones, may have the directions shown between g and u, nearly at right angles to the line of thrust. It 
will rarely happen, however, that the young engineer will have to construct elliptio arches of suffi¬ 
cient magnitude to require either this, or any equivalent expedient. For spans less than 80 ft, with 
rises not less than about -jL of the span, nothing of the kind is actually necessary, if the mortar is 
good, and has time to harden.* 

In order to incline the masonry of any abut with sufficient accuracy, it would 
be necessary fust to trace the curved line of pres of the hi von arch. 

so as to arrange the lied joints almut at right angles 
to it at every point of its course; but we offer the following pi oces*. as sufficing for all 
ordinary practical purposes, while its simplicity places it w itlun the reach of the com¬ 
mon mason. In actual bridges the direction of the actual thrust changes as the load 
fs passing; therefore, in practice no given degree ofinclination of the abut masonry 
r.m conform to it precisely during the entue passage Consequently, any excess of 
lefiiu'inont in this narticular, becomes simply nduiilotis. espoc mil} in small spans. 

Rule for inclining the foe«l** of the masonry in the abuts. 
Add together the rad cm, Fig 4; and the hjian of the inch. Div the sum by 5. To 
Ihe quot add 3 ft. Make o t , on the rad, equal to the last sum. Then is t a central 
point, toward which to draw the directions of the beds, as in the fig. Draw t s hor, 
and from t as a '-enter, describe tbe arc oy; o being the center of the depth of the 
springers. From y lav off on the arc the dist yn, equal to one-sixth part of ty; draw 
fn a. It will never l»e necfsmi-y to incline the masonry below tins (n a. Neither 
the inclination extend entirely to the face m i of the abut; but may atop at % 
about half-way between * and ». From t upward, the inclination may extend for* 
ward to the liue em. 


Cement should 

be freely used, not only in the arches themselves, and in the masonry above them, as a 
protection from rain-soakage; hut in abuts, wing-walls, retaining-walls, and all other 
important masonry exposed to dampness. The entire backs of important brick arches 
should be covered with a layer of good cement, about an inch thick. The want of it 
can be hoou throughout most of our public works. The common mortar will be 
found to be decayed, and falling down from the soffits of arches; and from the joints 
of masonry generally, within from 3 to 6 ft of the surface of the ground. The mois¬ 
ture rises by capillary attraction, to that diet above the surf of the nat soil; ox 
descends to it from the artificial surf of embankments, Ac; therefore, cement-mortar 
should be employe! in those portions at least. The mortar in the faces of battered 
walls even when the batter is but 1 to V/ t inches per foot, is far more injured by rain 
and exposure, than iu vert ones; and should therefore be of the best quality. 8ea 
Mortar, Ac. 

We have, however, seen a quite free percolation of surface water through brick 
arches of nearly 3 ft in depth, even when cement w'as freely used. In aqueduct 
bridges, we believe that cement has not been found to prevent leaks, whether the 
arches were of brick, or even of cut-stone. May not this be the effect of cracks 
produced bv settlement of the arch; or by contraction and expansion under atmos¬ 
pheric influeucef Cement at any rats prevents the joints from crumbling. 


1 The feet of both elliptic and lemicfrcular nrche* are always made hor: but it la plain from Fig 
4t$, that this practice is at variance with correct principles of liability in the case of the ellipse. It 
Is the name i D the semicircle. In ordinary bridges of the latter form, the vert pres, or weight resting 
jo each akewbaok. ia (roughly speaking) usually about from SH to 4 timea the hor pres on the aame: 
and the total pres is about * timea an great as the pres on the keystone. Therefore, theoretically, the 
akewh&ck should usualh be about * times as deep as the keystone; and Its bed, instead or being hor, 
abould be Inclined at the rate of about 1 vert to 4 hor. 
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Winn tin arob la flat, this inclination may become ao iteep, especially In the upper part*, that 
atruu, or ahorea of aome kind, must be uaed for preventing tbe ma¬ 
sonry from sliding down, until tbe completion of the arch secures it 
from doinf ao. The bor courses between the face m i, and the line 
o *, will aid aomewhat in this respect, 

Thla method should be applied to all t>«ry large artke* whose 
rise is one-third, or less, of the span. As before remarked, tl 
is not actually necessary in arches not exceeding about 50 ft span, 
and not flatter than \ of the span. Indeed, if the earth fllliug can 
be deposited before the centers are removed, these limit* may be con¬ 
siderably extended without danger. Still, since a certain degree of 
inclination is attended with very little trouble or expense, we would 
recommend for even such arches, a process somewhat like the follow 
ing From half the span take thtf rise. Dir the rem by 3. Make o t, 
Fig 5, equal to the quot Draw t n, and o in. hor. Div the angle 
tom into two equal parts, by tbe line o a. Incline the masoury ho 
as to be parallel to o a, as far down as (n. The inclined course* 
may extend out to the face o t, or not, at pleasure. 



Rem. 1. To find the length (<ib, Fig 7) 
from fttce to face of a culvert. From 

the height At of the embkt. take the u hove ground height n a 
of the culvert, the rem will lie the height Ao of the euibkt 
above the culvert Then the reqd length a l is plainly equal 
to the lop width Id of the embkt, added to the two dints as, 
cb, which correspond to its steepnesH of aide slopes. Thus, if 
the side slope is, as usual, 1 to 1, then at and c b will each be 
equal to 1 tj time* o A, or the two together will be 3 times o A. 
So that If tbe width id ia 14 ft, and A o 5 ft, the length a b will be 
14 + (5X3) = 14 + 15 -29 ft 

Art. 7. The following table*. 3, 4. And 5. of quantities, will 

be found useful for expediting preliminary estimates, for \t Inch purpose < lnefh they 
are intended; hence no pain* have been taken to make them scrupulously uurect, 
hut rather a little m excess of the truth. The first column of Table 3 contain- the 

total vert height or. Fig6. from the 
crown o of a semicircular arch, to 
the foundation or base t;m of its 
abut The other columns give ap¬ 
proximately the number of cub yds 
contained in each running foot, or 
foot in length of the culvert OT 
budge, measured from end to end 
(face to face) of the arch proper; 
and including only the arch and Its 
abuts, as shown in Fig 1; or in the 
half section oping y m Fig 6; in¬ 
cluding footings to the abuts, but 
omitting the wing-walls (ien), and 
the spandrel-walls (*), Figs 6 and 
2^. At the foot of each column is tbe approximate content iii cub yds of the two 
spandrel-walls by themselves; one over each face of the arch. 

These spandrel-wall* are calculated on the supposition that tbelr thlckne** at bate, at their Junc¬ 
tion with tbe wing-walla, where their height 1* greatest, 1* equal to of their height at that point; 
except where that proportion give* a lew thlckne** at top than 2% ft; and that they extend 2ft<aa! 
above the top o of the arch. At the top of the arch, they are all supposed to be 2s rt thick at top; 
that being aaaumed to be about the lean thlckne** admissible in a rubble wall in aucb a position. 
Both the back and the face are suppoaed to be vert. The content* of these spandrel-walls will vary 
somewhat, however, even In the same span, with the height of the abut and the arrangement of the 
wings. They, however, constitute ao small a proportion of the entire contents given In Table 5, that 
this consideration m>' he neglected In preliminary estimate*. They are so firmly bonded Into the 
masonry of tbe wings at tbelr highest point*, and so strongly connected by mortar with tbe backing 
of the arob at their bases, that they require no greater thickness howevei high the emb may be. 

file content* Of tbe four wing-wall*. of which njw b, Fig 6, is one, 
will be found in a table (No. 4) Immediately following that for the body of the cul¬ 
vert. We have also added a table (No. 5) for complete semicircular culverts of 
various lengths, including their spandrel and wing wulls. 
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Rem. 1. Although the thickness of wing-walls increases in all parts with their 
height, they are not made to show thicker at nj than at ti, Figti; but (as seen in the 
tig) are oflsetted at their back «, a little below their Hlouting upper surf ij, so as 
to give a umtorin width lot the steps or flagstones, as tlie case may be, with which 
they are covered In the tig the covet lug is supposed to lie of flagstones; but steps 
are preferable, being less liable to derangement. To pi event the flagstones from 
sliding down the inclined plane j i, the lowei stone i should he deep and large, and 
laid with a hoi bed. The flags aie sometimes cramped together with non,and bolted 
down to the wall. Steps require nothing of that kind, as seen at s, Fig 11. 

Rem 2 The tables show the inexpediency of too ranch con* 
trading; the width of water-way, with a view to economy, by adopting 
a ninall spau of arch, when a culvert of greater span can he made, of 'the sane total 
height. 

For the wing* most be the same, whether the span be great or small, provided the total height is 
the same in lmih cases; and siucc the wings constitute a large proportion of the entire quantity of 
masonry, tu cuheru of ordinary length, the span itself, within moderate limits, has comparatively 
little effect upon it. Thus, the totul masoury iu a semicircular cuhert of 3 ft span, 8 ft total height, 
and 00 ft long bet ween the fat es of the arch, Is, by Table 5, 151 % cub yds , w bile that of a 6 ft span 
of the same height and leugth, is 152 4. A semicircular bridge of 25 ft span, 24 ft total height, and 
40 ft between the fares of the arch, contaius 1031 cub yds; while one of 35 ft span, of the same height 
and length, coutalus 11.14 yds, so that in this case we may add nearly 50 per cent to the water-way, 
by increasing the masoury of the bridge but -pjjth part. 

Rem. 3. Partly for the same reason, and partly because the eill verts for a 
double-track road are not twice as long as those for a single- 
track one, the quantity of culvert masonry for the former will not average more 
than about from \ v to % part more than that for the latter; so that it frequently 
becomes expedieut to finish the culverts at once to the full length required for a 
double track, although the embkts may at first be made wide enough for only a 
single oue, wjth the intention of increasing them at a future time for a double one. 

Thus, the *ver*ge size of culverts for a single track may be roughly taken at 6 ft. span, 30 ft loag 
from face to face, and 10 ft total height; and such a one oontalns, by Table 5, 140 cub yds. For a 
double track, it would require to be about 12 feet longer; and we see by Table 8 that this will add 
2 67 X 12 ~ 32 cub vds, making a total of 172 yds in«tead of 140; thus adding rather lass than y K 
part When the culvert* are under very high embkU, and consequently much longer, the addition 
for a double track becomes comparatively quite trifling. 

Table S, of approximate numbers of cob yd. of masonry 
per foot ran, contained in tbe arches and abutments only, as 

shown tu Fig 1 (omitting wings, and the spandrel-walls over the faces of the arches) 
of semicircular culverts and bridges, of from 2 to 60 ft span, and of different total 
heights, Jit, Fig 1, or o c. Fig 6. It will l>e seen that in many cases, a bridge of larger 
span conrains less masonry than one of smaller span, when their total heights are the 
same. There is a liberal allowance for footings or offsets at the bases of ttie abuts 


TABLE 3. (Original.) 
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TABLE 3. (Continued.) 


Total 

Height. 

Spun 

20 ft. 

&g 

Total 

Height. 

8pau 

35 ft. 

Total 

Height. 

Span 

50 ft. 

Feet. 

Cub. t. 

Cub. y. j 

Feet. 


Feet. 

Cub y. 

12 

i.m 


20 

10.5 

27 

18.0 

IS 

4 08 

. . . | 

21 

11 0 

2s 


14 

j 37 

6 io ; 

22 

11 6 

29 

19.4 

15 

3 77 

6.41 | 

23 

12 2 

30 

20 1 

16 

6 16 

0.76 | 

24 

12 7 

31 

20 9 

n 

6 60 

7 16 


IS 3 

32 

21 6 

1M 


7 4.1 


13 H 

33 

2-2 4 

19 

7 47 

' 10 


14 5 

•34 

23 1 

20 

s 12 

8 M* 


15 1 

35 

23.9 

21 


9 02 , 

29 

15 7 

36 


22 

9 57 

9 72 

30 

16.3 

37 

25.5 

23 

10 4 

10 4 i 

31 

17 0 

38 

26 3 

24 

11 3 

11 2 

32 

16 l 

39 

27.1 

25 

12 2 

12 1 

S3 

19 2 1 

40 

28.0 

26 

13 1 

HO 

34 

20 4 

*1 

'28.H 

27 

14 1 

14 0 

35 

21 7 

42 

300 

28 

15 2 

n o 

36 

23 0 

43 

31 5 

29 

16 3 

16 1 

37 

24 3 

44 

330 

30 

17 4 

17 2 


25 7 


34.6 

31 

18 6 

1- 4 

39 

27 2 

46 

36.3 

32 

199 

19 6 

40 

28 7 

47 

38 1 

33 

21 2 

20 9 

41 

30 2 

48 

39 8 

84 

22 6 


42 

31 8 

49 

41.6 

35 

24 0 

23 6 

43 

33 5 

50 

43.6 

36 

25 4 

25 0 

44 

35 2 

51 

45 5 

37 

26 9 

26 5 

45 

3*i 9 

52 

47.4 

38 

28 5 

28.0 

46 

36 7 


49.4 

39 

30 1 

29 5 

47 

40 6 

54 

51.6 

40 

31.7 

31 2 

48 

42 5 

55 

53 7 

41 


32 8 

49 

4* 4 

fiO 

55.Il 

42 


34 5 

50 

46 4 

57 

66.1 

43 


30 3 



58 

GO 4 

44 


38.1 



59 

62 7 

45 


40.0 



60 

651 


Contents of the two *pandrelwallft, over the two end* of the arch, i.» oub yds. 
_2 8. t 42 tl _| 85. _J _| 126. _ 


Art. 8 . The following table of content* of wing-waJls, or wings, will, 
like the preceding one, be useful in making preliminary estimates. The wings 
wo, no, shown in plan at Fig 8, are supposed to form an angle aoc, of 120°, with the 
face, or end o o of the culvert. Their outer or small ends n n , are all assumed to tie of 
the dimensions shown on a larger scale at K. Thickness at base at every part equal 
to of the height of the wall at said part; except when that proportion becomes 
too small to allow the width or thickness at top to be 2.6 ft; in which case it is en¬ 
larged at such parts sufficiently for that purpose. See Remark 2. This happens only 



Fig. 8 


when the height in tn, Fig. E, of the wing, becomes less timn S ft. Ratter of face, l 1 -j 
•ns. to a ft.; or 1 in 8. Rack vert.; but offsetted, if necessary, for a short dint, below 
the top, so as to give a uniform slMiituj top thickness of 'l x A ft. The niHMiury 
supposed to be good well-scabhlwl mortar nibble. The height given in the Hist 
column is the greatest one; or that at o© (or toy, Fig. 6], where the wing joins the 
face of the culvert In the table no allowance is mode for footings (offsets or step, 
at the base of the wings; as these are frequently omitted in wings on good found* 
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Mona. In taking out quantities from the table, bear in mind that the height of the 
wings is usually a little greater than that of the culvert itself. 

The plan shown at C is the common one, but that at I> is greatly preferable for 
tulverts; for the shoulders at o o in Fig. (’, apart from their greater liability to catch 
Oran dies of trees, etc., floating down stream, offer oi themselves a much greater re- 
distance to the flow of the water into the culvert than do the mere corners at o o, 
Fig. D. 

Table 4, of approximate contents, in cub yds, of the four ' 
wing-nails of a culvert, or bridge. (Original.) £ 

The heights are taken wheie greatest, as at j w, Fig 6 ’ 


Height 
of , 
wing 

Feel 

8 

7 

8 

9 

10 
11 
13 
li 
18 
18 
20 
22 
24 
26 
28 


Length 1 Cub. yds.! Height Length jCub. yds. 
of I iu | of | of ! in 
one wlng.i 4 wings wing one wing. 4 wmga. 


Feet. 
1 73 
3 4b 


22 5 
28 0 
29 5 
32 9 
.18 4 
39.8 


4 04 

H So 
14 6 
21.5 
30 2 
40.9 
53 7 
85 2 


1 65 


48 8 
503 
53.7 
57 2 
80 7 
64 2 
67 6 
71 1 
74 6 
78 0 


818 

997 

1192 

1414 

1681 

1928 

2220 

2552 

2912 

3306 

8741 

4942 

6404 

H31 

10155 


To reduce cub yds to perches of 25 cub ft. mult by 1.080. 
To reduce perches to cub yds, mult by .928, or div by 1.08. 


The contents for heights intermediate or those in the table may be found approximately by simple 
proportion. 

Rf.m 1 It is not recommended to actually prolong all wings until their dimen¬ 
sions become as small as shown at E, in Fig 8. In laigo ones it will generally be 
more economical to increase their end height m m, a lew feet. The contemts, how¬ 
ever, may be readily found by the table m that case also. Tiius suppose the height 
ol tiie wings at one end to be .30 ft, and at the other end 8 ft; wo have only to sub¬ 
tract the tabular content for 8 ft high, from that for 30 ft high. Thus, 818 —14.0 = 
803 4 cub yds required content. 

Rem. 2. It might be supposed that inasmuch aR the wings of arches often have to 
sustain the pressure from embankments reaching far above their tops, they should, 
like ordinary retaining-walls, he made much thicker in that ease. But the fact that 
they derive great additional stability from lieing united at their high ends to the 
body of the bridge or culvert, renders such increase unnecessary when proportioned 
by our rule; no matter how far the earth may extend above them; as shown by 
abundant experience. 

Relying U|HIU thli aid, we may Indeed, when the earth does not extend above the top, reduce the 
base at o to one third of the ht, aa ahown at o t , and by dotted line t a. Experience ahowi that we 
may aleo do the name even when the earth reaches to a great height above the top, provided that 
the wiuga. instead of being spliived or tlared out, a» nton.on, merely form atraight prolongation* 
of the abutment* of the arch, aash.iwn bv the dotted lines at ogw. In this oa*e the prewure of the 
earih against the wing* i* lean than when they are aplaved. We have known the thioknea* at o 
to be reduced in such eaaea to less than one-third the height, when the wings were 15 ft high, and 
the height of the embankment above their tope 16 feet iu one oa«e, and 36 ft in another. In another 
instance, ilmllar wing* 25>4 ft high, and with 29 ft or embankment above their top, had their base* 
at o rather leaa than i of the height. In all those cases, the uniform thickness at top was 2.5 feet; 
backs vertical. We mention them because this particular subject does not seem to be reducible to 
anv practical rule The last wall appears to us to be too thin; especially If the earth i* not deposited 
In’Uvers, and arter allowing the mortar full time to set. The labor, however, required in compact¬ 
ing the earth carefully in lavers. may cost more than Is thereby saved in the masonry. The young 
practitioner niuat bear this In mind when he wishes to economise masonry by inch means; and alao 
that the thin wall may bulge, or rail entirely, if the earth backing is deposited while the mortar te 
Imperfectly set. 
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Table 5. Approximate eon ten to in cnbic yards, of com. 
»Iete semicircular culverts and bridges of from 2 to 50 feet 

pan | including the 2 spandrel walls, and the 4 wings ; all proportioned by the 
aregoing directions; and taken from the two preceding tables. The height in the 
econd column, is from the top of the keystone to the bottom of the inundation. The 
•'lugs are calculated as being 2 ft higher than this, including the thickness of tire 
opmg. The wings are frequently earned only to the height of the top of the arch, 
bus saving a good deal of masonry. Table 4, of wings alone, will serve to make tin 
roper deduction in this case. 

The several lengths are from end to end, or from face to face, of the arch proper 
’he contents for intermediate lengths may be found exactly; and those for inter* 
lediate heights, quite approximately, by simple pro|*itioli In this table, as m 
lo. 3, it will be observed that when the heights are the same m both concha largei 
pan frequently contains less masonry than a smaller one. A semicircular culvert 
r bridge coutains less masonry than a flatter one, when the total height is the saint 
i both cases; therefore, the first is iht most economical as regards cost; but it doer 
ot afford as much area of water-way; or width of headway. 

(Original i 
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Table 5 —(Continued.) (Original.) 



Art. 8 . Especial pains should he taken to neenre an unyielding fontt 
datlon InreulterlN and drain** under high embktsj otherwise 
the super ini Mubent weight, especially under the middle of the ernbkt, may squeexc 
tliem into the Boil below, if soft or marshy; and thus diminish the area of water¬ 
way, or at least cause an ugly settlement at the midlength of the culvert. Also, in 
soft ground, the embkt may press the side walls closer together, narrowing the 
channel This mav he prevented by an inverted arch, or a la*d of masonry, between 
the walls. A stratum from 3 to (! ft thick, of gravel, sand, or stone broken to turn¬ 
pike size, will generally give a sufficient foundation for culverts m treacherous 
marshy ground; or quicksand, with hut a moderate height of embkt. It should ex¬ 
tend a few feet heyoml the masonry in every direction, and should be rammed; the 
sand or gravel being thoroughly wet, if possible, to assist the consolidation. Piling 
will sometimes lie necessary. If the masonry is built upon timber platforms, or s 
smooth surface of rock, care must be taken to prevent it from sliding, from the pr« 
of the earth behind it. This same pres may even overthrow the piles, if they an 
not properly secured against it. 

Art 10 . Drains. 

Brains of the dimen¬ 
sions in Fig 11, con¬ 
tain 1 perch, of 26 
cnb ft; or .ft26 of a 
cub yd, per ft run. 

They are frequently 
built of dry gcabbled 
rubble, and paved with 
■pawU. When there I* 
much wash through 
them, with a consider¬ 
able aiope, it ia better to 
rootleu* the foundation 




628 


STONE BRIDGES. 


•olid clear across. This is often done without those oh uses, inasmuch as the additional masonry la • 
mere trifle: and the excavation of a single broad foundation pit t> less troublesome ttiau that ot t wo 
narrow oues. A deep flagstone/ at the entrance, and others at short dists ot the length, maj lie in¬ 
troduced in both drums and culverts, to protect trow undermining. 

These drains extend under the eutire width of the etubkt. Itoin toe t" toe. and umj teiiuiuate in 
steps, as in the side view at S. The* are of course better when built with mortar, with an admixture 
•f cement to prevent the water when full fiom leasing into and win ning Hie embankment 
Sometimes two or three such drams mat be placed patallel to each « Hi• t tuMead or a cui»m. 
When two are so placed, they contain only lh tinu « the inasnnrt of one, still their n«r will generally 
involve no saving of masonry over a culvert A nmu can crawl through Fig II to cicau it 
Art. 11. The dralnnffe of llic romluny* <>f *Umv btuhres of wvunl 
arch os, is gent* rally i»il by means of optn guilt''', winch descend elightlt fiou* 

the crow an of the arches, each way, until they reach to oear the ends of tin* re¬ 
spective spans. 


There they discharge Into vertical Iron pipes built Into the masonry. The upper ends of th« 
pipes should be oovered by gratings. When inconvenience would rc-ult Horn the w.nor falling upon 
person* pissing under the arches. these pipes may be estned down the entire height of the piers; 
but wh"ti such is uot the case, they may extend oniv to the Miflu, or utidet faceol the arch; allowing 
the water to fall freely through the air from that height. 


Table tt. of approximate content*, in cub yd*, of a solid 

E ier of masonry, »> ft by 2 1 ft on top; and battling 1 inch to a ft on each of 
t faces. The contents of mnsoun of such forms must be calculated by the pnsniotdal formula, 
and not by taking Lhe length aud breadth of the pier at half us height a* an average length and 
breadth, as is sometimes done. This incorrect method would give only 6192 cub yds as the coutent 
of the pier 200 ft high; instead 717H vds, its true content. High piers tuav for cc-nomv be built bol 
low, with or without interior cross walls for strengthening them, r* the case oihv require: and the 
hatter is generally reduced to H luch or less to a loot Hollow piers requiro good well liedded jna- 
*° ary ' (Origin.-l) 


fit. 

Ft. 

j Leth 
at ; 
1 bat" : 

BiHh 

at 

bate 

Cubic 

1 y.ttds 

[ Ht. 
Ft. 

Lgth 

at 

; base. 

1 licith 

1 1,1 
| base 

1 | 

| Cubic j 
j jatd-i 

lit. 

• Ft. 

Lgth 

Ht 

buH‘ 

Hi 1th 
at 

base. 

Cubio 
jai da. 

6 

23. 

T. 

32 * 

52 

: 30 67 

' 14.67 

537 

128 

4.,,>3 

27,33 

2759 

7 

.17 

I - 17 ' 

386 

54 ! 

31. 

l.-, 

570 

130 

.67 

.67 

2348 

8 

.33 

.33 

44.') 

56 

.33 

33 

605 

132 

44. 

28. 

2940 

9 

23.5 

1 7.5 

51.3 

5S 

.67 

.67 

641 

134 

,33 

,33 

3032 

10 

.67 

.67 

58. 

00 

32. 

16. 

679 

136 

67 


3126 

11 

.83 

.83 

64 8 

62 

.33 

.33 

717 

133 

45. 

29. 

3222 

12 

24. 

8 

71.7 

64 

.67 , 

.67 

757 

140 

,33 ; 

.33 

3.120 

13 

.17 

.17 

79. 

66 

33. 

17. 

798 

142 

.07 


3420 

14 

.33 

33 

86 4 

68 

.33 

.33 i 

840 

144 

46 | 

30 

3521 

15 

24.5 

8 5 

94. 

70 

.67 

67 i 

8X4 

146 

.33 

,355 

3623 

16 

.67 

.67 

102 

72 

34. 

18. 

928 

148 


.67 

3728 

17 

.83 

.83 
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Art. 12. Brick A relief*. Sum*' even good brick lit tor large arches ha* 
far lean crushing strength than good granite or limestone, and u inferior even to 
good sandstone, while its weight does not differ very materially from atone, it is 
plain that it cannot In* used in arches of as great span as atone can. Some of 
those already built, and which have stood for many years, have a theoretical co¬ 
efficient of safety of hut, about H; w hereas the authoritiesdirect us not to trust even 
'lone with more than one-twentieth of itscrushing load. This last, however, aj-- 
pears to the writer to l»e one of those hasty assumptions which, when once au- 
nutted into professional books, are difficult to Ik* got rid of. It is his opinion that 
w it h good cement, and proper care in striking the centers, one-tenth of the ulti¬ 
mate strength is sufficiently secure against even the abnormal strains caused by 
the settling at crow u. and rising at the haunches wjien tin* centers are struck. It 
is useless to attempt to iix limits of safety lbr bad materials poorly put together. 

Rein. 1. The (oinmon practice of building brick arebes m a series of con¬ 
centric rings, as at a c a e. Fig 12, with no other bond lietween them than 
that afforded by the mortar, is censured by 
authorities, on the ground that the line of 
pressure in passing from the extrados to 
the in trad os tends to separate the rings, 
and thus weaken the arch by, as it were, 
splitting it longitudinally. The reason 
for using these rings, instead of making 
the radial joints continuous throughout 
the depth in v of the arch, as at ft, is to 
avoid ttie thick moi tar-joints at the back of 
the arch, and shown in the Fig. If the 
center of an arch built as at ft lie struck 
too soon, the soft mortal in these thick 
joints will be so much compressed as to cause great settlemeut at the crown, 
throwing the arch out of shape, and creating such inequality of pressure as 
might even lead to its fall, especially if flat. As a compromise between rings 
anu continuous joints, they am sometimes employed together, so as to get rid ot 
NOinc of the long radial joints; and at the same time to break at In ter vain 
the continuity of the riugs. Thus in Fig 12. which is supposed to lie brick-and- 
j-half deep, beginning at the abutment a, we may lay half-brick riugs as far as 
say to t o t; then cutting' away the brick o to the line e e, we may lay from 
t e to m n a block of bricks with continuous radial joints, the same as at ft; and 
then start again with three rings; and so on alternately. A still better, but 
more expensive, mode would be to fill e e, in n with a regular cut-stone voussoir. 

The prouer intervals for changing from rings to blocks will depend upon the 
uurnber of the riugs and the depth c a of the arch; reference being also had to 
reducing the amount of brick cutting as much us possible. 

These points can be best decided on from a drawing of a portion of the arch 
on a scale of 3 or 4 ins to a foot. Generally the rings are made only half-brick, or 
about 4 to 4.5 ins thick, as at a e; and in Brunei’s Maidenhead viaduct of two ellip¬ 
tic brick arches of 128 It spun, and 24 2ft ft rise; the boldest brick arches yet at¬ 
tempted; but which have been estimated to have a co-eflu lent of safety of but 
three against crushing at the crown 

So many others of from 70 to 100 ft spun have been successfully built entirely in 
rings ol'either half or whole brick thick, as to justify us in attaching but little weight 
to the above theoretical objection, provided first class cement be usAl, and time 
allowed it to become nearly or quite as hard as the bricks themselves, before 
striking the center*. Under such circumstances we should not object to a series 
of rings even 1 ft bricks thick, laid alternately header and stretcher, as at ft. 

If the bricks were vouNHolr-uhapeil. that is, a little thicker at one 
end than the other, then rings a whole-brick thick could be used without any in¬ 
crease in thickness of mortar-joint at the back of each ring. Still with more 
than one ring, the radial joints would not be continuous, as at ft, but broken as at 
or. Such bricks however would Ik* more expensive to make; and moreover, in 
order fully to unswer the intended purpose.they would hate to be made of many 
patterns, so as to conform to the many radii used in arches, and even to the 
radii of the different rings, when the depth of the arch required several of them. 
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Rem. 2. Wet the bricks before laying. 

Rem. 3. When the ends or faces of a brick arch are to be finished with cnt* 
Stone vonssolrs, these had better not be inserted until some time after the 
completion of the brickwork, the hardening of the mortar, and a partial easing 
of the centers; leaf they be cracked or Bpawled by the unequal settlement ol them¬ 
selves and the bricks. 


Rem. Brick arches, from their great number ol joints are apt to settle 
much more than cut stone ones when the centers are Yemoved, and thereby to 
derange the shape of the arch, and at times, without duo care, even to endanger 
its safety, especially if it be large and flat When the span exceeds about SO to 3ft 
ft, and particularly if flat, use only brn k ol superior quality m good cement 
mortar. With even best materials and work we advise the*young engineer not 
to attempt brick arches for railroad bridges ot greatei spans than about the tol- 
lowing. Considerably larger ones than some of them have been built, and have 
stood; but their coefs of safety are not In all cases satisfactory. In this table the 
ri»e is in parts of the span. 


R. 

ft. 

R. 

SL 

R. 

ft. 

R. 

ft. 

R. 

ft. 

.5 

100 j 

'4 

86 

.225 

68 

y§ 

50 

.134 

35' 

4 

97 


82 


60 

.155 

45 

i* 

,•50 

.36 

93II 

V, 

75 

.183 

55 

* 

40 



On the Filbert Street Extension of the Fenna R R, in PhiU, 

are four brick arches of fiO ft 1 inch spau, and wiih the voiy low rise of 7 ft. They 
are 2 ft 6 ins thick, except on their showing faces, where they are but 2 ft. The 
joints are in common mortar, and about J4 inch thick. These tour arches, about 
200 yards apart, with a large number of others of 26 ft span, form a viaduct. The 
piers between the short spans are 4 ft 3 ins thick. Those at the ends of the 50-ft 
spans, 18 ft 6 ins. The springing lines of all the arches are about 6 to 8 It above the 
ground. One of the 60-ft arches settled 3 ins upon prer at rely striking the 
waters, but no farther settlement has been observed, although the viaduct has, 
rtnoe built (1880) had a very heavy freight and passenger traffic, at from 10 to 20 
(Biles per hour. Roadbed, about 100 ft wide, giving room for 9 or 10 tracks. 
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Art. 1. A renter Is a temporary wooden structure (built lying flat, on a ml! 
■lie drawing, on a flxod platform, under cover or not) for supporting an arch 
while it is being built. It consists of a number of trasses or frame*,/, /, Fig. 1, 
placed from 1 to 6 ft apart from cen to cen, and covert'd with a flooring l, /, of 
rough boards or planks, usually laid close, and called the glieetinj? or lag:- 
glng, immediately upon which the archstones are laid. In Fig d, the lag¬ 
ging is not laid close. There is no groat economy ip placing the frames very 
far apart, on account of the greater required amount of lagging, the thickness 
of which increases rapidly. For the thickness of lagging see Rem 9 



The centers r* t by th ends of 
their chords, c, upon wooden 
(striking wedges u\ Fig 1, 
supported by standard* com¬ 
posed of posts p, whose tops are 
connected by cap-piere* o; 
and whose feet rest on string- 
ers r; the whole being braced 
diagonally as shown. 

If the ground i9 very firm, and 
the arch light, the standards may 
rest on it, with the interposition 
ut Adjnftting-blorkM, n, be¬ 
low the stringer, to accommodate ...... 

irregularities of the surface of the ground, as in the Fig. These blocks shoult 
t*> somewhat double-wedge-shaped, so that by driving them the standard nu] 
lie raised at any point in case it should settle a little iuto the ground. But fo: 
ueavy arches the standards must rest on a much firmer foundation, such as shor 
blocks of brickwork sunk a few feet into the ground, or some other devici 
adapted to the case. Frequently projecting offsets or footings, or at times re 
cesses are provided in the masonry ot the abutments and piers for this expresi 
purpose; and with a view to this it is well to design the center at the same tim< 
as the arch. 


Up to spans of 50 or (50 
ft a single row of posts (one under each end of 
each frame) will suffice; but for much larger ones 
two or three rows, 2 or more feet apart may be¬ 
come expedient, a* in the lower Fig 2. 

Tl»«> (striking or lowrring-wedgefl 
before alluded to are lor striking or lowering the 
center after the completion of the arch. They 
consist ot pairs of wedge-shnped blocks, to tc, at A, 
Figs 2, of hard wood, from 1 to 2 ft long, about half 
as wide, and a quarter or more as thick, (sufficient 
to lower the center from say 2 to 6 or more inches, 
according to span and other circumstances,) rest¬ 
ing on the cap o, of the standard, while the chord 
c of the frame rests on them. When the end of a 
frame is supported by two or more posts j>, as at B, 
fig 2, instead of upon one, the striking-wedges are 
sometimes made as thine shown; aud where B v 
is one long wedge at right angles to the abutment, 
and acting as four wedges which may all be low¬ 
ered together bjr blows against the end B^_ 


Figs2 


nr 


<\V 


IO 



r<>.a—i 
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•ar.li h. l.-ng a* to reach transversely across tlie entire arch. Then all th» 
frames can t«* lowered at one operation, as described near end of Art 9. 

If vs had to consider only the friction of dry wood against dry wood, the tapor 
of these wedges might be as steep as l vert to 3 hor, without any danger of their 
sliding upon each other of their own accord; and they would then require very 
moderate blows to start them, or even to entirely separate them, when the center 
had finally to be lowered. But it is of the utmost importance, especially m large 
arches, that the cenfen should 1>«* lowered very Mlowly, otherwise 
the momentum acquired by so heav\ a body as the areli in descending suddenly 
even but 2 or 3 ins, might jawsibly affect its shape, or oven its safety. 

Therefore the wedges should not have a taper steeper than about 1 in 6 or 8 for 
arches of less than about 50 ft span; or than 1 in 8 or 10,for larger spans. Vertical 
lines at equal dists apart should be drawn on the long sides ot tin* wedges as a 
guide lor lowering them all to the same extent at a time; and tins should not ex¬ 
ceed in all about half an inch adav in intervals of about an eighth of an inch, lor 
*5t) ft spans; or about .1 to .25 of an inch per day in all, tor spans over 100 ft. 
Slowness is especially to be recommended in brick arches, not only because 
their greater number of joints exposes them to greater derangement of shape, 
but because even good brick has much less than the average crushing strength 
of good granite, limestone, or sandstone, and therefore is fur more liable than 
they to crack, or even to crush (as the writer has seen) when the strains are 
thrown almost entirely upon their edges, as described in Art 3. 

At Gloucester Bridge. England, of first class cut stone, span 150 ft, rise 
Ho ft, the centers were entirely struck w ithin the very short space of 3 hours, and 
the crown of the arch descended 10 ins! At Orosvenor Bridge. England, 
of first class cut stone, span 200 ft, rise 42 ft, such care was taken in easing the 
centers that the crown of the arch settled but 2 5 ms. This ca.se however was 
marked by two or three peculiarities, all of whuh contributed to this favorable 
result. Namely, the center instead of being a series of frames supported as usual 
bv their ends, and of course involving an appreciable, although small, degree of 

sagging or settlement, consisted 
essentially of vertical and in¬ 
clined posts or struts, see Fig 3, 
footing on four temporary piers 
of masonry, 7 or S feet thick, built 
in the river, parallel to the abut¬ 
ments, and as long as they. These 
piers supported six frames (or 
rather six series) about 7 ft apart 
een to cen.of such struts, footing 
on cast iron shoes. Fig 3 showt- 
halt of one serh*s. Each frame 
or series consisted of four fan-like 
sets of jwmts, all in the same ver¬ 
tical plane. The long horizontal pieces seen extending troin side, to side of the 
arch were bolted to the struts to increase their stillness , and other pieces for the 
same purpose united the six series transversely. Here each strut sustains its owf 
share of the weight of the archstones, and transfer it directly to the unyielding 
foundation of the pier; whereas in the usual trussed centers, the entire load rests 
upon the frames, and is finally transferred to the comparatively unstable support 
of the posts at their ends. 

The tops j> of the posts of a series varied about from 5 to 8 ft apart een to ecu; 
and were connected by a continuous curved rib, 1 », of two thicknesses of 4 inch 
plank, bent to conform approximately to the curve of the arch. On this rib were 
placed pairs of striking-wedges w like Eig 2, about 1(1 ms long, 10 to 12 ins wide, and 
tapering 1.5 ins, so near together (varying alniut from 2.5 to 3.5 ft een to cen i that 
there was a pair under ea< h mintof the archstones, a a. Ou these wedges, and ex 
tending over all six of the frames, were the lagging pieces /, 4.5 ins thick. 

Thin peculiar arrangement of the Ntriking*wedge« and lag¬ 
ging has. in large spans, great advantages over the usual one of placing them only 
at the ends of the tramps. In the last the entire center and the entire arch are 
lowered together, without giving an opportunity to rectify any slight derange¬ 
ments of shape or inequality of bearing that may have occurred in the arch during 
its construction, This center, designed by Mr. Trubshaw, admits of lowering 
either the whole equally, or any oue part a little more or less than the others. 
He had much experience in large arches, and stated that during the striking he 
found that he had an arch under better control, or could hutnor it better, by keep¬ 
ing the haunches a little dow*« and the crown a little up, until near the end of 
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Hem. 1. Instead of piers of masonry for supporting the feei of the 
posts, wooden eribs or piles may often be used if the arch is over water. 

The principle of Niipportinc even trusHed frames by struts 

at points of the chord as far Ironi the abutments as circumstances will admit of 
(in addition to those at the very ends) should always be applied when possible, 
in order to reduce their sagging to a minimum. Hien** or offoetM in the 
masonry of the abutments and piers may be provided for receiving the feet 
of such struts, when they are inclined. 

Rem. 2. Nerews may be uNed instead of wedges for lowering centers. At 
the Pont d’Alma, Paris, ellipse of 141.4 ft span, and 28.2 ft rise, the frames were sup¬ 
ported by woodeu pistons or plungers, the feet of which rested on sand con* 
fined in plate-iron cylinder** 1 ft in diaui and height, and having near 
the bottom of each a plug which could be withdrawn and replaced at pleasure, 
thus regulating the outflow of the sand and the descent of the center. This de¬ 
vice succeeded perfectly, and is well worthy of adoption under arches exceeding 
about 6o ft span. Wheu much larger than this the driving of the wedges on 
strikiug requires heavy blows, and Incomes a somewhat awkwaru operation, re¬ 
quiring at times a battering-ram, even when the wedges are lubricated. In rail¬ 
road cuttings crossed l>y bridges, the earth under the arch has been 
made to sene as a center, by dressing its surface to the proper curve, and then 
embedding in it curved timbers a few leet apart, and extending from abut to abut, 
lor supporting the dose plank lagging. 

Rem. S. All center** must yield or settle more or less under the wt 
uf the arch, especially when supported only near their ends; and siuce the arch 
itself also settles somewhat not only when the centers are struck, but for some 
time alter, it is advisable to make them at first a little higher than the finished 
arch is intended to l>c. This extra height, when the supports are at the ends, 
may bo from 2 to 4 ins per 100 ft of spun for cut stone arches (according to time 
ol strikiug, character ot masonry, workmauship, etc.), and about twice us much in 
brick ones. 

Rem. 4. The proper time for mtriking centers is a disputed 

point among engineers, some contending that it should be done us soon as the 
arch is finished and sufli letitly hacked up, and others that the mortar should 
fust be given time to harden It i» the writer’s opinion that inasmuch as in 
< ut-stone arches the mortar joints should he very thin ; and since, in such, the 
mortar is at hestol very little service, it is of no importance when they are struck; 
piovidod the masonry backing, ami the cmhkt up to y n Fig 2, p 618, have been com¬ 
pleted; but that iu brick oi nibble, th*- numerous joints ot both of which requite 
much mortar, (which for hardness should consist luigolv ol cement,)? or 4 months, 
or longer, if possible, should be allowed it to harden sufficiently to prevent undue 
rompression and consequent settlement when the centers are struck. The con¬ 
tinuance of the centers need not interfere with traffic over the bridge. 

Art. 2. The pressure of archstones against a center is very trifling until after 
the arch is built up so far on each side that the joints torm angles of 25° or 30® 
w it h the horizontal. Theoretical discussions on this pressure make no allowance 
for accidental jarrings in laying the archstones, or by the accumulation of material 
ready for use, laborers working on it, &c. Without going into any detail, we merely 
advise on the score of safety not to assume it at less than about the following pro¬ 
portions or ratios to the weight of the entire arch, namely, in a semicircular arch 
.47 , rise .35 span, .61; rise .25 span, .79; rise .2 span, .86; rise .167 span, or less, 1, 
or equal to the wt of the arch. This gives the pressure of a semicircular arch 
upon its centers rather less than half its wt. The wt of the centers 
themselves when supported only near the ends must be considered as part 
of the load borne by them. 

Art, 3. We have seen that as an arch aaa 1b being gradually built upward on 
both sides, after passing the points e,e, Fig 4, where its joints form angles ate, of 
about 30° with the horizontal a a , the arch begins to press more and more 
upon the centers; thereby tending to flatten them at the haunches, as shown at h 
in the dotted line; and consequently to raise them at the crown, as shown at c. 
But as the building goes on still higher, the added stones press much more heavily 
upon the centers than those below had done, and thereby tend to a final derange¬ 
ment of the centers just the reverse of that caused by the lower ones; namely to 
depress them at the crown a, as at o; and consequently to raise the haunches as 
at n; and this the more because the upper stones actually tend to lift or ease the 
lower ones from the lagging. In some cases where this tendency has been in¬ 
creased by forcing the keystones into place by too hard driving, the lagging 
under the haunches could be drawn out without any trouble before the oenten 
•ere eased at all. On striking the centers this tendency to sink at crown and 
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rise at haunches is very apt to exhibit itself more or less dangerously in the arch¬ 
stones themselves, as in Fig 5, causing those near the crown to press very hard 
together at the extrados, and to separate from each other at the intrados; while 
near the haunches the reverse takes place. Hence the anglps of the stones are 
frequently split and spawled off near c and h by this unequal pressure. These 



derangements are of course much more likely to he serious in high arches than 
In flat ones, especially if their spandrels are not sufficiently built up before 
lowering the centers 

In the Grosvenor bridge, before alluded to, of 200 ft span, this dangerous excess 
of pressure near c and h was prevented by covering the skew back joint of the 
springing course at each abutment with a wedge of lead 1.5 ins thick at the in- 
trados of the arch, and running out to nothing at the extrados. Beside this a 
strip 9 ins wide of sheet lead was laid along the intrados edge of every joint until 
reaching that point at which it was judged that, the hue of picture would pass 
from the intrados to the extrados; alter which similar strips were laid along the 
extrados edges of the joints, up to the crown, lienee when the centers were 
struck, this excess of pressure merely compressed the lead, and was tims enabled 
to distribute itself more evenly over me entire depth of the joints. See Trans 
Ins Civ Eng Loudon, vol i. See also top of p 1215 

At the bridge at Xeuilly, France (of 5 elliptic arches of 12ft ft span, 
and 30 ft rise), the centers were so radically defecti\e in rhsign that the arches 
sank 13.25 ms at crown during the time of building; and lft.5 ins more during 
and immediately aftei the striking; or say 2 ft in all Their construction made 
the striking very tedious and hazardous; greatly endangering the lives of the 
workmen and the existence of the arches. Koine oi the joints at the extrados 
at the haunches opened ati inch each; and those at the intrados of the crown .25 
of an inch By the exercise of great care and humoring in lowering the centers, 
these openings were much reduced. 

Rem. 1. Chamfering the edgefc of the arch*tmie* diminishes 
the danger of their spawling off from unequal pressure, as do<*s also the Mcrap- 
tng out of the mortar of the Joint* for au inch or two in depth be¬ 
fore striking the centers. 

Rein. 2. It is evident that in order to prevent, or at least to diminish the 
alternate derangements of the center, those of its wch members which at first 
*ct"d as *trut* near the haunches. Fig. 4, to present them from sinking as at 
l i must afterwaids act it? tie* to prevent them from rising as at u ; while those 

which at first acted as ties near 
the crown a, to prevent it from 
rising as at. c, must afterwards 
act as struts to prevent it from 
flinkingaaato. In other words, 
the principle of counter* 
bracing must he attended 
to as well in a frame or truss 
f»r a center, as in one for a 
bridge. 



Art. 4 . Krum the foregoing It ii pliin that a * tmple Hbreetd woo d e n 
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arch, or curved rib is, on account of its great flexibility, about as unfit a form 
as could be chosen for a center, except for very small spans, where a great propor¬ 
tional depth of rib can be readily secured. Still the writer has seen it used ior a 
cut-stone semicircular arch of 35 ft span, with archstones 2 ft deep. Fig 6 shows 
oneribrr, and the arch, a a, drawn to a scale. Each rib consisted of two thicknesses 
of 2 inch plank in lengthsof about 6.5 ft, treenailed together so as to break joint, 
as at B. Each piece of plank was 12 ins deep at middle, and 8 ins at each end; 
the top edge being cut to suit the curve of the arch. The treenails were 1.25 ins 
in diam; and 12 of-them showed to each length. These ribs were placed 17 ins. 1 
apart from ceu to cen, and steadied together by a bridging piece of inch board, 1S| 
ins long, at each joint of the planks, or about 3 25 ft apart. Headway for traffic 
being necessary under the arch, there were no chords to unite the opposite feet 
of the ribs. The ribs were cove nil with close board lagging, which also assisted 
in steadying them together transversely. As the arch approached about two- 
thirds of its height on each side, the ribs began to sink at tne haunches, as at h, 
Fig 4; and to rise at the crown, as at c. This was rectified by loading the crown 
with stone to be used in completing the arch; which was then finished without 
further trouble. 

A Ntill morestrikingexampleoftiieuseofasimple unbraced wooden 
rib, was in theold National I urnpike bridgeou-i U'ilM’reek. nt < umberland, Md 
This bridge, of which one arch with 
its center is shown in Fig 7 drawn 
to a scale, consisted of two elliptic 
cut stone arches 26.5 ft wide across 
roadway, and of 60 ft span, and l‘> 
ft rise. The archstones were 3 It 
deep at crown, and 4 ft deep at 
s-kewbacks. Each frame of 
the center was a simple rib 6 
ms thick, composed of three thick¬ 
nesses of 2 inch oak plank m ditlerent lengths ("about 7 to 15 fh to suit the curve 
and at the same time to preserve a width of aixnit 16 ins at the middle of eael 
length, and 12 ins at each of its ends. The thicknesses were well treenailed to 
get her, breaking joint and showing from 10 to 16 treenails to a length. 

Here, as in Fig 6, there were no chords, owing to the violence of the floods ii 
the creek. These ribs were placed IS ins from cen to cen, and steadied agains 1 
one another by a board bridging-piece 1 ft long, at every 5 ft. These were oi 
course assisted by the lagging. 

When the archstones had approached to within about 12 ft of each other neai 
the middle of the span, the sinking at the crown, and the rising at the haunches 
had become so alarming that pieces of 12 X 12 oak, 00, were hastily inserted a' 
intervals, and well wedged against the archstones at their ends. The arch waj 
then finished in sections between these timbers, which were removed one by one 
as this was done. 

Rem. 1. Such instances of partial failure are very instructive 
It is indeed by bitch, rather than by theoretical deductions, that the proper dimen¬ 
sions are arrived at in a vast number of cases pertaining to engineering, ma¬ 
chinery, &c.* Thus we. might with eutire confidence of no scribus mishap, applj 
ribs of the foregoing dimensions to spans only half as great. 

Rem. 2. Assuming the rib-planks to bo 12 ins wide, it would, as a matter of 
detail, be better to make them about 10 ins wait* at the ends instead of the 8 ini 
in Fig 6 making top curve 2 ins. To secure this, their lengths, depending on th< 
radius of the rib, must not exceed those in tlie following tables 


Rh<] 

of Arch. 

Greatest Length., 

Rad 

of Arch. 

Greatest Length. 


Feet and Tns. 

Feet. 

Feet and Ins. 

5 

2 “ 5 

30 

6 “ 4 

10 


85 

7 “ 0 

15 


40 

7 “ 6 

20 

'• 'i- ■' A t '.w • 

45 

7 “ 10 

25 

mmmm 

50 

8 “ 2 


• The young engineer ahould moke and preaenre full note* in detail of all eueh aa may fall with! 
%la notion 
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If cut 114 times as lone as this table, they will be very approximately 8 ins 
wide at ends; or each will on top curve 4 ins. 


Art. 5. In caaes where all nowMible headway is essential 

during the building of the arch, as in tne two foregoing ones, the writer would 
suggest the expedient rudely illustrated by 
Fig 8; namely to nlaee the center** 
above the aren, instead of below 
it ; and after the arch is completed in sec¬ 
tions. a a, instead of lowering the cen 
ten-, to take them apart. 


ir 

ir i 

1 o | 

| a | 


' c 


Fig 8. 


Fig 8 is a transverse section through par 
of the center, and of the arch a a. Hen 


rc,rc,rc, are frames of the center say Sort 1 
ft apart; and of any depth and construction 
whatever that may he necessary to insure absolute safety; and 11 is the lagging 
Having built the arch from abutment to abutment in a series of sections a, a, a, ne¬ 
cessarily separated say a foot or more by the deep iratnes, we may take the centers 
apart, and then fill in the narrow intermediate sections upon a lagging sustiended 
by iron rods from the already completed sections Good concrete might be used 
for these narrow sections. In some cases it might he well to use deep plate- 
iron riba of I section, resting the lagging on the lower flange Part of the 
web might be left remaining embedded in the masonry, and the upper part and 
both flanges removed after the arch is finished. 


Art. 6. Center** with hor chords c c Fig 9 are objectionable (notwith¬ 
standing their strength ■ in large spansof great rise, as on right side oi the Fig, on 

account of the excessive length 
required for the web members; 
and hence it will in such chm>s 
usually be found expedient to 
adopt something analogous to 
what is shown on the left hand 
of the Fig Here a truss j\ shorter 
and shallower than that on the 
right hand, is substituted for the 
latter. At its ends provision must 
be made for supporting not only 
itself, but the archstones below 
it. As the pressure of these low¬ 
er archstones is comparatively 
small, this may usually be effected 
by resting the end of the frame 
f upon another and shallower frame o a. This may in large spans be aided by 
either inclined or vertical struts, either single or braced together; or as the trestles 
on pl037 Sometimes one shallow truss like f is sustained upon another truss 
throughout Its entire length. The striking-wedges for these various supports may 
be placed at either their tops or their feet, as may l*c most convenient. 



Art. 7. For flat arches of 10 feet clear span, a mere board o u 
Fig 10,12 ins deep, by 1.5 ins thick, with another piece r of the same thickness 
' on top of it, trimmed to the curve, and con¬ 

fined to no by nailing on fwo cleats of nar¬ 
row Imrd, will answer every purpose with 
intervals of 18 ins from cen to cen. If the 
upper piece also is as much as 12 ins deep at 
its center, the clear spun may lie extended 
to 15 ft. 

For spans of 10 to 15 ft, and of any 

rise, two thicknesses of plank from 1 to ? Ins 
thick according to span; 8 to 12 Ins wide at 
middle of each piece, in lengths as per table, Rem 2, Art 4, well nailed or 
Mplked together, according to span, breaking joint as In Fig fi, will answer for 
distances of 2 to 3 ft apart, cen to c«n. For greater dists apart increase the thick¬ 
ness of the planks proportionally. 

If the centers have to be moved from place to place, to serve 

for other arches, then, to preserve them from injury in handling, their foot should 
be united by nailing on one or both sides of each frame a chord piece of about l s 
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Inch board, and also a vertical piece or pieces of the same size from the center 
of the chord to the top ol the frame. / 

Even when they are not to be moved. I he chord piecas are useful 
even in so small spans, inasmuch as they render the striking easier, by not allow¬ 
ing the feet of the rihs to give trouble by spreading outward and pressing against 
tlie abutments 

For Npans of 15 to 30 ft, and for any rise not less than one sixth of the 
•-pun, the following dimensions, varying with the span, may he used for distances 
apart of It ft from cen to eon 
See Fig 11. For Hip bow t>, 
two thick lieges of 1 to 2 inch 
plank Irom 9 to 12 ins wide 
at the middle, and from 7 to 
lu ins at each end, well spiked 
togetlier breaking joint as at It, 

Fig ti. For the chord c, two 
thicknesses of plank of same 
size as the how at its middle; 
placed on outsides of Ikiw, ami 
well spiked to its ends A 
vertical v. in one piece as 
wide as a bow plank, and twice 

as thick It-* top is placed under the bow, and is confin.xl to it by two pieces, o,o, 
ol bow plank twice as long as the bow plank is deco, and spiked to both v and the 
how. The loot of v passes between the two thicknesses of the chord c, and is 
spiked to them. Two oblique lic-atrut*. s, each of two pieces of bow 
plank, outside of the Ih»w and vertical r; footing against each other; and spiked 
to bow and v These with v divide the Ikiw into 4 parts. 

Rem. 1. The above dimensions are suitable to a rise of one sixth If the 
rise is one lourth. the thickne** only of the planks may be reduced one third 
puit; and tor a rise of one third or more, we may reduce to one half. 

Rem. 2. If in the larger of these spans the struts s should show any incli¬ 
nation to bend sideways, nail on some pieces t from frame to frame. Also iu the 
larger ones with rises exceeding one third, insert four double struts s, instead 
of two; thus dividing the how into 6 parts, as at left side of Fig. 11. For spans of 
25 to 35 ft, add also two struts like a a, of same size as v. # 

Art. 8. Fop spans greater than about 30 ft, the writer believes 
that as a general rule (liable to modifications according to the judgment of the 
engineer in charge) the following ideas will lead to safe practice. Namely,to 
adopt a bowstring truss with a simple Warren or triangular web, as at f on the 
left side of Fig 9. The bow to rest on the chord, aud each to be of a single thick¬ 
ness. The web members (csjkx ially in large spans) to bo also of single thickness, 
and placed below the bow, resting on the chords, aud well strapped to both, so as 
to act as either tics or struts. In smaller spans the wel> members may each be in 
t w o thicknesses, one bolted or treenailod to each side of the bow and chord. Other 
modes will suggest themselves; but wo have not space for such details. 

Or a web of the Howe, or of the Pratt system, asnn the right side of * lg 9 may be 
used. Hut in reference to both of these it may be remarked that I he u»e of 
lonir iron rod* in center* of large spans is highly objectionable, owing 
to the different rates of expansion between iron and wood, lherefore if these 
vstems are useo. all the members should be of wood. The lattice may be used 
* Even when the rise of the arch exceeds .25 of the span, it is better not to lo 
that of the center* exceed that limit; but adopt the expedient shown ai 
the left side of Fig 9, with a ri->o of about one six.n ol tlu* span. 

Rem. I. To iix on the number of web triangles m a Warrei 
truss or frame for a center, hud the square root of the span, aud to it add on< 
tenth of the span. l>ivide their sum by 2, and 'all the quotient n. Divide th< 
span by n. If this quotient is a whole number use it; or it the quotient is partlv 
decimal, use the whole mimticr nearest to it, as a distance iu feet to be stepped off 
along the chord; thus dividing the chord into a number of equal parts. All tlu 
points thus found on the chord, are the places for the feet of the triangles 
Next, from half wav lietween each two ot these points, draw vertical lines to thi 
bow. The points thus found along the bow, are the places of the tops of th< 
triangles. This rule will l»o used in connection with the tollowing Table of Area 
ot Hows, as the two are dependi ut on each other. 

Ill large arches the timber of the bow *liould not be wasted b; 
trimming its upper edges to the curve of the arch, but should be left straight; am 
separate pieces so trimmed, like c iu Fig. 10. should be spiked on top of them. 
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The transverse area of the bow, iu square inches, may be taken from 

the following table: and may in practice be assumed to be uniform throughout 


TABLE FOR BOWNTRINti CENTERS. 

Table of area** in square inches at the crown of each Bow, of properly 
trussed Bowstring frames for centers of stone or brick arches. The frames to 
be placed 5 feet apart from ce» to cen. With those areas, the combined weights 
iof arch, center (of oak), and lagging, will in no case in the table strain the Bow 
’at crown of the greatest spans quite 1000 ll>s per souare inch; diminishing grad¬ 
ually to 600 or 700 lbs in the smallest spans, which are more liable to casualties. 

Although centers of moderate span are usually made of white or yellow 
pine, spruce, or hemlock, all of which are considerably lighter than oak, we have 
tor safety assumed them to be of oak, iu preparing our table. 

For spans of from 10 to 20 feet use the same sizes as for 20 feet. 

i (ingiual. 





Rise in part* of the Span 




.5 

.4 

.35 

.3 

.25 

.2 

.15 

.1 

Span 

in feet. 


Areas of transverse section of Row, 

in square inches. 


20 

14 

17 

19 

21 

24 

29 

38 

59 

25 

18 

22 

25 

28 

33 

40 

53 

80 

30 

23 

28 

32 

37 

43 

51 

71 

103 

35 

28 

34 

40 

45 

54 

64 

87 

125 

40 

84 

41 

48 

55 

65 

77 

106 

150 

45 

40 

49 

57 

65 

76 

92 

126 

175 

50 

47 

57 

66 

76 

89 

107 

146 

203 

55 

53 

64 

75 

87 

102 

121 

166 

233 

60 

60 

73 

85 

99 

115 

135 

187 

263 

65 

68 

81 

95 

110 

129 

151 

209 

294 

70 

75 

90 

105 

122 

143 

168 

233 

325 

75 

83 

99 

115 

133 

157 

184 

256 

367 

80 

91 

108 

125 

145 

171 

201 

279 

390 

85 

99 

117 

136 

157 

185 

218 

302 

423 

90 

108 

127 

147 

169 

199 

235 

325 

«7 

95 

115 

136 

158 

181 

214 

252 

348 

490 

100 

123 

146 

169 

194 

229 

270 

372 

524 

no 

133 

166 

191 

219 

260 

307 

420 

592 

120 

155 

187 

213 

246 

291 

345 

470 

660 

180 

172 

208 

•ai 

274 

323 

384 

520 


140 

190 

230 

263 

303 

357 

424 

572 


150 

209 

252 

289 

333 

393 

466 



160 

229 

276 

315 

365 

480 

509 



170 

250 

299 

343 

399 

469 




180 

272 

823 

873 

435 

511 




190 

294 

347 

408 

472 





200 

318 

372 

485 

509 






Rem. 2. The souare root of any of these areas gives in inches the side of 
p square bow of that area. The distances apart of the triangles which form 
the web of the frame, having first been found by Hem 1 (for said Hem and this 
table are dependent on each other), the above areas for bows 5 ft apart from ceu 
to cen, suffice not only to resist the pressure along the bow, but also, as square 
beams, to sustain with a safety in no case less than about 5, tbe load or arch- 
itones resting upon them between the adjacent tops of two triangles • and with 
rery trifling deflections. It is therefore unnecessary to deepen the ribs for that 
[wrpose: although it may be done (preserving the same area; iu case consider- 
itions or detail should render it desirable. 

Aa before suggested, it will generally la* best, in spans exceeding 30 or 40 ft, to 
rive the bow arise not exceeding about one fifth or one sixth of the span ; and 
to support the frames as at/, Fig 9. 

The sftse of the chord may be the same as that of the bow; and like it 
uniform from end to end ; care however being taken that it be not materially 
weakened by footing the bow upon its ends; or (when too long for single tim¬ 
bers) by the splicing neoessary to prevent its being sUis'cbed or pulled apart by 
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the thrust of the tow. When, however, the chord can be placed at, or a little 
below the springs of the arch, all danger of this kind may be avoided by simply 
wedging its ends well against the faces of the abutments. 

An to the slse of the web member*, when a bowstring truss is 
fully loaded on top of the bow, (as is approximately the case with a center 
and its archstones.) the strains on the web members are quite insignificant, and 
arise chiefly from the weight of the center itself; but while it is toelna so 
loaded, they are not only greater, but are constantly changing, not only in 
amount, but also in character—being atone period compressive, aDd at another 
tensile. j 

Hence it would be very tedious to calculate the dimensions of the web members! 
Fortunately the necessity for doing so is in a great measure obviated by the fact 
that a center being but a temporary structure, the timber composing it is not ulti¬ 
mately wasted if a greater quantity of it is used than is absolutely required. 
Moreover facility of workmanship is socured by not having to employ timbers 
of many different sizes. 

Hence the writer will venture to suggest, entirely as a rule of thumb, to »iw« 
each web member- half the transverse area of the bow, 


taking care to make each of them a tie-strut. 

Rem. 3. As to details of joints, we refer to the Figs on pages 786, 
736; merely suggesting here the use of long and wide iron shoes where timben 
are subjected to great pressure sideways. 

Rem. 4. To prevent the thrust of the bow when its rise is small, from split¬ 
ting off the ends of the chords, the two may be united by many more bolts than 
are employed in roof trusses, Ac, where only one is genei ally placed near each end 
of the chord. But they may when required tie inserted at intervals extending tt 
many feet from the ends. They should have strong large washers; and may hav< 
about the same inclination as the shortest web member. 

Another way of securing the same end in smaller spans, is by completely en¬ 
casing the two sides of the bow and chord, to a distance of a few feet from theii 
ends, in short pieces of board or plunk spiked to both of them, and having aboui 
the same inclination as just suggested for bolts. 

Rem. 5. Build up both aides of the arch at once, in order to strain the cen 
tore as little as possible. 

Rem. 6. When a bridge consists of more than one arch, and they are to b< 
built one at a time, there must be at least two centers; for a center must no 
to struck until the contiguous arches on both sides are finished, for fear of over 
turning the outer unsupported pier. Therefore if there are but two arches, the; 
must be built at once, requiring two centers. 

Rem. 7. Always use supports either vertical or inclined (and pro 
vided with striking-wedges) under the frames, and intermediate of the end sup 
porta, when possible; even if they can extend out but a few feet from the abut 
meats, as at the left side of Fig 9. ... 

Rem. 8. The weight of lar^e centers and their lagging is greate 
for flat arches than for high ones of the same span; and also approaches neare 
to that of the supported arch. ,, . , . 

Rem. ». Thickness of lagging. The following tabic gives thicknesse 
which will not bend more than an eighth of an inch under the weight of an; 
probable archstones adapted to the respective spans; and generally no 


TABLE OF LAGGING.— Original. 


Distance apart 


Span of center in feet. 


of frames, 

In the clear. 

10. ! 

20. 

50. 

100. 1 150. 

200. 

Feet. 

Thickness of close lagging not to bend more than 
Ins. 1 Ins. 1 Ins. 1 Ins. 1 Ins. 1 

% Inch. 
Ins. 

6 

5 i 

1 

2 iZ 

4’4 

3% 

Vi 5 

% 

5 M 

4 


2% 

2 V| . 

2K 2 K 

3 

8 

2 

8 

*8 

1* 

1% 2 

152 iVi 

2 

IX 


With thicknesses three quarters as great as these, the bending may Tew 
a full quarter inch; which may be allowed in dists apart of 3 or more ft. 

Rem. 10. Centers are framed, or put together, (like iron bridges) on 
firm, level temporary floor or platform, ou which a full-size drawing of a frame 
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Irst made. As each frame is finished, it is removed to its place on the plan <* 
abuts. 

Art. 9. The WinHahickou Bridge of the Reading K R, at Philadelphia, 
has the arches of 6.') ft span. 23 It rise, 2s tt wide (arch*tones 3 ft deep, with diessed 
bed*, and joints, in cement mortar); with four cutstone piers 9.5 ft thick at top, mid 
from 5V) to 50 ft high. It contains about 15400 till) yds ol masonry.* F,licit center 
consisted of 7 frames or trusses of hemlock timber, of tho Bow-stung pattern, with 
lattice web-members; and as noaily as may be, oi the satin* span and 

#ise us tlie arches. They were placed 4.5 ft apart from center to center; and wen* 

supported near each end j. Fig 13 
|a tran-verse section to wale; by 
a hcmlook post 7 », 12 ins -cpuue. 
The bow was of two thii kne-ses 
55 ol hemlock plunk, 0 ins apart 
clear, in lengths oi hit, with their 
upper edges cut to suit the curve 
of the arch. Kadi piece w us 4 ms 
thick, hy43.5 ins deep at its middle, 
and 12 ins at it send-, These pieces 
did not break joint; hut at each 
Joint were four inch bolts, with 
nuts and wa**h**rt*, uniting them 
with diodes or filling-in pieces 
The bow, fib, footed on lop ol the ends of the choids f; and the angle burned by 
their meeting (seen only in a side \iew) was (for about 2 5 ti horizontal and 5 ft 
vertical! filled up solid with vertical pieces, to affoid a firmer base for testing tho 
frame on n ; beyond which it extends (in a side view . about 18 iiih. 

The chords /were of two thicknesses of 4/12 hemlock plank, Sins apart 
clear, and most of them in two or three lengths, hicukmg joint, and with tw " y* 
Inch bolts, with nuts and washers, at each joint, for bolting them together, and to 
ailiug-in pieces. Tho web member* of cadi frame were 2 d i.ittucs, n, ,»f 
3 X 12 inch hemlock, crossing each other about at i iglit angles, at intervals of about 
3.5 ft from center to ceuter.and passing between the two thickne-es/>/»of the bow, 
and//of the chords. A few of the lattices were in two lengths, and the joint-were 
not at the crossings. The lattices were connected at eu< h c rising by two hard wood 
treenails 9 ins long, and 2 ms dmm; and one such, IS m- long, passed through tie- 
intersection of each end of a lattice with a how or chord The first lattice foots 
about 4 ft from the end cf a choid. They do not extend al*ove the top of the bow 
All the spaces betweeu the two thicknesses of bow oi chord, where not occupied by 
the ends of lattices, were completely filled by chocks, well .-piked. 

Each frame contained about 360cub ft of timber; uud weighed about .* 
tons. They were very flexible laterally until in place, and braced together by 4 
transverse horizontal planks spiked to their chords; and by 5 others above them, 
spiked to the lattices. 

Until the keystones were placed, all the joints of the frames continued tight, under 
Hie pressure from the arch, and from the unfinished ba< king to the height ot about 
t4 ft altove the springing line; hut after the keystones were* set. all the joints of the 
eho r ds alone opened from .25 to .75 oi an incli; and at the same tune the lagging mi* 
2erthe/iaunc/i«ofthearcheKliecameslightly separated from thesoflit of the masonry. 

Each renter Hank but a full inch at the middle, unde r the pressuu* from 
the arc h and 14 ft of backing. 

The portion of the bridge above the piers was about two thirds completed before 
the centers were struck. 

There wan one wedjpe w, w, (32.5 ft long, of 12 X 12 Inch oak) under each 
rad of a center. It was trimmed to form 7 smaller ones w, w, each 4.5 ft long, and 
lapering 7 hiH; one under each end of each frame /. They played between t.ipered 
ikuks a, a, of oak, 2 ft long, 1 it wide, let 1 inch into tho cap c, or into the piece w. 
ra which last the frames /,/, rested. The sliding surfaces were well lubricated w itb 
allow when put In place. 

The wedge* were struck with case, at oue end of a center at a time, by an 
»k log battering-ram 18 ft long, and nearly aft In dlam, suspended by ropes,and 
iwung and guided by 4 men. They generally yielded and moved several inches at 
he second blow with a 51 or 4 ft swing. Although each wedge* was loosened entirely 
rlthiu 2 or 3 minutes, thus lowering the centers very suddenly, yet on account of tbs 

• Tbit bridge, flniahed without accident, In 1882, reflect* ranch credit on the 1st* William Lorene, 
Req, Oh. Eng; on Mr. Oharle* W. Kunhbola, Assistant lu Cherg* • and on the skilful and energetic 
Smirnctors, W'illlam k James Nolan, of Reading, Penns. I beec last most ouriliallr tuuUted Ur 
enter Id «v*klu« oWrraUou* durlug tho enUre orogreas ot the work. 
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good character of the masonry, not the slightest craca of a mortar joint could aftea 
wards be detected in any part of the work. After three days the average sinking or 
the keystones was only .35 of an inch; the least was the greatest >£ot an 

inch. The heads and feet of the posts p compressed the hemlock caps C, and the 
Bills, alsiut % of an inch each, showing that for arches of this size the caps and silla 
bad better 1* of some harder wood, as yellow pine or oak; although probably the 
eompreesion was facilitated hy the large mortices, 3 by 12 ins, and 6 ins deep. 
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TIMBER DAMS. 


Primary requisite*, iu the erection of dams, are, a foundation suffi- 
rfently firm to prevent them from settling, and thus leaking; the prevention 
»f leaks through their backs, nr under then bases; and the prevention of wear 
jf the bottom of the stream iu front of the dam, by the action of the tailing 
rater. For the first purpose, hard level rock bottom is of course the best; and 
ihould be chosen, if possible. In that case, thick planks,//, Fig 6, (single or 
double, as the case may be,) closely jointed, and reaching from the crest, c, to 
the back lower edge w , (where they should he scribed down to the rock;) with a 
good backing, 6, ot gravel, will suffice to prevent leaks. Gravel, or rather very 
gravelly soil, is far better than earth for this purpose; for if the water should 
chance to form a void in it, the gravel falls and stops it. To prevent ibis hat k- 
ing from being disturbed near the crest of the dam, by floating bodies swept 
along by freshets, a rough pavement of stones, about 15 to 18 inches deep, as 
shown in Fig 7, should be added for a width of about 10 to 20 feet: or until its 
top becomes d to 5 leet below the crest c ol the dam, according to circumstances- 


c 



In Fig l,(a dam on the Schuylkill navigation,) the upper timbers, e, are all 
olose jointed, and laid touching, so as not to require planking in addition. 

But if the bottom of tiie stream is gravel or earth, there must in addition to 
these be used two thicknesses of sheet piles, p. Fig 2, Ac, close driven, breaking 
joint, to a depth of several feet, to prevent leaking through the soil beneath 
the base of the dam. Frequently but one thickness m used. If the bottom is 
soft or open for a depth of only a few feet, it is at times better to remove Jt, and 
base the dam on the firmer stratum below ; still, however, using the Bheet piles. 
Old decayed timber and other rubbish should be removed from the base. In 
very bad soils of greater depth, it may be necessary to support the dam entirely 
upon a platform restiug on h aring piles. Here great precautions are neces¬ 
sary against Icakfl; but the case occurs so rarely, that wc shall not stop to con¬ 
sider it. 

As to the wearing away of the bottom of the stream by the water falling over 
the front of the dam, precautions should be used in all cases except that of very 



card rocx, or of medium rock protected hy a considerable depth ot water. The 
dam, Fig L was built upon a tolerably firm micaceous gneiss in nearly vertical 
strata, oovered bySabouta feet of water iu «rd inary stages. In 89 yeart t rock was 
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worn away lu front of the dam. aa shown In the fig, to the average depth of 3 feet; or very Dearly ) 
tnoh i>er year. The depth of water on the crest c, »m> usually from 6 to IB itu , rarely e or 8 ft dur¬ 
ing freshets, and but a few times during the whole period, 8 or 8 ft. 

At Joneti'a dam, on C'»p«Fear River; height of dam, 16 ft; front vert; 
fall usually 10 ft, iulo6 ft depth of water, the soft shale rock, in vert strata, was. lu the oourae of 
a few years, worn away IB ft, aud the darn was undermined to such an extent as to tall into the cavity 

In another case, dam JO ft high , front vert; the water falling upou uearly tert strata of hardsbaia 
tock, usuallv covered l»y buuabout 2 rt of water. In atsiut 20 tears wore it to an Irregular depth of 
from 10 to 20 ft, aud extending from the very face of the dam, to '0 or HO ft In trout »l It. 

In Fig 2, upou a stream subject to very violent freshets, the gravel was washed away lor a oonsld 
treble width and depth beyond the apron, as at A. To prevent a repetiuou, the cavity waa tilled 
with cribwork full of stone, clear across the river. 

A deposit of blocks of loose stone, of even 
a ton weight or more, will not serve as a pro- 
tectum in front of a dam exposed to high 
Fig. 3. freshets, but will soon be swept away. A| 

common precaution against this wear, in low 
darns, is an apron, an, Fig 2 , or d d, Fig 3; 
of either rough round tree trunks, or of hewn 
timber, laid close together; extending under 
the entire base or the dam, aud from 15 to 30 
ft in front of its face. These are sometimes 
bolted to pieces, «*, Fig 2, or yy, Fig 3; laid 
under them across the stream, lu Fig 8, 
with very soft bottom, these piooes yy an 
t supposed to be bolteu to short pileB 11, driven 
for that purpose. 



At times a distinct wide low timber crib, Ailed with stone, and covered ou top wltn stout plank 
has been placed in front of the dam. to receive the fall of the water, aud is effective In protecting 
the bottom Also in some en.es, a dam of lass height, anil of cheap character, has beeu built at a 
short distance down stream from tbc mam one, in order to secure at all times a deep pool in front 
of the latter for breaking the force 



Another precaution Is to 
substitute a sloping Trent like 
el. Fig 4. or such as Figs 1 
and 2 would form ir reversed, 
for the nearly vert one of the 
other figs, thus to some extent 
reducing the force of the wa¬ 
ter. This, however. Is but a 
partial remedy, especially 
for soft bottoms in shallow 
water, for the sliding sheet 
still descends with great force. 
The beat form of dam. per¬ 
haps. in such cases, is that 
shown in Fig 5. in whioh the 


front consists of a series of steps of 


-— r i about 1 vert, to S or 4 hor. These ef- 

/ -• r , tapflltSi fectnaUv break the force of the water, 

_gffifWW.-' and. with the addition of an apron oo. 

- secure a satisfactory result. It i* oh- 

1 . * '■ ^ jeered against this form, as also 

viif it I) against Figs 4 and 6. that their fronts 

* ’ UF are liable to la* torn by descending 

trees, ice and other bodies swept 
along during freshets, but experience shows that this objection has hut little weight. for when such 
bodies ,mss. ihc Sheet of water is thloker than usual; and protects the front timbers. On the Soft 
Vav, the timbers rt, Fig 6, scarcely wellr th,n 111 th0 rate of au inch “ 0 t0 10 J®*”’ 


VL 













S44 


SAMS. 


•Stems; 

■hi j W 




User, funning tn plan a eerie* of rectangle* with Hide* of about 7 to 12 ft- They art not roteneg 
together, but elinply bolted by 1 inch square bolt* (often rugged or jagged i about 1 1* * • I et loog. 
trough two timbers at every intersection. These are not found to rust or w.ar arriuus; vwhe, 
imposed to a current. Square bolt- bold best. Round log* are flattened wneie they lie upon fan# 
Other. Experience shows that firmer but more expensive connection* ate entirely unnecessary. In* 
enbs are usually, but not always, tilled with 
rough *toue. in triaugutar dum*. dispoaed 

as tn Figs 1, 2, and 7, this stone tilling i* - - 

not so essential as in other forms , because 
the weight of the water, aud of the gravel 
backing, tends to hold the dam down on its 
base. Still, even in these, whan the lower 
timbers are not bolted to a rock bottom, or 
otherwise secured to place, souse stuno may 
be uecesBary to prevent the timbers from 
flouting away while tbe work is unfinished, 
aud the gravel uot yet deposited behind it. 

On rock, the lowest timbers are ofteu bolted 
to it, to prevent them trom floating away 
d unuy ctrs it Cruel ton. and when the water 
is some feel deep, this requires cofler-dam* Or. the cribs may be built at first only a few feet high; 
then floated into place, and sunk by loading them with stone, for the reception of which a rough 
platform or flooring will be reqd in the cribs, a little above their lowest timber* The hulling to the 
rock may then be dispensed with The water may flow through the open cnbwork us th< building 
higher goes on ; attention being paid 10 adding stone enough to prevent it floating away if a freshet 
should happen. Or, cribs shown in pluu at <•< . Fig H. loxdiil with 
stone, may be sunk, leaving one or more intervals like that at uooo, 
between them, for the free escape of tbe water. These openings to 
be Anally closed bv floating into them closing cribs shaped like n 
Tbe workmanship of a dam in deep water can of couise l>e much 
better executed in coffer dams, than by merely sinking cribs The 
joints can be made tighter the stone filling belter pacKrd: the shn t 
nilluif tnoie thi'iii |i|.ed. Ac 

Whin a vi ry nm ic»> rock botti.m in deep water, or the introduc¬ 
tion of sluices in tbe dam. or anv other con«idciniinns, make it ex¬ 
pedient to build darns within coffer dams, both should be earned on 
in sections; sons to leave part of tie- channel-way open for the es¬ 
cape of the water Commencing at one or both shore*, thi lii«t *e< lion of the r. fter dam mm r-uch 
•ay quarter way or more ucri.sa tl • stream In the section of the dam itself built within tin- enclos 
Ing cofler-dam, ample • Ibices should be left for the water to flow through when we come to build tbe 
.MMiny section of the coffer dam. When tbe dam has been finished, these eludes may be closed 
by drop-timbers*. Befoic removing one section of coffer dam, tbe outer end of tbe enclosed 
•ection of dnm itself most be firmly finished in such a manner as to constitute a part of the inner 
end of the next section of cofler dam. It i* impossible to give details for every contingency , the en 
gineer must rely upon his own ingenuity to meet the peculiarities of the cast »h fore him In mini 
eases of shallow water, mere mounds of earth may answer for coffer dams, or rough stone mounds 
backed with earth or gravel 

After the water has passed beyond tbe crest, c In the figs, there is no necessity for preventing it* 
leaking down among the crib timbers • on tbe contrary, tbe thi< k -heeling planks, (or squared tim¬ 
bers, as occasion may require ) el. Figs 4 snd t» w Inch form tbe ‘lopes along which the water tbeu 
flow* in some dams, are usually not laid close together, but with often joint* of about H inch wide be¬ 
tween them, for tbe express purpose of allowing part of tbe water to fall through them, so as tc 
keep the timbers beneath them partially wet w liicb, to some extent, renders them more durable. In 
Figs 1, 4. 6, and 7, the water of the lower pool flows freely back among the crib timbers, and rough 
quarry stones with which the cribs arc Oiled either partly or entirely In Figs 4 and 6, these stones 
are not shown. In the dam, Fig I, none were used. In Fig 2 they were as sbowu. 

A substantial, and not very expensive dam or the form of Fig 7. iur« be built o' rough stone In 
eement. Some hewn timber* should be firmly built borlruDtally Into ie masonry of the sloping 
back cn ie. at a few feet apart, with tbelr tops level with the surf of the masonry. To these must be 
well spiked close-jointed sbeeting-plank ewte. for protecting tbe masonry from »be action of th« 
tater, and of floating bodies The gravel backing 6. may be omitted , but tbe sheet piles p, and an 
tpmn in front of the dam, will be a* Indispensable in j ieldlog soils, as ir the dam weie of timber 
Figs 1, 2. 4, 6, and 7, are sections drawn to a scale, of existing dams in Pennsylvania, that have 
stood successfully the force of heavy freshets for a long series of years * These freshets «times carry 
along large bodies of Ice, trees, houses, bridges, Ac , and have risen to II ft above tbe crest*. Fig 1. 
on tbe Hch Nav was built in 1H19. and served perfectly for W tears, until in IHfih the deesy of much 
of it* timber, especially of the close-laid lop one*, e. rendered it iweewarv to build a new ooe just in 
frootof it. It was of cxtremelv simple construction , and was never filled with ■tone. The bottom tlm 
hers. oo. 10 ft apart, were bolted to the rock • aud immediately over each of them, was such a aeriese f 
inclined timber* as is shown in the fig. The lop ones, e. however, were close jointed und laid touching 
so as to form the top sheeting, instead of thinner planks. The «h«rt pieces at l were l»H In the isirn 
way. No coffer dam was used . but the bottom piece* were first bolted to the rock . 10 ft apart. then 
the stringer* and the sloping pieces were added. Th* close covering («) w»s carried forward from 
each end of the dam, until at last • space o' only about 00 ft was left In the center, for the water to 
pas*. The close oovering for tbl* space being then all got ready, a strong force of men ws* set to 
work, and the spaoe was covered so rapidly that tbe river had not time to rise sufficiently high to 
impede tbe operation. 


* Timber* ready prepared for closing an opening through which water Is flowing; and suddenly 
dropped into plane bv means of groove* or guides of *ome kind for retaining' them in position. Bev 
era! inch Umber* may at time* he flrmlv framed together, and then be all dropped at once; chain* 
the opening or sluloe atone operation, especially whan it 1* nf small alae. In aome case*, a crib 
■V b« sunk on the ip stream side of such an opening, for closing It. 

T Those on the uchnylkill Navigation were obligingly furnished by Jana* F. Bmllh. Esq. chief 
mgjiDeer and superintendent of that work. Other valuable Information from the same aource will 

• found in different parte of this volume. 
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Ku 2 W a o»nal toiler dam on the Juniata, here • • are timber* stretching clear across the stream, 
Kih..ni uk) ft. i anti s'lhtoiuiag the ajtrou au, of stout hewn tnuberit laid touching. Thu dam waa lilted 
with ntoiie. fin tl\o retention of which the from sheeting pluukt* wcie ad'ieti. 

Kik h m ou the Sch Nav , was built lu IlCu It !•* a fmiu much approved of on that auric, for such 
,1111 iiiotiH, namelv, tlrm rock fonudutiuii, with a cousldorahle depth of water m flout. The highest 
■t vtu M fit ou the Sch Na\ . u urv similar i« it, limit ui liul. All the dams ou turn work are of 
in «n umber, elneliv whtu* amt veiluw pine. The water oeea'ionally rum Iroiu H to 12 feet deep over 
•h< ir crests, and then oveiHows ami MiirounU many of the abuts. The vertical back allows the 
ourtlowing water to leak down among all the lower Umbers of the dam, and thus tend to then 
preservation 

i ir 4 shows the darns on the Mouougahcla slack water navigation, W. Miluor Roberts, eng. Thej 
are of round lugs, with the bark on, Hat toned at crossings. The lougest oues iu the fig are 10 feq 
apart along the length of the darn Experience allows that mi eh dams possess all the strength nccea 
,-,ary for violent streams. On rock, the lowest timbers are bolted to it. 

Fig 7 has been successfully used to heights of 40 ft * 

Fig I is intended merely as a hint for a verv low darn ou yielding hottoiu Its mam supports are 
pile- 11, from i to s ft apart, iiceonling to the height of the dam, and othei cucuui-*uiircs, and tl 
an- short piles for sustaining the apron dd It mat lie extended to greater heights by adding braces 
iu from . which may Ik* covered liv stout planks to imiu an lucbned slide for the overtoiling water. 

M mv efleciive arraugements of piles aud sloping limiters for dams on soft ground, will suggest them* 
s 'Ives in the engineer Thus, al intervals o| sever il feet, rows of If or more piles may be diivuu traus- 
verselv of the dam . the top of the outer pile ol each row being left at the intended height of the crest, 
while those lielnud are sm is*s,ivelv dmeu lower ami lower, so that w lieu all are ufterward con- 
uccud by nuiisverse and longitudinal limbers and revered by spun planking, aud gruel, they will 
form a dam snuiewliat of the triangular form of Fig 7. It would be well to drive the piles with an 
.ncliuaUoo of their tops up stream 

1 here is much scope for ingenuity both in designing, and In constructing dams under various cir* 
i* misiatices . and in turning th * course of the w.i'erfrom one channel to another, by means of ditohes, 
pip**s, or troughs. Ac , st diff heights, aided at limes bv low temporary d ims or mounds of earth, ar 
»r sh*vt piles, Ac, or hv coder daius. so as to keep it away from the part lieitig built Each locality 
w ill have its peculiar features. ami the engineer must depend on his judgment to make the most of 
'hem 

Abutment* of dam* ns a general rule should not contract the natural 
adtli of the sire tin , or. if thev must do so as little as possible. lor commotions increase the height, 
nl vinl'Miuo of the overflowing water in time of freshets , during whirh a great length of overfall is 
s*i , uliv desirable Tlicv shnuld be vrv tirmly eouooePsl with tin* ends of the dams; and should, 
tin section of the valley admits ot It In* so high, ami earn-d so fur inland tliut the high water 
I’tieshets will m>t sweep cither over them, or around their extremities, ami thus endanger under 
inning, and destruction. In wide, tint vtilers they cannot be so extended without t*> much ex 
nis** ml tin* 'iiiIt alternative is to fount them <■> d •■‘plv and sec tire It as to withstand such 
■rtiou, making th»ir height such that thev will, at least, tie overflowed but seldom Their ends 
adjacent to tlie dam should Is* rounded oft, so us in f tcilipin* the flow of the water over the crest 
I hot are best built of large stone in cement. for although sufficient streugth may bs secured bv 
t mlier. tint tu.ueri.il decays rapidlv In such exposures. If or earth only, they arc very apt to be 
earned away if a froshet should overtop them. 

Nluice* nhonlfl be placed in every important dam. in order that 

all the water may t>e drawn off if necessary, for the purpose of repairs; or or removing mud deposits ; 
or timitng lost articles of Importance, Ao Thev mav be qeirlv strong boxings, with floor, sides, and 
ti p of squared timbers, ami passing through the breadth of the dam, just above the bottom. To pre¬ 
vent trees, A<*. from entering and stinking fast In them, some kind of strong screen 1* expedient. In 
1‘onpmin cases a sluice should not sxcscii about .'I'i ft by ft in cross section ; otherwise It become* 
bard to work Two or more such openings mav be used when much water is to lie voided. Thev 
should be near the abutments. The gates or valves for opening nud shutting them, should be at th» 
up stream end; for if at the lower one. accumulations of mud. Ac. will HU the sluices, aud prevent 
th»m ftom working They are usually ol timber. and slide vortical'* in rebates, being raked ano 
lowered bv rack aud pinion. hut In von mipoitant dams thev iuh* iei.f,ao inm Twosetsof sluice* 
xr- I* 'irablc that one mav be always res Iv for use If the othe- is stopped for repairs 

The pm of the aprou in front of the sluice should be particularly Arm, so as not to be deranged by 
In* tatcr nulling out under a high bead. 

In dams of masonry anti of concrete, if the shores are of rock, tin* plan i. 
frequently given the form of a flat arrli. convex up-stream. By thus utilizing 
the hank’s as abutments for the ^horizontal) arch, material reduction of the 
volume of iiiatet mi in the dam may properly he effected; hut, unless the hanks 
are of rock, they afford hut imperfect abutments for the ardh; and they are 
exposed to wear by the current thrown against them at its ends. 

A dam, built obliqnelv arroaa a stream, will have less depths of 
water upon its crest than one built normally to the current, and will therefore 
flood adjacent country to a less extent. Other things equal, the less the slope of 
the stream, the fuither will the flood heights extend up stream. 


* Coat of crib dams. With common labor at 81.60 per day ; lumber, |20 
per 1000 ft. board measure, delivered ; stone for filling, 81 tier cub. yard ; gravel 50 
cents per cub. yd.; iron for bolts etc., 2cts. per lb.,—euoh dams in shallow water 
usually cost, complete, J2.4* to 88.24 per cubic v* r d of crib. 



646 


DAMS. 


Figs. 9 and 10 are «lenigu« for anmll mens tiring weirs, suitable for 
shallow streams up to say 1(M3 feet wide; Figs. 9 for earth or gravel bottom, and 
Figs. 10 for rock. 

In the former, the 8 X 10inch hemlock sills S, and S 3 are first laid across the 
bottom of the stream, which is trenched where necessary , care being taken to 
lay S, in a true hue. The sills should extend say from 5 to 10 leet into each 
bank of the stream. Tongued and grooved sheet’piling 1*, of 3 X 10 inch hem. 



VigB, 9.—Measuring Weir on Earth or Gravel Bottom. 


lock, is then driven close behind the. upper sill S, to a depth of from two to four 
feet, and spiked to S,. A third sill, S a , of the same length as >, and S 3 , is thee 
laid behind the sheet piling, and the two sills S, and S, and the sheet piling 1 
are then secured together, as shown, by 1 inch holts, spaced about 2 feet apart 
The tops of the sheet piling project about a oot above the sills, and are stiffener 
by 4 X 4 inch timbers ir, bolted in from of them and resting upon the flooring 
/ of 2 X 10 inch spruce. This floo/ing, like the sills, extends several feet lieyond 
each end of the weir into the bank, and is there loaded to its full capacity with 
heavy stones. A ny spaces left underneath it by unevenness of t he bottom should 
also be leveled up with stones or gravel 

A 10 X 10 inch yellow pine post M, 3 feet high, i s tenoned between sill* ft, and 
S. at each end of the overflow, and braced by an g v to inch \ellow pine strut 
N, tenoned to it and to the sill % Heyond these posts the sheet piling 1* extends 
as high as the ton of the posts, and Is carried, at that height into the bank ; the 
tope of the piles being held in line by two 2x3 inch waling pieces u « bolted to 
them, one on each side. 

In Figs, in, the hemlock siil«,S, of 10 y in inch, and S, o/fi X 8 inch, rest upon 
a Portland cement masonry wall, of varying height to aecommodute the in¬ 
equalities of the rock bottom; and are secured to it by 1 inch bolts spaced about 
4 feet apart. These bolts pass down through the masonry, as shown, nnd a foot 
or more into the rock below. 

between the two siils are bolted uprights X 10 inch tongued and grooved hem¬ 
lock planks P, 1.1 inches long. At each end of the weir, a 10 X 10 inch yellow pint 
post M is tenoned between the sills, as in Figs 9, and built into the masonry 
ends of the darn, which last extend well into the hanks of the stream 

In both Figs, the crest-piece «, is of 2 X 8 inch oak, beveled so as to leave a 
horizontal top face V, inch wide. The crcst-piece is let in flush with the back of 
the piles or boards 1 , to which it is bolted, and is let into the end posts M about 
2 or 3 inches At low stages of water, the flow may be ronftnod to a portion of 
the length of the overfall by flash-boards placed along the rest of the dam. 

A crest-piece made of 8 X inch liar iron Is preferable to one of wood. It re¬ 
quires of course much less cutting away of the sheet-piling, nnd its upper edge is 
less subject to abrasion by drift passing over the weir. The top edge, and the abut¬ 
ting ends ot the several lengthy should be planed smooth ana square; the former 
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to insure a sharp inner corner at a for the water to passover, and the latter in 
order to avoid leakage. As a further precaution against leakage, a strip or butt- 
strap of 8 X Y* inch iron, about a loot long, may he let in, between the crest-piece, 
and the sheet jnlmq, opjxisite each joint ot the lormer, and overlapping both the 
adjoining ends, the piling being cut away X / A inch deeper at those points, in order 
to accommodate them. Such butt-straps, if placed ou the up-stream side of the 
crest-piece, would break the continuity of the sheet of water passing over the 
weir, ami thus interfere somewhat with the correctness of the gauging. (Such 
iron is obtainable in any commercial center, in lengths of about 16 feet. 8 X % 
weighs 6?^ pounds j»er running foot; b X Vh» pounds. 

All the joints should be caulked w itb oakum. To apply the usual weir formula 
(see Art. 14/, p. 548) the back of the weir should be vertical lor a depth p below 



Figs. 10.—Measuring Wttv on Sock Bottom% 


the crest a equal at least to twice the head H on the weir. It ts therefore better 
to protect the back of the weir by tarpaulin rather than resort to puddling, ex¬ 
cept cloee to the bottom. 

Tn a long weir with a low fall, it is difficult to secure a sufficiently free access 
of air to the space behind the falling sheet of water, especially when the stream 
is low and the sheet tends to hug the face of the dam. In such cases a partial 
vacuum * forms between the falling sheet and the face of the dam, and increases 
the discharge, thus vitiating the results It is therefore important, in designing 
measuring weirs, to arrange (as far as possible) so that the sheet of water may 
fall clear through the entire distance between the up-stream and down-stream 
levels without striking anv portion of the weir itself, for such striking would 
diminish the clear space behind the sheet and increase the difficulty of pre¬ 
venting a vacuum there. 


9 


* Such a vacuum causes the down-stream water near v\ Figs. 9, to rise behind the 
sheet. When the miefactinn of the aii behind the sheet has proceeded to a certain 
extent, the external air bieaks in and relieves the vacuum. Then another vacuum 
forms, and Sh in turn relieved, and so on, alternately. At such times it has been 
noticed that light bodies, such as chips, etc., floating in the down-stream water near 
tne ends of the weir, are drawn int-* the sjHice la-hind the sheet and earned toward 
the middle of its length, and then in turn ejected at the poiut where they entered, 
thus traveling back and forth along the space behind the sheet. 
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Tremblings in I>atns. l>ams over which the water falls in a long, 
smooth, unbroken sheet of considerable height, are more or less subject to 
tremblings, caused apparently bv alternate compression and rarefaction of the 
air by the falling sheet, esjieeiatfy in the space f\V. big 'Jb, p. 547) behind the 
sheet, where a partial vacuum is.often foinicd, because the air there is entangled 
in the falling water and given off again by it down si 1 cam in the 'bane of foam 

Such tremblings sometimes cause a tattlingol windows hull a mile or more 
away. We have known this to be stopped fin one ease uninteiitiouail} ) bv build¬ 
ing a well-covered wide crib aprou, a lew Joel high against the limit ol the flam, 
tor preventing the abrasion of the bottom. In other eases a series ol oblique 
timbers placed against the front of the dam, and part wav up it, at a slope of 
about. 1 1 to 1, and covered with plank, has been perflpetlv effective in stopping 
it In slioit, anv device which jdmitsalr more freely Indium the tailing sheet, 
or destrovs the continuity <>t the lattei (such as flash boards ol dilleient In ights 
or placed ai mtcivuN along the m*Mi. or which reduces its height and its con¬ 
tinuous length, ought to diminish or ohv late the* tiouble. 

The proper time for building (turns is ol emir-e at the longest 
period of low stage of water. 


Table of thickness of white pine plank required not to bent 
more than part of its oleur horizontal stretch, nndei 
different heads of water. (Original.) 
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Connamption of water. Owing largely to the proper extension of the 
nse of watt*i in dwellings, the quantity required in cities increases faster 
than the population. In other words, the per capita consumption increases. 

U»e. Abundant experience shows that a supply of 50 gallons for sav 7 cubic 
feet) per capita per day is abundant for till the needs and luxuries m well-to-do 
families in American cities. The mnuuf.u'tui mg consumption, of couise, bears 
no fixed relation to the population, lit cities it is geneially much less than 
the domestic* consumption. 

W’aMte. In A met lean cities, the waste often amounts to two or three times 
the quantity leaily used. Of the 116 gallons per capita pel dav, delivered in 
New York m 1699, Mr. Freeman * estimates that fiom 31 to 56 gallons were used, 
10 unavoidably wasted, and fiom 50 to 75 a\oidnbly wasted. 

In Philadelphia, investigations by means of the Iicacon waste-water detector* 
on 142 modem seven-mom, two-story dwellings, with bath, etc , on two inter¬ 
mediate streets, showed that, of 222 gallons per capita per day, furnished through 
782 fix tines, 192 gallons, nr 86 5 per cent, weie wasted, and only 80 gallons, hr 
13.5 per cent were u>ed. The City has built extensive works for the purpose ot 
pumping, filtering, conveying, repuiuptug, storing, ami distributing the water 
wasted, as well as the smaller quantity used. Of the total eost,f less than half 
would have sufficed for the water used and unavoidably wasted. 

Nonrccx of wa**tc. The waste is caused by heedlessncss; by allowing 
water to run to waste in order to pieuut it ftuiu freezing in winter and in order 
to get cooler water in Rummer; by leaky.and otherwise defective fixtures; by 
unsiispecicd leaks in mams and service pipes, etc. 

As a “guess, tem|H*ml by judgment,” Mi. Freeman* classifies the 5® to 75 
gallons jier capita per day, wasted in New Yoik, as follows: 

Leaks iu mams.10 to 15 gals per capita per day. 

“ service pipes. JO to 15 “ “ 

“ defective plumbing.15 to 25 “ *' “ 

Caieless and wilful waste. 14 to 17 “ “ “ 


The avoidable waste is usually perpetrated by a small fraction (say from one- 
fifth to one-thitd) of the population, tlu* remainder using water reasonably. In 
the Philadelphia case, above cited, of the 782 fixtures, 22 were found to be 
“ leaking slightly,” and 82 “ turned on continually.” 

Waste restriction. Water meter**. Waste is best restricted by 
making its avoidance a pent maty object to the consumer; ami this is best 
accomplished hy the use of the watei meter, at least on all services (domestic, 
industrial, and public) where waste is found to he going on. The meteis should 
l*e owned and maintained by the corjKiratum supplying the water. 

Minimum charge. In order to encourage the liberal */vf of water, while 
discouraging us msm/c, and thus avoid undue ecouomv ^tending to uneleanliuess) 
each eonsumer should he charged a iiiminuim peibslieal tate, sufficient to cover 
amply all the water he can possibly use and enjoy. 

Mr Freeman* estimates the average cost of domestic meters, for New York 
and Brooklyn, mostly 5-8 inch and 3 4 inch, with a tew of larger si/es, at §12.50 
each, and tlu* cost of installation l>v the city, vvoikmg systematically and on a 
large scale, at 82 50 each, or a total of 815.00 each He assumes “the average 
life of Mm ordinary domestic meter, of a good type, well eared for, and with 
occasional repairs and renewal of worn parts,” at '* not far from 20 years and 
annual expenses as follows : . , 

Providence, It I. New York. 

At mal, approx. Assumed. 

Interest on cost of meter and setting. fc0.50 80.45 

»>epreeintiou and renewal of meter (life assumed 

20 years). 0 75 0.75 

Maintenance and repairs, testing nod resetting .. .. 0 46 0./0 

Reading meters and computing bills. 0 4- 0 60 

Total annual cost, per metei. $2 13 82.50 


* Report, upon New York’s Water Supply, made to Bird S. Coler, Comptroller, 
ly John R. Freeman, Civil Engineer, 1900. 
t rim total cost approximates 830,000,000. 
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Free water for lire protection. Cities sometimes give to manufac¬ 
turers a free supply of water through special connections, to lie used for firf 
protection only; the manufacturer giving bond not to use such connection for 
any other purpose, and the city placing a meter on the connection for the detec¬ 
tion of any illicit use of the water for other purposes. 

Water for city use should not be drawn from the very bot¬ 
tom of the reservoir, because it will then be apt to carry along'the sedi¬ 
ment ; which not onlv injures the water, but creates deposits w itliin tin* pipes; 
thus obstructing the flow. In fixing upon the necessary capacity of a reservoir, 
this must be taken into consideration ; inasmuch as all the water below the level 
for drawing off, must be regarded as lost. When ciicumstanccs justify the ex¬ 
pense, it is well to curve up the reservoir end of th<* service mam, so as to pro¬ 
vide it with valves at different heights; for drawing off only the purest stratum 
that may be in the reservoir. With this view, the valve-tower gen¬ 

erally has such valves communicating with the water in the reservoir; and by 
this means only the purest is admitted into the tower: and from it, into the 
city pipes. This refinement, however, is rarely praiticable. Such valves must 
. of course be worked bv watchmen. 

Art. 1. Reservoirs. In important reservoirs of earth, for storing water 
to moderate depths for cities, experience appears not to sanction dimension* 
bolder than 10 feet thick at top; inner slope 2 to I; outer slope l’pu 1.* A top 
width of 15 feet to 20 feet, and inside slopes of 3 to 1, are adopted in some im¬ 
portant cases; with outer slopes of 2 to 1. Both slopes, however, are at times 
made only \V 2 to 1. The level water surface should he kept at least 3 or 4 feet 
below tli • top of the embankment; or more, if liable to waves. In a large 
reservoir, a quite moderate breeze will rais- waves that will run 3 feet (measured 
vertically) op the inner slope. A low wall, or clo«o fence, w, Fig 37, is some¬ 
times used as a defence against them. The top aud the outer slopes should be 
protected at least by sod or by grass. To assist in keeping the top dry, it 
should be either a little rounding, or eFe sloped toward the outside f The soft 
soil and vegetable matter should he carefully removed from under the entire 
base of the emhuikmenls; which should he carried down to soil itself imper¬ 
vious to water, in order that leakage may not take place under them. To aid in 
this, a double row of sheet piles, or a sunk wall of cement masonry, carried to 
a suitable depth Irchiw the bottom msiv bo placed along the timer toe m bad 
cases. If there are springs beneath the base, they must eiiher he stopped, or 
led away by pipes. The embankment should he carried up in layers, slightly 
hollowing toward the center, and not exceeding a foot in thickness; and all 
•tones, stumps, and other foreign material, such as clean gravel, sand, and dc- 
cornposed mica schists, Ac, that may produce leakage, carefully exclude!. These 
layers should be well consolidated by the carts; atid the easier the slopes are, 
the more effectively can this he done. The layers, however, should not be dis¬ 
tinct, and separated by actual plane surfaces; but each succeeding one should 
be well incorporated with the one below. This has sometimes been done by 
driving a drove of oxen, or even sheep, repeatedly over each layer; in addition 
to the carting. Rollers are not to be recommended, as they tend to produce 
seams between the layers. This might possibly be obviated by projections on 
the circumference of the roller. 

Gravelly earth is an excellent material, perhaps the best. The choicest 
material should l>e placed tn the slope next to the water; and should lie de¬ 
posited and compacted with Npemal care iu that portion, so as to prevent the 
water from leaking into the inalu body of the dam, and thus weakening it. It 
is not amiss to introduce a bench, 5. Fig 37, in the outer slope, to diminish 
danger from rain wash by breaking the rapidity of its descent. 

If the Imttom of the reservoir Itself is on a leaky soil, or on fissured rock, 
through the seams of which water may escape, it must be carpfully covered 
with from to 3 feet of good puddle; which,in turn, should be protected front 
abrasion and disturbance, by a layer of gravel; or of concrete, either paved or 
not, according to circitmstauces. 


* The writer suggests that a top width equal to 2 feet + twice the square root 
of the height in feet, will be safe for any height whatever of reservoir properly 
constructed in other respects. 
fSome engineers slope the top toward the ituid*. 
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Reservoirs constructed with the foregoing dimensions, and with care, 
remain safe for an indefinite period; but. where serious damage would result 
from failure, the following additional precautions should be taken. 
The inner slopes should be carefully faced up to tbe very top, with at least a 
close dry rubble-stone pitching, not less than 15 to 18 inches thick ; as a protec¬ 
tion against wash, and against muskrats. These animals, we believe, always 
commence to burrow under waier. If the slopes are much steeper than 2 to 1, 
this dry pitching will be apt to be overthrown by the sliding down of the soft¬ 
ened earth behind it, if the water in the reservoir should for any cause be 
drawn down rather suddenly. It, will be much more effective, but of curse 
more costly, if laid in hydraulic cement; and still more so if la*d upon a layer 
a few inches thick of cement and-jrav* 1 concrete; especially if this last be 
underlaid by a layer alwut 1'.;, to :t feet thick of good puddle, spiead over the 
face of the sloue; the great object being to protect the inner slope from actual 
contact with the water. If this can lx - effectually accomplished, slopes as steep 
as 1 Ijj to 1 will be perfectly secure; lor the danger does not arise fiom any want 
of weight of the earth lor resisting overthrow. Npecittl care should be 
be*toweil upon the inner toe of the alope. to prevent water from 
finding its way beneath it, and softening the earth so as to undermine the stone 
pitching. Near the top reference should l*e bad to danger of derangement by 
ice. frost, rain, and waves Flat inner slopes tend not only to prevent the dis¬ 
placement of the pitching; but increase the stability of the embankment, by 
causing the pressure ol tin* water i which is always at right angles to the slope) 
to liecome more nearly vertical, and thus to hold tin embankment more firmlv 
to its base than if these were no water behind it Sometimes the toes of both 
the inner and outer slopes abut against low retaining-walls in cement. This 
gives a i eat finish, and tends to preservation from injury. 

Manv engineers, in order to prevent leaking, either through or lieneath the 
embankment, construct a pumile-WHlI. //, Tig .‘17, of well-rammed imper¬ 
vious soil,'gravelly clay is the 
w, best.) reaching from the top 

_ _ . _ to several feet below the base. 

. 3 .-^ ' m, \ b Tliis wall should not l»e less 

than ti or 8 feet thick on torn 
for a deep reservoir; and 
should increase downwatd by 
utnd not by slopes or 
Fig. 87. batters* at the rate or about 

1 in total thickness, to 3 or -I 
in depth Other engineer' object to these puddle-wall*. arid contend that leak¬ 
age should iw' pi evented Uv making both the inner slojies and the bottom of the 
reservoir watei-tight.bv means of puddle, concrete, and stone facing in cement, 
as just alluded to. They argue that if the embank me tit is well constructed, it 
is itseli a puddle-wall throughout. 

\«*ar Kan Francisco, fal. are two earthen reservoir dami 

built about 18ot one !».> feet high. 23 on top inner -lope 2.7 v to 1, outer 2.5 to 1. 
The other l»:t high, 25 on top, inner slope 3 5 to 1. outer .! to t. Tn each the pud¬ 
dle-wall is carr ied 47 feet deei*er than the base, No stone facing. 

It in <1 iftioult to prevent water under hiftii pressure from 
lindinK- Hm way throng-li considerable distances along; seams 
where earth is in contact with smooth ro* k, wood, or metal; as, for instance, 
a'ong the surfaces of iron pipes laid under reservoir embankments; or along 
the tie-rods sometimes used through tbe puddle of coffer-dams; and the same 
is apt to occur under the bases of embankments which rest on smooth rock, 
Special can* should lie taken that the earth used in such positions is not of a 
porous nature; and that it is thoroughly compacted all along the seam; and the 
straight continuity of the a -am should l>e interrupted or broken as frequently 
as possible by projections. Faucets or flanges do this to a limited extent in the 
case of iron pljies; and something similar, but on a larger scale, should at short 
intervals be constructed in the shape of collars or yokes of cement stonework, 
in the case of rock or masonry 

It Is usually advisable to divide reservoir*! Into two pnrt*. so that 
while the water in one part is being drawn off for use, that in the other may 
purify itself bv settling its sediment. Also, one port may remain in use. while 
the other is Wing cleaned o* repaired Many days, or even two or three weeks, 
sometimes, are required for the complete settlement of the very fine clayey par¬ 
ticles in muddy water; depending on the depth of the reservoir. One or more 
flights of steps to the bottom of the reservoir should be provided. 

Mud In Kcwervoirw. The reservoirs of the New River Water Co,'Lon¬ 
don, England, wwe uncleaned for 100 years, during wh-ch mud R feet deep was 
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deposited, or about an inch annually. At Philadelphia it is about 25 inch per 
annum from the Schuylkill, and 1 inch from the Delaware River. At St Ixmis, 
Missouri, about 3 to 4 feet per year! Vegetation is ant to take place in shallow 
reservoirs and near the edges uf deep ones, especially in veiy waim weather; 
and the plants, on decaying, injure the water. 

H ater flowing 1 through uiar.Hh lands i* sometimes unfit for drink¬ 
ing purpose* That, for instance, in some sections of the Concord River, Massa¬ 
chusetts, was reported by the eminent hydraulic engineer, Loammi Baldwin, of 
Boston, to be absolutely poUowns from this cause. 

The construction of a large deep reservoir is not only a very costly, but a 
very hazardous undertaking. With every watchfulness and care, it is almost 
impossible entirely to prevent leaking; although this may not manifest itself 
for months, or even years. Should a break occur, especially near a city, it 
would probably be attended by great loss of lile and propeity. If the water 
once finds its way in a stream’, either acioss the tin paved top, or through the 
hotly of the embankmeut, the rapid destruction of tlie whole becomes almost 
certain. 

Art. la. Storing Reservoirs. The entire annual yield of a stream 
may be much more than sufficient for supplying a certain population with 
water; and yet in its natural condition the stream may not bo available lor this 
purpose, because it becomes nearly dry in summer, when water is most needed; 
while, at othei easons, the rains and melted snows produce floods which supply 
vastly more tha». is required; and which must be allowed to ran to waste. A 
itoring reservoir is intended to collect and store up tins excess of water, mi that 
it may be drawn off as required during the droughts of summer, and thus 
equalize the supply throughout the entire year. Tins, when the locality per¬ 
mits, is effected by building a dam across the stream, to form one side ol the 
reservoir, while the hill-slopts ol the valley of the stream form the other sides. 
The stream itself flows into this reservoir at its up-stream end When the 
stream is liable to become nearly dry dming long summer drnuguts experience 
shows that the capacity of the reservoir should be equal to from 4 to *1 
months’ supply, according to circumstances. During the construction of the 
dam, a free channel rau>t tie provided, to pass the stream without allowing it 
to do Injury to the work. If the dam were built precisely like pig 37, entirely 
of earth, it would plainly be liable to destruction by being washed away in case 
the reservoir should become so full that the water would begin to flow »-ver its 
top. To provide against this we may, by means of masonry, or of crllm filh-d 
with broken stone, or otherwise, construct either the whole,or part ol the dam, 
to serve as an overfall, or a weir. Or a side channel (au open cut, 

pipes, or a culvert, Ac) may be pro* ided at one or both ends of the dam, and in 
the natural soil, at such a level as to carry away the suiplus flood water before 
it can rise high enough to overtop the eat then dam. Besides these, anil the 
pipes for carrying the water to the town, there should be an outlet, with a valve 
or gate, at the level of the bottom of the reservoir; in order that, it necessary 
for repairs, or for cleaning by scouring, all the water may be drawn oft. The 
entrances to the city pipes should be protected by gratings to exclude fish, Ac. 

To facilitate repair* or renewal* of all valve*. Ac, which 
are under water, the reservoir ends of the pipes or culverts to which they 
are attached, may be surrounded by a water-tight i»ox or chamber, which will 
usually lie left open to the reservoir; but may be <-los<d when repairs are re¬ 
quired. Access may then be had to them by entering at the outer end, after 
tlie water has flowed away from inside. In case the oat let is through a long 
line of pipes which cannot thus lie entered, a special entry for this purpose may 
be cast in the pipe itself, near the outer toe of the embankment; to be kept 
closed except In case of repairs. Sometimes a lietter, but more expensive means 
of access to such valves, is secured by enclosing them in a valve-tower of 
masonry. This is a hollow vertical water-tight chamber, like a well; tint near 
the toe of the inner slope; having its foundation at the bottom of the reservoir; 
wnence the tower rises through the water to aiaive its surface. This chamber 
is provided with valves or gates usually left open to the reservoir; but which 
may be closed when repairs are needed ; Htid the water In the tower allowed to 
escape from it through the open valves of the outlets. This dope, workmen can 
descend through the lower by ladders from the ajierture at its top. 

At times the outlets for the discharge of surplus flood water are,like those for 
soourlng, placed at, or just alwve, the level of the bottom of the reservoir. In 
order that these may work in case of a sudden flood at night, Ac, they must be 
furnished with self-acting valves, which will open of their own accord when the 
food Is about to rise too high. This may be effected by attaching them to floats, 
the rising of which, when the water is high, will pul) them open. All such out¬ 
lets should be large enough to let men enter them for repairs. They should b| 
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no rapans be laid through the artificial earthen body of the dam Itself, without 
being supported upon masonry reaching down to a firm natural foundation; 
otherwise i hey are very apt to be broken by the subsidence of the embankment. 
It is usually safer to carry them ttirough the firm natural soil near one end ot 
the dam. Their valves, if only single, should be at their inner or reservoir end, 
*o as to leave the outlets themselves usually empty, for inspection; but it is 
better to have two valves, so that one may be used when the other needs repair; 
and in this case one may be plac<‘d at each end. Reservoirs which are supplied 
by pumps, need no precautions against overflow; because the pumping is 
stopped when they are filled to the proper height. Large storing reservoirs 
necessarily submerge more or less land, which has therefore to be purchased. 
By intercepting the descending water, they frequently prevent spring floods 
from injuring low lands farther down stream. If there are mills down stream 
from the reservoir, they would evidently la* deprived of water for driving them, 
unless a portion of that stored in the reservoir be devoted to that put pose. 
Water thus applied to cum/iensate for the loss of the natuial stream, is called 
compensation water; aud the reservoir, a compensating one. 

Art. lit. Distributing reservoirs. Frequently a valley fit for a storint 

reservoir can lie found onlyut * long di*t («oiiiotiin<s mam link’s) from the town; and it then hr 
comes expedient to construct r1*o an additional one of smaller size than the Storing one, near Itv 
town j and nt a* great an clexution above it as circumstances will permit; but lower than the storm* 
one. This is called, by \taj of distinction, a distributing reservoir, because from it the water, after 
having Bowed into it from the atm mg reservoir, thiough the long supply pips which connects them, is 
distributed mi vuiious directions through tne town, by means of the street wains, or pipes. This 
small reservoir should hold a supply sufficient at least for a few days; a few weeks would be better; 
aud the end of the supply pipe which terminates in it, should be provided with a valve for shutting 
oft the supply from the 'lining n-strvolr. Those piernutions permit repairs to be made along the liue 
oi supply pipe without deprix mg the town of water in the mean time. With a view to such -epairs ; at 
well ns to si our mg out sediin. nt from the supply pipe, this last should be provided with ©Utlt*l 
\ rtl V«‘M at v arums low point* along the enti-c interval lietwecn the two reservoirs: especiallv a I 
those nt win. h ii.o x ilii * max di*rh into natural watercourses. On openm? these valves, the ou u 


rush of the water carries axx n si-dunont} and leaves the pipe empty for luspectlou 

In Hxlnir neon die dlams nr pipes for aupptying cities, it is nreemary 

to | M ‘ar in mind that bv t ir the gi”.ner poriion of the 24 hour*' yield U actually drawn from then 
during oulv a t,’, j j t,„ui s ot -lax light, and then-fore the capacity of the pipes must lie sufficient U 
furnish the duilx supply m tnu. h less than 24 hours Again, during the hot summer months, much 
more water is used thauduuug the winter cues, and this consideration necessitates a sull larger dtam. 

Art. 2. SyateuiM ol'Htr«*«*t pipes for supplying citleA. The 

writer kuowa of no piaeticnl rules for proportioning the diama for such systems. The varioua com- 
Jh-ation. involved, render a purely seleut.lic n.xestigatiou of little or no service. With much heal- 
tat ion, he veuturxs the following purely empiricai rules of his own , based on such limited ohserva- 
tmiis as have casualty fallen under his notice ... e . 

Km,* |. When at no point in a system of city pipes, is the head, or vert dist below the surface 
o' the reservoir, compared with the hor diet from the reservoir. Use than at the rate o/50 ft pwrimta, 
then the ^putatom in the last column o; the ,allowing Table A. man be abundantly suppUd, for £ 
r,fu purposes, bu either one pipe of the inner dnnn or bore in the 1st rol. or byi, J, <tc, pipes of tte 
X rol. Tkw Jt.m. 8..™ u. lb. S Tl» .upplj I. 

co be about bO gallons per day to each inhabitant. 


T.4BI.F. V. ^Original.) 
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It to well to allow In addition from % Inch to 1 inch, or more, (depending on 
the character of the water,) to each diameter; for deposit* and concretions. 

The water, after reaching the city through one or more large main pipes from 
the reservoir, must be distributed through*the streets by means of smaller 
mains branching from the larger ones. The diameters of these smaller ones 
also mav be found by Table A. Thus, if a street, with its alleys, &c, contains 
about 6000 persons, (the rate of head being, as before, not levs than SO feet to a 
mile at any point of the system,) then we see by the table that a 10 -inch pipe 
will answer. It would be well to lay no city street pipes of less than 6 Inches 
diameter. 

Mains which cross each other should be connected at some 
of their intersect Ions, to allow the water a mou* free circulation through¬ 
out the entire system ; so that if the supply at any point is temporarily cut off 
from one direction by closing the valves lor repairs, or is diminished bv exces¬ 
sive demand, it may be maintained by the flow trorn other directions. 

Avoid dead ends when possible, as the water in them becomes foul and 
unwholesome. 

Rut.B2. With the same diameters, different rate.\ of head will su/ijUy the vropor. 
donate populations in column 3 of Table A Or, to find the diametns which at different 
rates of head will supply the seme populations given in the last column of Table A, 
multiply the diameter given in Table A, by the corresponding Dumber iE col¬ 
umn 4 of Table B; or (approximately) do as directed in column 5. 

TABLE B. (Original) 


Col. 1. 

Col. 2. 

Bute of Head, 
is Feet per Mile. 

Rate of IPad, 
oom pared aith 
that in Table A 

6 

.1 

10 

.2 

12« 

.25 

15 

JS 

20 

.4 

26 

.5 

SO 

.6 

S5 

.7 

3 

.75 

40 

.8 

45 

.# 

60 

1.0 

75 

1.5 

100 

2.0 

125 

2.5 

150 

3.0 

200 

40 

250 

5.0 

300 

60 

too 

SO 

500 

10.0 


('«>!.. 3. | Col. 4. Ci i 


Proportionate 

Proportionate Plant to aupplr Remark*. 

Population*. , the Population' 

| lit Table A 


32 

.45 

;>o 

.55 

.64 


1.41 
I 50 

1 73 

2 00 
2 25 
2 48 

2 M3 

3 18 


J 32 
1 27 
1 20 
1 14 
1.11 
1.07 
1 06 
1 05 
1 02 
1.00 


Aitil wn* third 
Add full oik- fourth 
Add one liftli 

Add one nerenth. 

Add one ninth. 

Add one fourteenth. 

Add one sixteenth. 

Add nue twentieth. 

Add one Bftleth. 

Deduct one thirteenth. 
Deduct one eighth. 

Deduct full oue-»lxtb. 
Deduct one tilth 
Deduct uearly one fourth. 
Deduct nearly two xerentb*. 
Deduct three tenth*. 

Deduct full one third 


Example. By Table A we ace that with the rate of head of 50 leet per 
mile, a 30-fnch pipe will supply a population of 91580; but with three times that 
rate of head, or 150 feet per mile, we see by column H, Table B, that the B*me 
pipe will supply 1.73 times as many persons, or 915B0X 1./3* IJMJJjt persons. 
But if. at this greater rate of head, we stitt wish to supply only 91.>80 persons, 
then we find in column 4, Table B, inat we may diminish thediameter of the pipe 
from 30, dowu to 30X-30—24 inches; or, by column 5, we have 80 — 6 — 24 
inches. . _ .. . 

Again, after the water has reached the city by the 50-inch pipe of Table A, 
if we wish to distribute if through the city hr sav eight branches or smaller 
mains, we see by column 8, Table A. that eaeh of them must hnve at. 
least 13 V4 inches diameter. From thpse eight, other smaller ones may 
branch off into the cross street's, alleys, &c; and in estimating the sup¬ 
ply required for any particular street main, we must evidently add what 
is required also for such cross streets, &c, &c. 

If certain limited parts of a city pipe nvstem have considerably less rates of 
head than most of the remainder, It may become expedient to supply the former 
by a special separate maim 9t larger diameter ; which may start either dlrectlj 
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from the reservoir; or as a branch from the grand leading main which .feedsth* 
lower parts, according to circumstances. 

It must be remembered, that although by increasing the diameters, an abun- 
dant supply may be obtained under a small rate of head, as well as under a great 
•ne, yet the water will not riBe to as great a height in the serviee pipes for sup- 
plying the different stories of dwellings, Ac. Even with the diameters in Table 
A the water, under ordinary use, will not rise in these pipes to the full height 
of the surface of the reservoir; and if an unusual drawing-off is going on at 
the same time at many parts of the system, as in case of an extensive fire, or 
frequently during the hot summer months, it may not rise to even one-hall of 
lhat height. 

Art. 3. The following; has been found very effective for 
preventing; concretions in water pipes. Formerly in Boston, cast- 
iron city pipes, 4 Indies diameter, became closed up in 7 years; and those of 
larger diameter became seriously reduced in the same tune. But later, during 
8 years, in which this varnish was used, no concretions formed.* 


Coal-pitch varnish to be applied to pipes and castings, 
made for the Water Department of Philadelphia, under 
the following; conditions: 

First. Every pipe must be thoroughly dressed and made clean, free from the 
earth or sand which clings to the iron in the moulds; hard brushes to be used 
In finishing the process to remove the loose dust. 

Second. Every pipe must be entirely free from rust when the varnish is ap 

S led. If the pipe cannot be dipped immediately after being cleansed, the sur- 
ce must be oiled with linseed oil to preserve it until it is ready to be dipped: 
oo pipe to be dipped after rust has set in. 

Third. The coal-tar pitch is made from coal tar, distilled until the naphtha 
ta entirely removed, ana the material deodorised. It should be distilled until it 
has about the consistency of wax. The mixture of five or six per cent of linseed 
ell is recommended. Pitch which becomes hard and brittle when cold, will not 
answer for this use. 

Fburih. Pitch of the proper quality having been obtained, it must be care¬ 
fully heated in a suitable vessel to a temperature of 300 degrees Fahrenheit, and 
must he maintained at not less than this temperature during the time of dip¬ 
ping. The material will thicken and deteriorate after a number of pipes have 
been dipped ; fresh pitch must therefore be frequently added; and occasionally 
the vessel must he entirely emptied of its old contents, and refilled with fresh 
pitch: the refuse will be bard and brittle like common pitch. 

Fifth. Every pipe must attain a temperature of 800 degrees Fahrenheit,before 
It is removed from the vessel of hot pilch. It may then be slowly removed and 
laid upon skids to drip. 

All pipes of 20 Inches diameter and upward, will require to remain at least 
thirty minutes iu the hot fluid, to attain this temperature; probably more l r 

The application must be made to the satisfaction of the Chief Engineer 
•f the Water Department: and the material be subject at all times to his ex¬ 
amination, inspection, and rejection. ..... , . , 

Seventh. Payment for coating the pipes will only be made on such pipes a* 
are sound and sufficient according to the specifications, and are acceptable lade- 

No^ipe to lie dipped until the authorised inspector has examined It 
as to cleaning and rust; ana subjected it thoroughly to the hammer proof. It 
may then be dipped, after which, it will be passed to the hydraulic press to meet 
the required water proof. ...... . . . , ., 

iWnM. The proper coating will be tough and tenacious when cold on the 
pipes, and not brittle or with any tendency to scale off. When the coating of 
any pipe has not been properly applied, and does not give satisfaction, whether 
from defect in material, tools, or manipulations, it shall not be paid for; if it 
scales off or shows a tendency that way, the pipe shall be cleansed inside before 
It can be recoated or be receivable as an ordinary pipe. 


•Mr Dexter Brackett, of Boston, iuforms us, 1892, that while tubercles form 
there in uncoated pijKis to a thickness ot about three-quarters of an inch, rendering 
4-inch pipes of ’ittle or no value for fire supply, yet no actual stoppage has been 
known to occur from this cause during the twenty-three years of his connectioa 
with the City Engineering Department He states also that even their inated pipes, 
takei up after being in the ground for ten or fifteen years, are generally ii and to b« 
pitted on their inner surfaces. 
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Art. 4. The pipes are laid to conform to the vertical utidululions of the street 
surfaces. The topB of the pipes ure laid not less than 3}4 feet below the Hurfuce of 
the street; hut in 3-inch pipes the water has at times been frozen at that depth. 

In Phllndn., in 1H85, there wore about 781 miles of street 
pipes; or about 1 mile to every 1100 inhabitants. The pupulmion wag u I suit 
460,(.RRJ; residing in about 15u,U<ii> dwellings. Kerlin. 18S7-K; l.bKi.tKXi inlmb- 
mtits, in 20,<RR' hoU'fs (at Huge 70 persons pet housej. Mean eonsiimption pel bead, 
17 U. S gallons per day; maximum, 24; minimum, 12} B , all approximate, 25,<>oo 
wheel meters in use. 

Ho galvanic action has been observed where lead pipes or brass unite with 
east-iron ones. No pipe less than 6 inches diam should be laid mi cities; and 
even they only for lengths of a few hundred feet. Their insufficiency is chiefly felt in 
case of fire. 8 ins would be a better minimum. No more leakage ore tint in winter 
than in summer; except from the biirsling ol jmrute temct-piprs by freezing. 

To compact the earth thoroughly against the pipes excludes mr, and gieatly im¬ 
pedes rust. Pipe* may he corroded bj the leakage of gas through the body as well as 
through the Joints of adjacent gas-pipe**. 


WEIGHT OF CAST-IRON WATER-PIPES, 

Ad naed in Phi la, and tested by hydraulic pres** before delivery to an internal 
pres of 300 lbs per eq inch. This table includes spigots, and lancets or bells. The 

E ipes are required to lie made of remeltpd strong tough gray pig iron. such as nmy 
e readily drilled and < hipped; and all of more than 3 ins diam to be cast vertically, 
with the bell end down, lteviations of 5 j>er cent above or l>eIow the themeti- 
cal weights, are allowed for irregularities in casting, which it seems impossible to 
avoid. 

The pipes are in lengths from 3 to3}^ ins longer than 12 ft; so th'at when laid they 
measure 12 ft from the month,/, Fig 38, of one bell to that of the next. 


Diam. ' 
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di*m. 

Wt per 
length. 

Diam. 

Thick- 

Wt per 
length. 

Diam. 

Thick 1 
neaa. 

1 Wt per 
length. 


warn 


Ina. 

Ina. 

Lba. 

Ina. 

m 

Lba. 

3 

A 


16 

/H 

1322 

36 

fl 

4334 

4 



20 

1664 

36 

4862 

6 

X 


20 

ft 

1798 

36 


5366 

8 

•* 


30 

}} 

3313 

48 

mm 

7282 

10 

a 


30 

.9 

3610 

48 

19 

8667 

12 

* 1 

III 

80 
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The following sizes of lap-welded wrought-iron water-pipe are 

made by the National Tube Works f'o, McKeesport, l*a., and fitted with tb*ir 
“Converse patent lock-joint. M One end of cat h length of pipe lias the 
lock-joint permanently attached (I -aded) to it at the works before shipping. The 
“ weights jut foot" include tho-e joints. The weight of “ lead per joint" given is 
that requited to bo poured m hying the pipe, or that for one side only of the joint. 

Outer diam, ins.. 2 3 4 5 6 8 10 12 10 

Weight per ft, lbs. 1.86 3 48 5.26 7.33 8.76 13.20 17.08 20.12 47.7ft 

Lead per joint, lbs..„ % If, 2% 3% 3ft* 5^ 6 1« 

Average ear load : 

Number of lengths.„ 800 380 275 145 120 128 80 56 4ft 

44 ** feet-. 11500 5600 4500 2600 2000 2000 1200 800 630 

The pipe# are tested for a bursting pressure of 500 lbs per square Inch, or higher 
If desired. They are furnished either costed with asphaltum. or “kala- 
melned;** or, if desired, first kalameiiicd and then coated with asphaltum. 
Kalameining consists in “ incorporating upon and into the body of the iron a noo- 
Oorroafve metal alloy, largely composed of tin." The surface thus formed U not 
Clacked by blowB, or by bendiug the pipe, either but or cold. 
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The joint, orcoupling, ih of cast-iron, and hasinternal recesses which receive and 
hold lugs on the out side of each length of pipe, near each of its ends. The joint is 
then poured with lead in the usual way (seo page6BU), either with clay collars, or 
with a special pouring clamp furnished by the Co. This clamp resembles the 
“jointer,” Figs 39 Ac, except that it is in two rigid senu-etitular pieces, connected 
together by a hinge-joint, and furnished with handles like those of a lemon-squeezer, 
and has a hole in one side tor pouring The colliding terms a flush inner surface 
with the pipe at the joint, thus avoiding much ol the resistance of cast-iron pipes 
to flow. For cases where it may be necessary to make frequent changes, the coup* 
lings are made in two pieces, which are bolted together by flanges. 

Wronght-iron, for pipes, has the great adtantagra over cast-iron 
of lightness, toughness, and pliability. The lightness of wrought-iron pipes ren¬ 
ders them easier to handle, and cheaper per foot notwithstanding that their cost per 
low is About 25 per cent greater. They are not liable to breakage in transpoi tation 
•r from rough handling, and they m.iy lie bent through angles up to about 25°. 
They therefore require no special betid castings for such angles. The National Co 
supply liemling machines, to lie worked by two men. One machine can, by changing 
the dies, 1 m- Used in bending all sizes of pipe. I be pipes are in lengths of from 15 to 
18 feet, instead of 12 feet, as in the case of cast-iron, so that lower Joints ara 
required per mile. 

The Co furnish special “servile clamps” and tapping machines for attaching 
nerviee pipes to mains. This may l*e done (as in the case of the Payrv. 
machine. while the main is under pressure. The service clamp is a cast 

iron saddle, which, before the main is tapped, is attached to it by means ol a B 
bolt, and winch remains permanently so uttai hed alter the tapping. A sheet-lead 
gasket is plaied between clump and main. The clamp has a tapped cylindrical 
opening through it, into winch the cniporation stop is screwed before 

the pipe is tapped. The dull ot the tapping machine passes through the stop, and 
thrnimh the cylindrical opening In the clamp, and dulls through the lead gasket 
and through the side of the main. 

The Co turiiHli also pipe-cutting machines, and special castings (reducer*, 
crosses, Ac, Ac) fitted with the Couverse joint, 

Art. .1. WroiiKlit-iron pipes rorrodc much more rapidly than cast. 

.4 suit a* perch a pipe, \\ inch thick, and % inch liore, has sustained safely 
an mit rual jirr* of more limn 250 fils per sq inch ; equal to nearly 600 feet head. U merely swelled 
•lia-lilh at 8S7 tbs In 1851 a tube of that material. tu* bore,about 4 tucb thick, anJ 1.150 rt Ion*, 
wan ,mik In the Ra»t Riser. New York, to cairv the Proton water to Blackwell'* Island. It was hell 
down b\ weigh'- It proven unsatisfactory owing to abrasion caused bj tidal currents, and injury 
from the aurlioi * »f dragging vessels. A wrapping of canvas, confined by spun yarn was useful II 
preventing the fomior. bui not the l-vtter. This pipe wu replaced iu 1870 by wrought-iron pipe*. 

Hall's patent Iron ami cementl pipe, is nude by The Patent Water 
• nd (.as Pipe (In. ot Jersev Cm, X J It i» formed of riveted sheet-iron, and each length ia dipped 
into, and coaled with, a hot mixture of coal tar and asphalt. The lining of hydraullo cement ia then 
applied This ranges, iu thickness, from SI inch for 12-iuch pipes to 1 inch for 20-inch pipe. Hu* 
pipe is made up to dtamaof .Wins. It is laid iu a bed of cement mortar, and completely covered with 
the same. Suitable mean* Hre provided lor making all the attachments, Ac. required in city pipe* 
for water and gaa. More than t.HOO miles of it aicin use in various towns anrnu of it for 55 years j 
an-l it appear* to give perietal satisfaction. Tut*.-role* do uot fmm in these pipe-, ns they are apt to 
do in cast-iron one*. Theic la every reason to Kup|to**> that they are du-able. The trenches being 
dug, the Jersey City Co furnish pipes and lay them (including ttieccmeiitl. * 

A Wjckoff A Son, Elmira, N. Y., make woodi n wafer pipe*. For 

pressures of 15 to 20 lbs |>er sq inch, they furnish either plain pl|»es, to 7 ins snuare externally 
anil from 14 to 4 tua internal dlam; or round pipes, 1 Inch to lfi tns bore, coaled externally with 
asp-ialtum n ment. Vi their ends, hoth the square and the round pipes aie handed with lion. For 
prts-uies from 40 to 160 Iba per sq inch, the lound wooden pipes, before being co.ited wnh cement, 
ari spirally wrapped, by steam powei, with hoop iron, whnh is til**t passed through a preparation 
of coal tar. The iron is wound »o tightly as to he unliedded in the pipe, leaving its outer surface 
thish with lhal of .tie wood. The • i.daof each length of pipe recelvo cxira banding. The uspbaltum 
cement coatiug Is theu applied. 1 Ue»o pipes havo been extensively and successfully used for both 
water and gas. Suitable arruugetnouU are provided for joints and connections. 

Water pipe* of bored oak and pint* log**. laid in Philadelphia 

in 1800-1820, art- usually found quite sound, mid still tit for use, except where 
outer sap wood is decuyod When t Ins is removed, many of these old pipes have 
been relaid in lactone*, Ac. « lay mv// jtacktd around wooden pipe*, excludes the 
contact tif nii, and thus contributes greatly to their durability. .Loose porous 
soils, such as gravel, Ac, mi the emit rat y, are unfavorable. 

PI pea made of hitiimiiii/.ed paper, prepared under great pressure, 
have been used for both water and gas. They are much less liable to break than 
cast-iron, and do not weigh or cost more than about half as much. 1'ipes of 
5 ins bote and % inch thick, have resisted pressures of 220 Jbe per sq inch; 
equal to a water head of .>07 ft. British patent No. 2187, Sep 28, 1858, to A P 
JaloiiiHHti, of Paris. 
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Costs of voter pipe and laying. The following figures are deduced 

from a table kindly furnished by Mr. Allen J. Fuller, General Superintendent, 
Bureau of Water, Philadelphia. They represent average conditions for straight 
pipe, laid in earth, in (hat city. The cost, in any given case, may differ materially 
from these figures, according to circumstances. 

“Laying” includes all handling of materials, after their delivery on the 
ground, lor laying them in the trench, making joints, calking, etc. Calkers 
receive $2.50, lend men $2.00, and laborers$1.75 per day of 8 hum- 
The costB of materials are taken as follows: Pipe castings, 1 2 cts ; lead, 5 cts.; 
gasket, cts.; coke, 0 27 cts., per pound ; blocking, 1.7 cts. per ft. B. M. 

Add for stops, branches, fire hydrants, special castings, repaving, damages, 
foremen’s wages, cost of tools, etc. For rough estimates, to cover fixtures, .ock 
excavation, additional depth required for trench, wear and tear of tools, and 
ordinary repaving, but not including damages, asphalt repaving, or trestling, 
the costs in the table may be increased as follows: 

Diameter of pipe 4 6 8 10 12 16 to 48 inches. 

Add. 80 70 65 60 50 40 percent. 
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Art. ©. C&st-Iron Pipe Joints. Philadelphia standard. The clear 
distance, d, between the spigot and the faucet, is nearly uniform for all Bisea 
of pipe, varying only from f 6 inch for 4-inch 
pipe, to A inch for 30-inch pipe. The depth, 

»j «, of tne faucet varies from 3 ius in 4-lncii 
pipe, to 4 ins in 30-inch pipe. 

The small beads at * aud m, s' and m' on the 
spigot end of the pipe, project about % inch; 
and prevent the calking material from entering 
the pipe. The calking consists of about 1 to 2 
ins in depth of well-rammed, untarred gasket, 
or rope yarn; above which is poured melted 
lead, confined from spreading by means of clay 
plastered around the joint. The lead is aftei- 
wards compacted by a calking hammer 

The lead is poured through a hole left in the 
clay on the upper side of the pipe. In large 
pipes, two additional holes are left in the clay, 
one at each side of the pipe, ami lead Is first 
poured into the side holes by two men at once, 
one man pouring into each side hole until the 
oint is half full. The side holes are then 
stopped, and, after the lead already pouted has 
hardened, the two men finish the pouring by 
means of the top bole. This course is necessary, 
because the great weight of melted lead in the 



iTt 


SCALE OF INQHES, 

3 i 5 i 7~ 

rig 3 * 


entire large joint woutd press away the clay at the lower side of the joint, and 
thus escape. 

The moisture in the clay is liable to freeze in cold weather, and to render it too 
hard to be used. It is also liable, at all times, as is also any dampness in the pijs* 
to be converted into steam by the heat of the melted lead. The steam sometimes 
breaks out, or “ blows ” through the clay, allowing the lead to escape. 

Art. 7. The Watkins patent “ Pipe Jointer” avoids these difficulties by 
dispensing with the ring of clay. It consists of a ring R, Figs 39 and 40, of square 



eross-seetion, and made of packing composed of alternate lai«*rs of hemp cloth 
and India rubber. 'Ibis ring is encircled by one or more thin strips of spring 
steel, which are riveted to it at intervals, as shown. E K are iron-ellmws riveted 
outside of the steel bands. After the gasket has been rammed into its place, the 
riug is placed mound the spigot near the faucet, in the position shown in Fig 40, 
and is held loosely by the clamp, Hg 41, one point of which enters a small pit in 
each of the elbows, E E. The ring is then, by means of a hammer, driven close 
up agaiiiBt the end,/, of the faucet, Fig 38; the screw of the damp is tightened 
somewhat, so as to bring the ring close to the spigot; a small dam of clay is 
placed in front of the aperture between the two ell*ows, E E; and the joint is 
ready for pouring. After the lead has hardened, the " jointer” is removed, and 
is ready for use at another joint. Upon its removal the lead Is found smooth, 
requiring no chipping. One can he used for several hundred joints. They dis¬ 
pense with the services of the men who prepare the clay collars, and supply them 
to the nourer 1 *. Thus. Watkins. Johnstown, Fa. 
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Art. ft. A* a further preventive against the escape of any of the flas¬ 
ket into the pipe, a ring of lead pipe is sometimes placed in the joint 
liefoie the gasket is inserted. This lead pipe is of such diameter that it can just 
he pushed through the space, </, Fig 38, between the spigot and the faucet ; and 
of such length as just, to encircle the water-pipe. It is driven as closely as pos¬ 
sible into the mu iow annular space at o o, l<ig38. The gasket is then lammed 
in, and the lead jioured, as usual. 

Art. !». In John F. Ward's flexible joint. Fig. 42, for cast-iron 
pipes laid across the irregular hods of streams, a poition, a o , of the inside of the 
Dell It is accurately turned to futiu the middle zone of a sphere,, with center at C, 
and the narrow surface tn ni , on the 
outside of the spigot S, is turned to 
form a segment ol a sphere accurately 
fitting tiie loimer. 1 he lead is pouted 
while the two adjacent lengths of pipe, 
lest mg on suitable vessels or floats, 
are in a straight line,or nearly so. The 
lead occupies the space wo/, shown black, 
and is held in place on the spigot In the 
depiession </ <1. As fast as the joints are 
thus filled, the floats are moved for- 
w ard, and the pipes, if small, are passed 
iuloshallow waterwithout furihercare. 
Suitable apparatus is used for lowering 
large pipes into deep water without un¬ 
due strain on the joints. The joiut per¬ 
mits a deflection of 15°, as shown ; but 
further deflection, which would he lia¬ 
ble to Rpht the hell, is prevented by the 
stops at oo on the belt and t’ i* on tlie 
spigot. Insomeeasesprelimtnaiydredg- 
ing may l>c expedient, to diminish abrupt irregularities of the bottom. Over 
thirty lines of pipe furnished,with this joint have l»een successfully laid, of 
diameters up to 3 feet.. 

Art. 10. In Figs 43, A is a doable branch; which is a pipe having, in 
addition to the faucet, c, at one end, two others, t ana i, to’srhich pipes leading in 
opposite direct ions (as at cross-streets) may beattaclied. Ifeitheraori lie omitted, 
the pipe is a Mingle branch. The pipe is stronger when thef 



„ l these extra taueets 

are near its end, than if they were at its middle. In a long line of idj>es, for the sake 
of expedition, different garigsof men are frequently laying detached portions some 
distance apart; and when two end’-of different portions are brought near enough 
together to be united, as h and r, Fig C, their junction cannot be effected by the 
usual spigot-and-faueet joint. In this case a cast-iron sleeve, tt, is used, which is 
first slid upon one of the pieces of pipe; and (after the other piece also is laid) is 
slid back into the position in the tig. so as to cover the joint. Sleeves are usually 

about a foot long; as thick as 
the pipe; and their diam is 
sufficient to allow the usual 

f joint of gasket and lead. 

^= 5 ^ There is of course such a joint 

// 1 j ud B at. each end of the sleeve. 

if T lrfr c Art. 11. When a 
ll J X&L c erack occur* In a pipe, 
« a, Fig B, already in use, it is 
, repaired by means of a cast- 

iron sleeve, g g, made iu two 
pait«, bolted together by 
means of flanges as at n n. In 
other resfR'cts it is like the 
preceding sleeve. The inter¬ 
mediate white ring is the lead 
joint. If the crack is too long, or otherwise too had to he remedied by a sleeve, 
the pipe is broken to pieces; und the lead joints at its ends melted out, so as to 
allow of its removal. Then, since an entire new pipe cannot now be inserted, 
owing to the overlapping of the spigot-and-faucet ends, two short pieces must be 
substituted for it. One end of each of these is lead-jointed to the pipes already 
laid; while the other two ends, which will probably be a few inches apart, are 
covered by a sleeve, 11, Fig. C. 
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Cracks may at times be temporarily repaired in au emergency, by a wrapping 
of folds of canvas thoroughly saturated with white-lead paint; and tightly con* 
fined to the pipe l»y a spiral banding of thiu hoop- 
ivon or wire. Or, by an iron band, made in two 
parts, B B, Fig 44, ami damped together by screw- 
bolts, S S. Such bauds are useful, also, for slrength- 
ening pipes that are considered to be m danger of | 
bursting. 

Art. 12. To attach a pipe, e, Fig 42. 
to one, /, already in u*e, but in which no 
provision has been made for such attachment, a 
piece may be cut out of /, as at v r, and a casting, e, 
furnished with flanges, m m, bolted over the opening, by screw-bolts passing 
through female screws tapped in the thickness of the pipe. If the new pipe is 
so large that the opeuing, v v, if circular, would be inconveniently wide, it may 
be made oval, with the longest diameter in the direction of the length of the 
pipe,/. In that case the casting e will be oval at its flanges ; and circular at c c. 

Art. 12. Air valves. Air is apt to collect gradually at the high point* 
of vertical curves along the supply pipes; and, unless removed, obstructs the 
flow. Thi* may he prevented by au air valve, Fig 44A. This consuls of a cast* 




iron box, cedd, confined to the main pipe mm, hy screw-bolt* patting through 
H* flange d <L It has a cover gng, confined to it by acrews 1 1; and at the top 
of which 1* an opening n. for the escape of air from within. In this box is a 
float/, which may bo a close tin or copper vessel, or of layer* of cork, as sup¬ 
posed in tbe fig; or Ac. This float has a spiudie or stem 11 , fast to it; which 
passe* through openings in tbe bridge-bars o a, and o; thereby allowing tbe float 
to rise and fall freely, but preventing it from moving sideways. When the pine 
m m is empty, the float is down; its base y resting on tbe cross-bar a a. The 
item t t has fixed to It a valve t>, which rises and fulls with it and the float. 
8uppo*e the pipe m m to l*e empty, and consequently the float and the valve v 
down. Then, it water be admitted into the pipe, it will rise and fill also the box 
as far up as e; and in doing so will lift the float/, and the valve v, to the position 
in the fig; thus preventing egress to the outer air by closing the owning at v. 
Now, air carried along by tbe water, will, on account of its lightness, ascend to 
the highest points it meets with. 



WATER-PIPES. 


663 


Hence, when such air arrives under the opening ac, it will rise through it, 
and ascend to «; the closed valve preventing it from going farther. Thus 
successive portions of air ascend, and in time accumulate to such an extent 
as gradually to force much of the water downward out of the box. When 
this takes place, the float, which is held up only by the water, of course de¬ 
scends also; and in doing so, pulls down with it the valve v. The accumulated 
air then instantly escapes through the openings at v and n,into the atmosphere; 
and the water in the pipe mm, immediately ascends again into the box, carry¬ 
ing with it the float; aud thus again closing the valve v. The valve, and the 
valve-seat e, are faced with brass, to avoid rust, and consequent bad fit. The 
whole is protected by an iron or wooden cover, reaching to the level of the street. 

Air valves are no longer used in city pipes; their place being 
supplied by the fireplugs at average distances of about 150 yards apart. Thesa 
being placed as much as possible at the summits of undulations in the lines of 

K pes, for convenience of washing the streets, and being frequently opened 
r that purpose, permit also the escape of accumulated air. 

The escape of compressed air thronah an air valve, or 
other opening, has been known to produce bursting of the 
main pipes: lor the escape is instantaneous, and permits the columns of 
water in the pipes on l<oth sides of the valve, to rush together with great 
forces, which arrest each other, and react against the pipes. 

Air-Vessels. Motion Is imparted to the water in a line of pipes, by the 
forward stroke of the piston of a single-acting pump; but during the backward 
stroke, this motion is stopped; and the water in the pipes comes to rest. There- 
tore, at the next forward stroke, all the water has to be again set in motion; 
and the force that must he exei ted by the pump to do this is much greatei than 
would he required if the motion previously imparted had been maintained 
during the time of the backstroke. The addition of an air-vessel secures this 
maintenance of motion, and thus effects a great saving of power; besides dimin¬ 
ishing the danger of bursting the pipes at each forward stroke. It is merely a 
tall and strong air-tight iron box, usually cylindrical, strongly bolted on top 
of the pities just beyond the pump, ana communicating freely with them 
through an opening in its base. It is full of air. The forward stroke of the 
piston then forces water not only along the pipes, but also into the lower part 
of the afr-vessi 1 through the opening in its base; thus compressing its con¬ 
tained air. But during the backstroke, this compressed air, being relieved from 
the pressure of the pump, expands; and in so doing presses upon the water in 
the pipes, and thus keeps it in motion until the next forward stroke; and so on. 
In air-vessel also acts as an air-cuxhhm ; permitting the piston to apply its force 
to the WHter in the pipes gradually: thus preserving both the pipes and the 
pump from violent shocks. The air in the vessel, however, becomes by degrees 
absorbed and taken away by the water; and Its action as a regulator then 
leases. To prevent this, fresh air must be forced into the vessel from time to 
time by a condenser, or forcing air-pump. A doubft-acfivg pump does not m 
much need an air-vessel. There is no particular rule for the size or capacity of 
air-veBsels. In practice it appears to vary from about 5 to 50 times that of the 

( tump; with a height equal to two or more times the diameter. A stand-pipe 
see below) Is sometimes used instead of an air-vessel. 

A Htand-plpe is sometimes used for the same purpose as an air-vessel (see 
above). It is a tall pipe, open to the air at top; and communicating freely at 
Its foot with the water-pipe. In the same manner as in an air-vessel. Its top 
must ho somewhat higher than that to which the pumn has to force the water 
through the sv«tem of pipes; otherwise the water would be wasted by flowing 
over its top. The area of its transverse section should he at least equal to that 
of the pipe or pipes which conduct the water from it; but it is at times better 
to nave it much larger, as a stand-pipe may then answer, especially in a small 
town. a» a rrsmoir , if the planning should cease for a few hours. A stand-pipe 
should be cylindrical, not conical; tor if thick ice should form on top of the 
water in a conical one, a sudden forcing of it upward by the pump might strain 
the stand-pipe seriously. The stand-nlpes connected with the Philadelphia 
Water-Works are from 125 to 170 feet high; 5 feetdiameter; and made of riveted 
boiler-iron about % inch thick near the base, and about % inch near the top. 
They have no protection from the weather; nor are they braced in any manner; 
but retain their positions by their own inherent strength, although exposed at 
times to violent winds. 
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Art. 14. The service-pipes for supplying Mingle dwellings, 

Are of lead; and ol ]A to % men bore. They are connected with the street nun ns, 
ft n, Fig 4u, by a brHMN ferrule,/, here show n at 
yi real size. The dotted lines show its % inch bait*. 

Tue tapering ferrule is merely bard driven into a cyl¬ 
indrical hole reamed out of the main, as at x. The lead 
pipe, o, is attiuhed to the other end of the leriule: 
overlapping if about l).j ms; and the joint soldeied.f. 

The extra thickness nem /, is lor giving pioper shape 
and strength forhuQimeiiug the ferrule lutothe main. 

The pipe and solder aie shown hi section. Uc.-ides the 
stopcocks attached to each service-pipe, and to its 
btunches through the house, theie is an uiidetgrouiid one by which the city author) 
ties can stop off the water in case of delinquency in payment of dues; ami anothci 
by whuh the plumber can stop it off when so requited timing indooi lepair*. t*ul. 
VAllized iron tube** aie lieing much used for sci v ice-pipes, especially toi hoi 
water; being less subject to contrai tion and expansion, which pioduce leaks 



Art. 1.5. The so-cHlled ** corporation mtops’* or “iorpnratiou cocks’ 
Are insetted into the pipe hv a special ma< lime, Fig 4h. Their great advantage over 
the ferrule, Fig 4d,is that they can be inserted into a pipe when the 
latter In full of water under pressure. Besides, 
ina-nnirh as they aie 'ooivil into the pipe, they are in no ilanger 
ol being tmeed out of it by any pies-ure within it As then 
name implies, they are furnished with a stop valve, which is Kept 
closed while the valve is being inserted into the pipe, ami is then 
opened, and generally remains open peimanently. 

Pipe-tapping machine's, foi dulling and tapping th« 
pipe, and for attaching these stops,are made in aval iety of forms 
Fig shows one made hv 

I naosa 

“ 11 - of these machine-is turnished 

with a iMimhei of inallenhhi 
Inch tit the various diaiiis of pipe 
Is- iihhI 'I lie saddle is not shown 
feiied to the pi|»e hv a chain slung 
, around the latter The < hum is tightened by a holt 



This niatidii 
stnfflng-hoxi 


y Under, C C (into which a tnp-iind-di ill, 
op, 8, have fust Ihm-ii iuseited), is then 
the saddle by means of the tlir-ad at A 
Mnpornrily snowed on to a mandiel, M. 
I, and the diill-shank, K, |w*« through 
s cast in one with the head of the ryl. 
a handle, not shown in the fig, this head 
is now revolved (while the body of tlie «y 1 remains 
stationary) so aR to bring the diill.T.aud stop,8 into 
Fig. 40- the respective positions shown in the flg. When the 

cyl head comes to the proper position, it is stopped by 
slug inside of the cyl. The drill is then immediately over the center of a large 
circular opening in the base of the cy!,0 0, and over a similar opening, through the 
saddle, to the surface of the pipe to be tapp'd. It is than pushed down until it 
touches said pipe. The ratchet-wrench, W YV,it then set ou the square head of the 
drill-shank, K; the feeder-yoke, Y, with feed screw, F, Is put in position a> shown; 
and the pipe is drilled and tapped by working the wrench ; whereupon the water in 
the pipe, if under pressure, rushes out through the hole thus made, aud fills the 
Cylinder. 

By reversing the position of the switch on the ratchet In the wrench, W, nnd by 
working the latter, the tap is now withdrawn from the hole, but remains In the cyl. 
The cyl head Ih new revolved so as to reverse the positions of S and T; the lug iu- 
iide of the cyl stopping the head when the i top is immediately over the hole. By 
means of the ratchet-wrench,applied to the square head of the mandrel, M, the stop, 
B(f/ie vnh't cf uhich muH bf clovd), is now screwed into the hole, but only far enough 
to hold securely, and thus prevent the further escape of the water from the pipe 
when the machine Is now removed. The stop is now screwed firmly Into place by 
means of a wrench applied to a square on the stop itself. When the pres in the pipe 
exceeds about JOO lbs per sq inch, the feeding apparatus, as used with the drill (see 
figl may be Also wed In uiding the Insertion of the stop. 
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TUe mandrel, M, is made In two length** (one of which screw* Into the other) if 
uruer that the upper part may be out of the way of the wrench-handle while drill 
1* h*** three or uioie diff threads at its foot, to suit diff sizes of stop. Stop* 
made to suit the machine, are furnished as wanted. 

’1 lie machine can work many tiuection radial to the pipe, and can therefore be 
used lor tapping a pipe in any part of its circumference. 

After the stop is inserted, the seivice-pipe ik atia< bed to its outer end Ly a coup- 
ing nut passing over the thread theie shown. 

Tho machines are guaranteed to tap under a pressure of 600 ttw per square inch. 

Art. 15 a. The pneumatic dome Figs 46 n and 46 h, invented by 
Mr. N. Monroe Hopkins, of Washington, D.C., is designed to prevent the burst¬ 
ing of water-pipes in lieezing weather. 

In unprotected pipes, the water, in fiee/ing, is unable to expand longitudi¬ 
nally, and therefore frequently bursts the pipe hi expanding lat¬ 
erally. The domes, being placed iu the pipe, as shown, at intervals 
of about 12 feet, where freezing is to be apprehended, permit the 
longitudinal expansion, which pushes the ice in both directions 
toward each dome, where it compresses the air-cushion there pro¬ 
vided. in the horizontal dome, Fig. 4(5«, the double inclined planes, 
cast in its lower side at <• compel the two honzontal columns of ice 
to rise into the dome, instead of merely abutting emlwi-e against 
each other. 

In order to insure that the domes in a system 
tsuch as tho e for a house or mill oi on a bridge) 

'■hall not be deprived of their air by the flow 
of the water in the pipes below them, an in¬ 
spirator is placed in the pipe at the entrain e 
to the system. The inspirator consists essen¬ 
tially of a constriction in the pipe, which in¬ 
creases the velocity of flow at that point, and thus causes an indraft of air 
through a valve provided foi the purpose (see Nenturi meter, page 532). The 
air, thus introduced, is carried along the pipe in hubbies bet ween the surface 
of the water and the ton of the pip* and is entrapped by the domes When, 
uy closing faucets, e>o, ttie flow in the pipe is checked, the increase «»l pressure 
closes the ' alve 

'severe tests of both laige and small pipes (4-incli and 3 (-inch., protected by 
these domes, have shown them to be always effective in preventing rupture. 



Fig. 46 a. 


Fig 46 b. 
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Art. 16. Stop-valves, or gates, opening verttcaljy In grroTM, ore placed 
iorosfl the street pipes at intervals of lrom 100 to 300 yds. Their use is to shut off 
the water lrom any section during repairs; the water of such sections beiug allowed 
to run to waste, and to soak into the ground. 

The details are much varied by diff makers. 



Figs 47 and 48 show such a gate. The valve, r, Is east In one 
piece. When down, as In the figs, it closes the pipe. It opens vert 
by means of a screw, I), the valve rising into the cast-iron case or 
box, B B, and leaving, when all the wav up, sin opening of the full 
diam of the pipe. The screw is turned by a wrench fitting on its 
square head, h. The screw, D, itself, U prevented from moving vert 
by the collar, C. 

The two principal castings which compose the box or cover are 
bolted together by means of flanges, g. The joint faces of the cast¬ 
ings are carefully smoothed; and a thin strip of lead Is inserted 
between them, as a precaution against leaks. The recess, It, admits 
small particles of foreign matter which might otherwise prevent the 
gate from closing perfectly. The valve seats are faced with Babbitt 
metal. At the top of the cover, the screw stem passes through a 
stuffing-box, which prevents leaking at that point, 
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Art. 17. Fig 49 sliows an arrangement with outnide screw for raising 
and lowering the valve. Here the screw, I>. does not revolve, but is attached to the 
valve, ami rises and fulls with it, being laised or low. 
ered by turniug the wheel, W, at the center of which ib 
a nut through which the screw passes. The nut is fixed 
in the wheel, and is so confined that it, and the wheel, 
cannot move vertically. 

Art. IN. A four-way ntop, or four-waj 
valve. Figs uO and f>l, is placed at the intersection w 
two mams; the four ends oi which are attached, respec 
tively, to the four openings, M M M M. At the hot to a 
is an additional opening, connecting, by means of ai 
elbow, II. with pipes running to a fire-lijdinnt at the 
street curb. Sec Arts 2d and 21. Two or more of such 
bottom openings may be made, if desired, tor the sup¬ 
ply of as many hic-hydrants. All of the openings are 
opened or closed at one time by raising or lowering 
the valve or plug, l’, by means of a wrench or key up- 
plied to the equal e bend, S, of the screw stem. As in 
Figs 47 and 4*, the screw turns, but is prevented from 
i ising and falling, and the plug moves up and down on 
the screw. 

Inasmuch as all sediment escapes into the bottom 
opening which leads to the fire-hydrant, the valve is not 
liable to clogging through this cause. The fire-liy 



Fig. 48 


Fig. 50 




Fig. 51 


drant, being led from both ol the maiiiB, obtains a toiler supply than would be possi¬ 
ble if it were fed, as usual, through only one main. 
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Art. 19. Whatever the style of the gate may be, it is, when attached to the pip*\ 

R rotected by H tmrroumliii^ box, generally o! plank or cast-iron, with 
nr sides, which taper so that the box is of smaller hoi section at top than at bottom. 
It is open at bottom, but has a movable lion top, level with the street. This top is 
taken off alien the valve is to be opened or dosed, or ui8]>ected. Two o! the oppo¬ 
site Bides of the box of course have opeuiugs tor tlie p.wsage ot the pipes to or fiom 
the valve. 

The gates, especially of laige mains, must be closed very slowly. Otherwise, the 
too sudden arresting of the momentum oi the (lowing water would be apt to break 
either them or the covers; or burst the pipes. As a precaution against this, the 
covers for very large valves are cast with outside strengthening ribs. 

No self-acting air-valves (Fig 44 A) arc now placed at street summits, to allow 
confined air to escape. The fire-plugs answer instead. The rad for hor bends in 
mains is if possible not less than about 12 tunes their diams, they are made as large 
as the widths of the streets will admit: usually about 50 ft. Fire-plugs, Figs 
52. <fcc are placed as much as possible at summits, so as to serve also for washing 
the streets : and for the escape of accumulated air They average about 8 in num 
ber to each mile of pipe ; or 1 to each block of buildings 
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Fig.53 
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Art.20. Fig 52 represents a common street flre-plng, or fire-hydrant. 

The valve, r, is of layers of well- 
hammered sole-leather; and, when 
closed, shuts against a brass ring 
seat, o, which is confined to its 
place by a lead joint. The valve is 
opened by working down the 
screw, «, which, by means of a 
swivel joint at a, can revolve 
without turning the valve-rod, y. 
When the valve, v, is closed, after 
the plug has been in use, the 
chamber, c, is full of water, which, 
if allowed to remain, would be in 
danger of freezing, and ot bursting 
the plug Hut, in closing the 
valve, we raise the flange, l, on the 
rod, and thus allow the water to 
escape through the opening at /, 
whence it runs to waste into the 
ground, through the open lower 
end of the f'roeit-jacket, i j, 
which is a hollow cast-iron cylm- 
L • C < >'}* der surrounding the working parts 
JV.\/<.YV/ °* tho hydrant. Being free to 
'' slide vert it rises and falls when 
the level of the ground is dis¬ 
turbed by frost, and the hydrant 
is thus protected against injury 
from this cause 

The top, t, of the hydrant case, 
is cast in one piece with the 
chamber, c. 

The stopper, e, screws on over 
the nozzle, n. 




Fig. 52 


Art. 21. In Figs 53, 54. 55, 
the valve, v v, Is a sliding 
one. The stem, y, Fig 53, to 
which the screw, s, is attached, is, 
like that in Figs 47 and 48, pre¬ 
vented from moving vert by a col¬ 
lar, fast to it near its top, and con¬ 
fined in a circular groove. When 
the rod and screw are made to re¬ 
volve, by means of a wrench ap¬ 
plied to the square head of the 
former, the valve slides up or 
down on the screw, admitting the 
water to, or shutting it off from, 
the hydrant. The valve slides on 
tlie two guides, a g, which are cast in one piece, respectively, with the two verl 
sides of the lower part ot the hydrant. Its circular face, where it comes into con¬ 
tact with the hydrant case, h, is faced with a gun-metal ring, e e, which bears 
against a similar ring, made of Babbitt metal, let into the hydrant case. 

* left, in the hydrant case after closing the valve, escapes through 

a cylindrical hole, d, about % inch diam, bored through the guide, g, and case, h. 
This hole is at such a lit as to be just above the top of the loose plate, p, when the 
valve is closed, as in Fig 53. This plate lies in a vert groove in the side of the 
valve-casting, and is pressed against the. side of the case, h, by two spiral springs 
confined in cavities, r c, in the valve casting. When the valve begins to rise, the 
hole, d, is closed by the plate, v and remains so until the valve is again entirely 
closed. 
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Test Boring. Fit's l and 2 show a tool for boring into soils, 

elay, sand, or gravel, even when quite indurated, or when frozen, it will 
Q | not bore through hard rock, or through large boulders. It 

^ consists of two sheet-iron cylindrical segments SS, called 

AC! O “ pods," having their lower or cutting edges shod with steel 

"®f V These edges project (as shown in Fig 1) beyond the sides of 

the auger, and thus make the hole larger than it, so that it 
cannot bind or stick. The two cutting edges are equidistant 
B Bx ft‘ un> the v, ‘ r t ceil line of the tool,ami this insures a straight 

$B I ami vert hole. At a the auger is attached to the lower end 

p I of a vert boring rod composed of a mini tier of I^-iuch square 

■ ■ iron bars, or 2^-inch iron tubes, about 10 to 15 ft long, 

G H jointed together at their ends by means of square socket 

joints. At the top of this boring-rod ib a swivel-hook, by 
moans of which the entire apparatus is hung to the end ot • 
Fig 1. Flo 2. rope, which passes over a pulley st the top of a derrick o« 
tripod, and down to a drum worked by a windlass und gear 
«ig. By means of this drum and rope, the auger and boring-rod (which at first corn 
lists of only one bar) are lifted, and suspended over the intended hole. The augei 
is then lowered, and rotated hor by two men or one horse, working at the ends of 
levers which grip the boring-rod a few ft above the ground. The swivel at the top 
•f the boring-rod jiermits this rotation to take place without twisting the ro;te. 
The shape of the auger is such that its rotation feeds or screws it into the ground; 


and the man at the windlass has, during the boring, merely to keep the rope tight, 
•o as to prevent the auger from boring too fast, and becoming clogged. In about 8 
revolutions the auger tills with earth. By means of the windlass it is then raised 
to about 2 ft above the ground; and by tinkering and removing the band 6 the augei 
h opened like a pair of tongs, and the earth emptied iuto a wooden box which hat 
In the meantime been placed over the hole. The box Is tlien removed and emptied, 
and the boring proceeds as before. When the boring has reached a depth of about 
10 ft, a second bar must be added to the top of the rod. For this purpose the rod 
and auger are raised a few inches; a slight frame-work of boards is placed on the 
ground, close to the boring-rod and surrounding it; and a flange is clasped tightly 
to the rod just above, and close to, the framework. The framework and flange uow 
support the rod aud anger; the swivel-hook and rope are removed,and attached to 
the upper end of the second bar, which is then raised, and its lower end is fastened 
into the socket-joint upon the top of the first one. The rope is then drawn tight; 
the flange removed; the auger lowered to the I Hit tom of the hole; and the boring 
resumed. Additional lengths of boring-rod are attached in the same way from time 
to time, as required by the descent of the auger. 

The borers may be made from 6 to 18 inches in diameter, or larger. If desired, 
the boring may be made from 24 to 36 idb diara by attac hing a reamer to the 
auger. This auger will bore to a depth of 100 ft or more at the rate of from 5 to 
20 ft per hour. It removes stones as large as half the diarn of the hole. In dry 
soils a bucketful of water is poured into the hole each time the auger is raised. 

This borer may be advantageously used in boring the holes for sand pi let*, 
and at times, Instead of driving wooden pile*, it may be better to 
plant them (butt down if preferred) in holes bored by ^his auger ; ramming the 
earth well around them ailerwards. This will save adjacent buildings from the 
jarring and injury done by a pile driver. 

If sand, mud, or loose gravel In reached in boring with this tool, 
the bole is reamed out 4 ins laiger, and a tubing of inch boards is inserted 
into the hole, aud driven iuto and thiough the sand or gravel, which is then 
removed from withiu the tubing by means of a Mind-pump, consisting of a 
hollow iron cylinder, about 5 ins diarn X 30 ins long, with a valve at its foot, 
opening upward. The sand-pump is lowered to the bottom ol the bole; covered 
with water to a depth of 2 to 4 ft, and churned Quickly up and down 4 to 6 ins, 
by band, 20 or 30 times, during which the sand fills the pump, which is then 
drawn up aud emptied. From 10 to 20 ft in depth of sand, mud. Ac, per hour 
can thus be taken from a 6 to 18-inch hole. This pump is also used for removing 
broken earth. Ac, from a hole lw>red in compact earth by the borer first described. 

The cost, with derrick, boring-rods, rope, sand-pump, Ac, Ac, complete, is 
about $175. The anger weighs from 150 to 200 lbs, according to size. 
Boring-rod 1% ins eq, 8% lbs per ft. Derrick, 150 lbs. 

The Mura-borer, Figs 3 and 4, like the sand-pump lust described, is used 
Inside of tubing, and for the same purpose. The hollow iron cylinder 0, 10 ins 
than) X 30 ins Tong, slides vertically on the rod, hut the screw is fast, to the rod. 
While boring, the sand below aud around tbe cyi keeps it in the position shown in 
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Hg 8 . Blx revolutions of the rod and screw fill the cyl with sand. The rod 1b the* 
lifted. This first draws the screw up into the cyl, as in Fig 4; and a valve at the 
foot of the Hcrew closes the bottom of the cyl, and prevents the sand 
from falling out when the borer is lifted from the hole. The rod is 
hollow, and open at top and bottom. This allows passage of the air, 

And thus prevents resistance from suction in withdrawing the borer. 

Ibis tool is rotated and withdrawn in the same way as the earth borer c | 
first described. Cost about 830. 

Steel prospecting augers, from 2 to 4 ins (liam, and 2 ft 
long, are used for boring boles from 2 % to 6 ins duim, and to depths 
of 10 to 50 ft, into elay, Hand. or fine (gravel, of ail of which 
they bring up samples. They aie turned by wrenches, and by man 
oi horse power. See also p 674. 


The boring fool shown in vert section by Fig 6, Pigs 8,4 

and in hor cross section by Fig 6 . is very useful for boring shal¬ 
low holes by Imml through surface soils, clay, and gravel, and 
bringing up samples. The borer proper consists of a cylinder ot 
spring steel, 3 or 4 ms dinm, and 4 or 5 ins high, with sides % 

Inch thick, having a vert slit (see cross section) throughout its 
height, and beveled to a cutting edge all mound its foot, as 
shown in the vert section. At its top it is nveMt, as shown, or 
welded, to the invertwl-r-Hhaped forging, which, by means of the 
socket at its top, is screwed to a length of gas-pipe wlm h serves 
as a handle, and to which other pieces are joined by sockets as 
boring proceed*. 

The boring is done by two men. who grasp the handle, and, 
holding the tool vert, drive it into the ground by repeatedly 
lilting it and forcibly bringing it down upon the same spot. As 
the tool sti ikes the ground, the beveled shape of its cutting edge 
Causes it to open slightly, and when the downward pres is re¬ 
lieved in lilting it. it springs back and grasps the earth which 
has entered it. It soon fills, and the men, finding that it ceases 
to penetrate readily, lift it to the surface and empty it. The 
character of its contents from different depths, measured along 
the handle, is noted from time to time. 

In six days of 8 hours each, three men (one 
jesting at intervals) using one smh anger Al 

between them, bo led 20 holes, averaging 
ft each, m loam, gravel, clay, and decom¬ 
posed mica schiot, at a cost of 22 cts per foot. a| B 

Wages of eacli man, $2 per day. 

For work in loam, clay, or non-running 
•and, an effective screw-auger can 
be made by any good blacksmith, by merely 
forming a one-inch sq bar of iron or steel Pio 5 , Fio 6 . 

Into corkscrew slmpe about 2 ft long with 

6 complete turns 6 ins in dinm; its lower end sharpened to form a vertical cutting 
edge, which should project say .6 of an inch beyond the spiral of the screw, in ordet 
to diminish friction. It will bring up full samples. Requires a derrick, or soma 
other simple mode of lifting, when the screw is full. 

Artesian Well Drilling*, Deep vert holes in earth and rock, fi and 8 Ins 
In diam, 8 tich as are reqd for artesian wells for water and oil, and for mining explora¬ 
tions, are drilled by repeatedly lifting and dropping, in the same vert line, a heavy 
Iron bit, Figl.p 673, with a steel cutting-edge. The bit is partly revolved horizon¬ 
tally after each blow, to insure roundness of hole. The length of the cutting-edge 
of the bit is a little greater than the diam of the bit, aud the hole is thus made suf¬ 
ficiently large to prevent the bit from binding in it. 

The bit is the lowest one of a series of iron and steel bars, Ac, screwed 

together at their ends, and called a “airing: of tools.** The string of tools 
varies in length from 25 to 60 ft, according to the size and depth of the hole, and the 
hardness of the rock; and its diam throughout (al»ove the cutting-edge) is an inch 
or two lesB than that of the hole. Its weight is from 800 to 4000 lbs. Its upper 
member is always a * rope-socket,” Fig 4 (without a swivel), to which the lower end 
of the supporting rope cable is attached. This cable pnsses up out of the hole tr 
a hop lever, which, by means of a horse-power or steam-engine, Is kept con¬ 
stantly moving up and down with a see-saw motion. The string of tools, with th« 
cutting edge of the bit at its lower end, is thus alternately lifted from 2 to 4 ft, and 
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let fall, from 30 to 50 times per minute, and so drills Its way Into the rock or earth 
From 4 to 10 ft in depth of water are kept iu the hole, to facilitate the drilling an# 
the removal of debris. After water is reached, the dulling may lie continued, eve# 
if the hole is full of water; but a great depth of water of couiee diminishes the forci 
of the blows of the bit. A suitable arrangement must tx- provided for paying 
out tin* rope as the boring tool descends. A clamp is attached to the cable, 
and the man in charge, by tinning the clamp, twists the rope, and thus turns 
the bit horizon tally about one-fifth o< a revolution after each stroke, until 
six or eight complete i evolutions have been made in one direction. He then re¬ 
verses the motion, and makes unequal number of turns, at the same rate, in the 
opposite direction. 

After drilling a few feet, the string of tools is lifted out of the hole by means of 
the cable, to allow the removal of the debris which has accumulated m tlm 
hole. This is done by means of a ml-pump, which is a sheet-iron cylinder, 
say 4 ins diam, and 4 to 6 ft long, piovided. at its toot, with a valve opening upwaul. 
The pump Is lowered to the bottom of the hole, and filled w ith the mixed wBter and 
debris by churning it up and down a number of times. Sometimes, in addition to 
the valve, the pump is fitted with a plunger, which is at the foot of the pump when 
the latter is let (low n to the bottom of the bole. The plunger is then drawn up Into 
the pnmp, and the debits follows it. In either case, the pump, when filled, is lifted 
out of the hole and emptied; the string of tools is again loweted into the hole,and 
the drilling resumed. The debris must be remowd after every 3 to 5 ft of drilling. 
Otherwise it would interfere too gieatly with the action of the hit. 

Wells are usually' drilled from 6 to 8 ins diam. For diams less 
than 6 jus, the tools are so slender that they are liable to he l iokeu In a deep hole. 

The same apparatus is used for drilling through the earth above 
the rock, betore the latter is reached. This is allied “spudding.” In this case 
the sides of the hole must he prevented from caving in. For this pui pose a wrought- 
iron pipe oi such diam as to tit the hole closely, and */£ inch thick, is mserUd mtc 
the hole, and is driven down from time to time as the drilling proceeds The pipe 
is driven by means ot a heavy maul of oak, or other hard wood, 14 to 18 ins square, 
aud 10 to 16 ft long. This maul is attached, by one end, to the lower end of the 
same cable which, during drilling, supports the string of tools. It is thus repeat¬ 
edly lifted, as,a dropped upon the head of the tube, which is protected by a cast-iron 
** driving-cap.” The foot of the tulie is shod with a steel cutting-edge niig.or “steel 
shoe." When the tube has been driven as far as it will readily go, the maul is re¬ 
moved fiom the end of the rope; the string of tools substituted; and the drilling 
resumed within the pipe. 

The pipe is put together iu lengths of from 8 to 18 ft, and the drilling and pipe¬ 
driving proceed alternately until the rock is reached, arid the foot of the pipe forced 
Into it to a depth of a few ins, or far enough to shut off quicksand or surface water 

If quicksand 1m encountered, the string ol tools is removed, and the 
land-pump is used inside of the pipe. 

For reaming out, or enlarging-* holes, or Tor straightening 

crooked ones, Ac, special tools, such as reamers, Ac, are substituted in place of the 
boring bit. 

Special care must be tuken to have all the ruhblug surfaces thoiv 
oughly lubricated. The pulley in the mast-head, and the pinion-wheel* 
of the horse j>ower (if such \*e used) should be well oiled every two or three hours 

In very cold or wet weather, a slied of rough boards, or a covet 
log of canvas, about 8 ft high, should he erected, to protect the nn-n; and, if stean- 
fc used.2 or 3 boards should be used as a covering for the belt, which will slip if wet 

For holes from 200 to 1000 fl deq>, portable drilling ma¬ 
chines,* worked by horse or Bteani powei, are used, in Ohm- machines, the 
drill-rope, extending from the string of tools up out of the hole, passes over n slu-avt 
at the top of a wooden mast; down to, and around, a pulley fast to thewoikiup 
lever; and thence, by way of a pulley fixed at the loot of the mast, to a drum upon 
which it is wound. To tills drum a friction and ratchet whoel is attached, for pay¬ 
ing out the cable as the tools desc.itid, 

The masit is hinged six feet above its foot, so that its upper part may bt 
hud hor when the machine is to he moved. When at work, it is held in position by 
two timber struts or braces, bolted to it near Us top, and having their lower endi 
fastened to the “drill-jack,” which is u light and strong framework, 9 ft long. 
I ft wide, and 4 ft high, at the foot of the mast, containing the working lever which 


• See Price-list, 3.67. 
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raises the rope and lets it fall, the drum ou which the rope if 
cam which work the lever, Ac. The operator stands at the 
hy means of foot- and hand-lovers within his reach, regulates 
*11 the movements of the machine. One of these governs 
the pawl and ratchet wheel regulating the paying out ot the 
cable, lly letting the ratchet-wheel of the drum move one 
notch, the bit is led down quarter of an inch. 

The operator, by moving a slide with his foot, holds the 
working lever dow'n, out of reach of the cam, thus st"ppiug 
the up-and-down motion of the rope and tools. By means 
of another lever ho can now put the rope-drum in gear with 
the main driving-Bliaft, so that the rope is wound up on the 
drum, and the tools drawn up out ot the hole. Another 
lever controls the separate reel ou which the light rope,car¬ 
rying the sand-pump, is wound. All these operations are 
performed by the same power (horse or ste.un, as the case 
' may lie), which works on without stopping; the various 
changes being made by merely throwing the different parts 
Into, or out of, gear with the main driving-shaft. 

One of these portable initcliines requires 
two horses or a small steam-engine, a man to alteud the 
same, and another man to operate the machine, empty the 
sand-pump, change the tools, Ac. It can be transported ou 
* faim wagon over any common road. Two men can unload 
It, set it up, and commence drilling, in two hours; and, un¬ 
less steam is pieferred, the two horses used for its transpor¬ 
tation furnish the motive power. The machine can be taken 
down and reloaded in the wagon In two hours. 

Figs 1 to 4 show the tool* used with these ma¬ 
chine*. For the different Hizes of machine they differ 
Chielly in their dimensions and weights. 

Fig 1 shows the drilling* hit, which is 30 to 3G ins 
long, and weighs about 100 lbs. Its lower or cutting 
edge is 6 ins long. Its top is screwed into the foot 
of the “ miK'er-Mtem,** Fig 2, which is of 3-inch 
round Iron, 12 ft long, and weighs 350 lbs. Its use is that 
Of a weight, giving additional force to the blows of the hit* 
Its top is screwed into the foot of the 4 * drill-jar*,'’ Fig 
3; and to the top of these is screwed the fcfc ropr-NOCkct,” 
Fig 4, to which the drilling cable is attached. If tlie bit, 
or auger-stem, becomes wedged in the hole 
by any mean*, the operator stops the churning motion 
ot the tools, and the rope is let out aliout 12 ins. This per¬ 
mits the upper link U of the drill-jars, Fig 3, to slide down 
about 12 ins in the slot S in their lower link. The churn¬ 
ing motion is then started again, and the upward Jerk of 
the link U against the npper end of the Blot Ioobcus the 
tools. 

These machines are made in a number of sizes, to drill 
holes from 200 to 1000 feet deep. The string of tools weigh* 
from 800 to 1800 IbB ; and the machine complete including 
tools, rope, mast, etc., but exclusive of power, from 1800 to 
4500 lbs. They cost from $700 to $1500 exclusive of power. 
The smaller sizes may be worked by horse power. A horse 
power weighs about 800 lbs, and costa about $75. Pieam 
engine, 1000 to 3600 llw., $160 to $300. 

For wells from 100U to 3000 feet deep, a 
stationary machine, with a walking-beam, is used, similar 
to those employed in the oil regions of Pennsylvania, A 
square pyramidal derrick is erected, 74 feet high, 20 feet 
square at base, 4 feet square at top. Each of its 4 corner legs 
is of 2 inch X 8 Inch and 2 iuch X 10 inch planks, spiked 
together so as to form a 10 inch X 10 inch angle-piece, 2 
inches thick. The legs are braced together by horizontal 
and diagonal timbers. The walking-beam is of timber, 26 
feet long. 12 inches wide, and 2Bimhes deep at the middle 
of its length, where it is pivoted to the top of a wooden post 
18 inches square and 12 feet high, called a “ Samson post” 
This post, at its foot, is dovetaih*d into tne mam sill of 
inches wide X 24 inches deep. 


i wound, the shaft an# 

toot of tbs maet, and 



Fig. 1. Fig. 8. 
machine, which is 1| 
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The motive power is a 15-hp steam-engine, which, by means of a belt and pulley 
erauk and pitman, working at one end of the walking-beam, gives to the latter its 
lee-saw motiou. To the other end of the beam, and immediately over the well, is 
suspended, by means of a hook, a “ temper-screw." This last is composed of twc 
bars of iron, about % X 2 ins, a ft long, hung 2 ins apart, fastened together at theit 
top ends, at which point there is an eye, which la suspended on the walking-beam 
hook. At the bottom of the two bars there is a sleeve-nut, and between the two 
bars aud passing through the nut, is a screw 6 ft long,at the bottom ol which there 
is a head, which carries a swivel, set-screw, and a puir of damps. These grasp the 
cable, 2 or 2% ins diam, which carries ut its lower end the Siring' of tools*. 
This, for a 2000-ft hole, consists of a steel bit, 3 or 4 it long, weighing 200 to 400 11*; 
an auger-stem of 4 or 5-inch round iron, from 24 to 30 ft long, and weighing from 
1200 to 2100 lbs; steel-lined drill-jars 8 ft long, weighing 60 ft to700 lbs; a sinker-bai 
of round it on ot same diam as the uuger-stem, 12 to 16 ft long, and weighing front 600 
to 1100 lbs; aud a rope-socket, -]4 it long, weighing 200 lbs. Total length of string 
of tools, 50 to 60 ft, total weight, &M0 lbs; or, lor an 8-inch hole iu the hardest rock, 
4000 lbs. The sinker-lmr is added to give additional wt, and thus to assist in 
pulling the cable down through the water, either in lowering the stung of tools or 
in working the drill-jars. The shinies of the other tools are given by Figs 1 to 4. 
Special tool*! are used for recovemig articles that may be accidentally dropped 
into the hole. 

The drilling: cable is wound on a drum, called a hull-wheel shaft.at the 
foot of, aud inside of, the derrick. While drilling is going on, u passes from the 
bull-wheel shaft loosely over the sheave at the top of the derrnk. and down to the 
clamps at the lower end of the temper-screw on the end of the walking-beam. Aa 
the drilling progresses, the temper-screw is turned oi fed out by the man in charge, 
who also, by means of a clump, twists the rope, so as to thauge the position of the 
bit after each stroke. 

When the tools are to be lifted out of the hole, the cable is disengaged from the 
:lamps on the temper-screw, ami is wound upon the hull-wheel shaft, which, for tills 
purpose, is thrown into gear with the steam-engine; the pitman being at the Bame 
time removed from the crank-pin, so that the walking-beam is at rest. As in the 
portable machines, the sand-pump is also raised by the same power whnh does the 
drilling. 

About lOOOO ft b m of ronffh lumber are ieqd for the dertUk, walk 
..iK-beam, sills. Ac, and almut 3000 ft imue lor sheds over the boilei, engine,and belt 
In ordinary hard limestone rock, such a machine w ill drill about 1 % fi 
er hour under the most favorable cncumstaiiies. Two men are required; 
me to attend to the boilei, sharpen the bits, Ac. and one to operate the machine 
In Pierce's machine for test-boring, mineral prospecting and well 
boring, the pipes aie driven by an iron nun, like that ol u pile driver, but 
bushed with hard wood on its lower or striking end. The lam is woiked by a 
hand winch The pipes are iu lengths of f> to 10 feet. After each length is 
driven, water,* under pressure, is forced, by a hand pump, through a hollow 
drill rod, into the bottom of the hole, while the dull rod is churned up and 
down by hand. The water forces the drillings (mud, sand, gravel, etc.) to the 
surface. The smallest machine drives 2 to 3 inch jupes; the largest, 2 to 8 inch 
The tuachiues are in detachable parts, weighing from 10 to 65 His each. Foui 
upright iron pipes, which carry the head easting and crown pulley, act as guides 
for the ram, their ends fitting iuto sockets iu casting* at their heads and feet. 
The driving rams are made in sections which ate bolted together. In the 
smaller machines the weight of the ram niav thus be made from 100 to 200 

E 'linds, and. in the larger machines, from 100 to 2,000 pounds, as required. 

>rings can be made to depths of 100 to 400 feet. 'I hose machines have been 
extensively used in Nicaragua by the Isthmian Canal Commission. If desired, 
the niachtnes can be furnished’with special tools for lairing in rock and for 
taking out solid cores (as with the diamond drill), with others for taking out 
dry cores in earth, and with sand-pumps and mud sockets for bringing up mud, 
tine sand, gravel, and detached pieces of rock and minerals. 


*In Alaska, where the frost extends to great depths, boiling or hot water is 
used. This is obtained by melting ice or biiow iu irou tanks about 4 ft square 
and 2 ft deep. 
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Art. 1. Machine Rock -drills bore much more rapidly than hand drills, 
and more economically, provided the work is so treat as to justify the preliminary 
outfit. They drill in any direction, and can often be used in boiiug holes so located 
that they could not be bored by hand. They are worked either by steam directly; 
or by air, compressed by steam or water power into a tank called a “ receiver,” and 
thence led to the drills through iron pipes. The air is best for tuunels and shaftB, 
because, alter leaving the drills, it uids ventilation. 

Art. 2. Such drills are of I wo kinds; rotating 1 drills and 
perciiNHion drills. In the former, the drill-rod is a long tube, revolving about 
its axis. The end of this tube, hardened so as to form an annular cutting-edge, is 
kept in contact with the rock, and, by its rotation, cuts iu it a lylindrical hole, gen¬ 
erally with a solid core iu the center. The coie occupies *he core-barrel. Art 8. 
The drill-rod is fed forward, or into the hole, as the dulling proceeds. The debris „ 
is removed from the hole by a constant stream of water, which is led to the bottom 
of the hole through the hollow drill-rod, and which carries the debris up through 
the narrow space between the outside of the drill-rod and the sides of the hole. 

In perciiMSion drills, the drill-rod is solid, aud its action is that of the 
churn drill. 

Art. 3. Iu the Brandt (European) rotary drill, the cutting-edge at the 
end ol the tubular diill-rod is armed with hardened steel teeth. It is pressed against 
the lock under enormous hydraulic pressure, und makes but iioui 5 to 8 revolutions 
per minute. 

Art. 4. The Diamond drill is the only form of totary rock-diill exteu- 
lively used in America. In. it, the honng-iod consists of a number of tubes jointed 
rigidly together at their ends by hollow interior sleeves. 

Art. 5. The boring-hit. Fig 1, is called a “core-hit.” Its cutting-edge 
has imbedded iu it a number ot diamonds as show'll. These are so arranged as 
to project slightly from both its inner aud outer edges. Annular spaces are thus 
left between core and core-barrel, and between the lntter and the walls of the hole 
These spaces permit die Ingress ami egiess of the water used hi removing the debris 
from the hole, and, at the some time, prevent the coie tioin binding in the barrel. or 
the latter in the hole. 


•Fiis.l 



Art. 6 . Just above the "core-bit,” the u core-lifter,” Fig 2, is screwed to 
tbe barrel. This is a tube about 8 ins long and of the tame outer dt&a ta tk 
barrel, inside U 1* slightly coned, with the bane of the cone upward, and fur 
mshed with a loose split-ring, R, toothed Inside, and similarly coned. While the 
drilling is going on, this ring jncircles the core closely, and remains loose from the 
out*r cylinder; but when the drilling is stopped, and the drill-rod begins to be 
raised, the ring is caught and raised by the outer cylinder: aDd, by reason of its 
beveled shape, is pressed hard against the core of rock, which is pulled apart cloaa 
to Its foot by the power which lifts the drill-rod. 

Arf. 7. This power is supplied by a ropc-dram. fastened to the top of the 
frame *sriuh supports the drill and worked by the same rngne wflich rotates the 
drill-rod. The rope from the drum passeB up to n pulley at tno top of a derrick, 
and thence down to the upper end of the drill-rod. Tbe considerable height of tbe 
derrick e nab les from 40 to fiO feet of tbe drill-rod to be removed In one piece. 

Art. tk Above tbe * oore-tifter ” I* tbe H eore-barreL" Tfata it a wrought 
Iron tube from 8 to 16 ft long. It is epfralty 

grooved outside, to permit the ascent of the water and debris from the bole; andu 
sometime set with diamonds on its outer surface, to prevent wear. The bit. lifter, 
and barrel are of uniform outer diara, a little leu tlian the diarn of the hole. The 
outer d*am of the drill-rad varies from about fas fer 8-lach barrel to Ins for l» 
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Art. 9. Where it Is not desired to preserve the core Intact, a “boring, 
head,” Fig 3, may be used instead of the “core-bit.” Fig 1. This is a solid hit 
(except that it is perforated with holes which allow the water to pass out from 
the drill-rod), and is aimed with diamonds, some of which project beyond its circutn- 
iereuce. 

Art. 10. The dnli-rod revolves at a speed ol fiom 2 oo to400 revolutions 
per minute. The engine, by which it is rotated, consists usually of tw'o cj lin¬ 
gers, either fixed or oscillating, operated by steam or compressed air, and working 
at right angleB to each other. By means of cranks they turn a shaft, which com¬ 
municates its motion, through bevel gearing, to the drill-rod. The latter is fed 
down, as the hole progresses, oithor by other bevel gearing driven by the 
same engine; or by being attached to .i crosN-he.nl whn h connects the piston rods of 
2 hydraulic eylinder*i. the piston mils being parallel with the dull rod. 

Art. 11. The diamond drill hmes perfectly circular hole*, in straight 
lines and in any direction, to great depths; fmm :S00 to lfi(H) leet 
being not uucommon. This, with the tact that it brings up unbroken 
cores, from 8 to 10 tt long, which show the precise nature and stratification of ihe 
rock penetrated, tenders it verv valuable ui test-boiing, prospecting of mines. A* 
They are also furnished of sufficient size to bore holes from 6 to lf> ins diam, lor 
artesian wells. The ronndness of the holes bored euables the ii*« of casing of 
nearly as great diam as that of the hole; and their straightness is advantageous in 
case a pump has to be used. 

Art. 12. Iu soft rock a bit may drill through 200 ft or more without resetting 
On the other hand, in very hard rocks, similar drills will wear out in 10 ft or less. 
In 1883-4. a diamond drill by the Am*n Diamond Rock Boring Oo, weighing com- 
plete about 1400 tbs. and costing about $2800, bored, in 1428 hours of actual boring, 
&3 holes of 2 ins diam, and aggieg.ttmg 9141 lineal ft. Average length of hole 172.fi 
ft. Average rate, 6.4 lin ft per hour; greatest, 12 8. Average total cost, 
ibout 96 cts per lin ft. The rock was pttncipally limestone, with some quartz ami 
sandstone The holes were bored at angles varying Iron* 0° to 45° with the vertical 

As a rough average we may say that in ordinary rocks, as granite, lime¬ 
stone, and hard sandstone, these drills will Imre deep holes,2 to 3 ins diam, at from 
I lo 2 ft per hour, and at a cost ol from $1 to 82 per ft. 

Art. 111. These drills aie made of many widely different sizes, and with 
different mountings, depending upon the nature of the woik to be done. 

They are sold under restrictions as to the location and extent of the territory 
in which they are to be used. The prices depend, to a great extent, upon the 
nature of these restrictions. The card prices for some of the leading sizes, are 
•is follows: Discount, see price list. 


Diam 

of 

holt. 

Diam 

of 

core. 

Depth 

of 

hole. 

Boiler 

H. P. 
required. 

Card price. 

Drill. 

Pump 

Ins. 

Ins. 

Feet. 

H. P. 

$ 

$ 

2 ft 

2 

4000 

25 

4000 


* 

i*S 

■kJlM 

15 

2500 

kTOj; 


1000 

12 to 15 

1900 


1ft 

1 


10 

1400 



M 


hand 

425 



Art. 14. In percussion drilling machines, the drill-bar i* driven 
forcibly against the rock by the pressure of steam or of compressed 

air, acting upon ft piston, P, Fig 4, moving in s cylinder, CC, Figs 4 and ft; and 
makes about 300 strokes per minute. The rotation of the driil-bar is accomplished 
automatically, as explained in Art 27. 

Art. 15. The cylinder. CC, is free to slide longitudinally in the fixed 
frame or shell, 8 8, Fig 6, to which it is attached, and which, in turn, is fixed to the 
tripod or other stand (see Arts 18 and 19) upon which the machine is supported. 

Art. 16. The drill-rod, R, corresponding to the churn drill, is 

fastened, by an appropriate chuck, K, to the end of the piston-rod, 0. The drilling 
is begun with a short drill-rod, and with the cylinder os far from the hole as the 
length of the shell, 8, will permit. As the bit penetrates the rock, the cylinder is 
fed forward * either flutornatiially or by hand (see Art 28), as far as the length of 
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the nhell pt-ruuK The drilling ii then stopped, by shutting off the steam/* and tbs 
oyiinder is run back, by reverbing the motion of the feeding appamtUH. The short 
drill-bur is then removed, and, if the drilling is to bo cuntiuued, u longer one is sub¬ 
stituted in its place, and the process repeated. 

Art. 17. Inasmuch as the a< t of di illmg veais the edges of the bit, thus reduc¬ 
ing itR diam somewhat, the holo will of course be tapering, or of 
slightly less diam at bottom than at top. The seamd hit must therefore be of 
slightly less diam than the first; say fiom j\j to % inch less; the third must be less 
than the second, and so on. On the other hand, m long holes, the drill-bar will 
seldom be in a peitectly straight line, so that the bit, instead ot striking always in 
the same spot, will describe a circle, and thus enlarge the hole. 

Art. 1H. The shell, S, iu which the cylinder slides, is prov ided with an arrange¬ 
ment by which it may lie clamped, either to a tripod, as iu Fig 5, or to a long 
bar or column, along which it may slide. The coluniu, if hor, may rest upon 
two pairs of legs; or it may lie btaced, in any position, against tiie opposite sides of 
a narrow cut. or against the floor and ceiling of a tunnel-heading, &c, in which case 
one of its ends is provided with a screw winch is run out so as to cause the two ends 
of the col to press firmly against the opposite rock walls; or rather against wooden 
blocks winch are always placed between each end of the col and the rock. In any 
case, the supports of the drill are so jointed that it can bore in any direction. 

Art. 19. Frequently tin drill is clamped to a short arm, which, iu 
turn, is clamped to the column, and pi ejects at right angles trout it. The arm may 
be slid lengthwise of the column, and may lie ievolved around it. and thus limy be 
placed in any desired position, and there clamped. Tins gives the diilla greater 
range of motion, and enables it t<> boro hole- over a greater space thau would other¬ 
wise be possible without moving the column. 

Art. 20. In tunnels, one or more drills may lie mounted upon a drill-car* 
riage, travelling upon a railroad track running longitudinally of the tunnel. 
Upon this track the carnage is moved up to the work, or run back f'om it when a 
blast is to be fired The gauge of the track may be made wido enough to admit of 
a second track, of mu lower gauge, miming underneath the dnil-ca, riage. Upon 
said nut rower track the cars art* run winch carry away the debris. Drill-carriages 
are less commonly used in this country than in Europe. 

Art. 21. The prcMMiire used m the cylinders of percussion drills is 
usually from about no to 70 tbs per sq inch. In an hour, one will drill 
a hole from 1 to 2 ms diam, and from A to 10 ft deep, depending on the character of 
the lock and the size of the machine at from 10 to25 cts per lin ft with labc; at 
$1 per dav. A bit requires sharpening at about every *2 to 4 ft depOi of 
hole. One blacksmith and helper can sharpen drills for 5 or 6 machines. 

Art. 22. The bits are of many different shapes, varying with 
the nature of the work to be done. For uniform hard rock, the bit has two cutting- 
edges, forming across with equal arms at light angles to each other. For seamy 
rock, the arms of the cross are equal, but form two acute and two obtuse angles with 
each other, as in the letter X, For soft rock, the cutung-edge sometimes has the 
shape of the letter Z. 

Art. 215. Each drill requires one man to operate It. Two or three men 
are required fin moving the heavier sizes from place to place. One man can attend 
to a small air-compressor and its Imiler. 

Art. 24. Figs 4 and 5 represent the “ Eclipse w percussion drill of the Inger- 
soll-Sergeant Drill Co, Hnvemever Building, New York Fig 5 shows the drill, 
mounted (as is most tiequently the case) upon a tripod. Fig 4 is a longitudinal sec¬ 
tion through the cylinder, valve-chest, and piston. 

Art. 25. The cylinder, C,is provided at each end wilh a rubber cushion. 
N, for deadening the blows of the piston, which, in all percussion drills, is liable, at 
times, to stuke either cylinder-bead. The side ot each cushion nearest the piston is 
protected by a thin iron plate. The cushions hnve to be renewed from time to time. 

Art. 26. The valve, V, is shaped somewhat like a spool. The bolt, B, 
passes loosely through its center and guides it. Steam is admitted from the boiler 
to the steam-chest, and occupies all of the space between the two end flanges of the 
valve, except u. It drives the valve alternately from one end of the valve-chest to 
the other, and back, according as one end or the other is relieved from opposing 
pressure by being put into communication with the exhaust, E, by way of the pa» 
sages, D IF aud F F'. D and D' communicate with the ends of the steam-chest 
through passages uot shown; while F and F'communicate, through similar pas¬ 
sages, with the exhaust, E. The piston has an anuular channel, L 1/, encircling it. 
Whatever the position of the piston, one of the passages. D or D', is always, by means 
of this channel. In communication with its corresponding passage, F or F*, leading 

S To avoid repetition*, we will uca the word steam to ligaUr either tltam or rnwii|-*ii*i| ate 
UMehever happen* to be u*ed- 
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to ths exhaust. Thus, one or the other end of the valve-chest Is always in com 
■mnication with the open air; and to that end the valve is driven by the pres cl 
the steam surrounding it, admitting steam to the cyl, C, from the other end. 

Art. 27. The rotation of the platon, and, with it, that of the drill* 
bar, is effected thus: The spiially-grooved, cylindrical steel bar, A, called a rifle* 
bar, passes through and works in, the rifle-nnt. H, which is firmly fixed in 
the end of the piston, and has spiral grooves corresponding with those on the rifle- 
bar. Said bar is fixed, at its upper end, to the ratchet-wheel, J, the pawls of winch 
are so arranged that, on the doicn stroke of the piston, the rifle-nut, H, acting upon 
tbs grooves on the rifle-bar, causes it, and, with it, the ratchet-wheel, to revolve 
about their common axis. The weight and mo¬ 
mentum of the piston, 4c, are such that it thus 
readily turns the ratchet-wheel without itself 
turning. Tims the bit is prevented from rotating 
while delivering its blow. Hut,on the up stroke, 
the tendency of the rifle-nut is to turn the rifle- 
bar and ratchet-wheel in the opposite direction; 
and as this is prevented by the pawls, the rifle - 
bar remains stationary, w idle the piston, piston- 
rod, and drill are mode to revolve about their 
common axis. 

Art. 2H. The feetl-»erew, M, is col¬ 
lared, at its upper end, to the fixed fiutne, Q. It 
is thus pi evented lioni moving longitudinally 
when revolved by means ol the crank fixed to its 
top. Its lower end works in a nut,T, fixed to the 
cylinder, which last is thus moved longitudinally 
backward or forward as the crank is turned. 


Fig. 5. 




tel. drill, .re frequently fornUhed with u automatic feeding arrange, 
■neat In addition to the hand-crank. In tliia arrangement, when the cylinder 
caprine l ea din g toward, and whan, CMuequuuUj, the platen U running nearly u 
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(he forward limit of It* stroke, the piston presses against a cam projecting into the 
eyl near the forward end, and presenting an inclined plane to it. The motion oi 
this cam, by ineanB of an exterior axle, running alongside of the cyl and lurnished 
at its top with a dog, turns a ratchet-wheel fixed to the feed-screw. When desired, 
the automatic feed may be thrown out of gear, and the feed moved by hand. 

Art. 29. The tripod legs consist of wrought-iron tubes, W W. These are 
screwed at their upper ends into sockets, X X. At their lower ends, they receive 
the pointed and tapering steei bars, Y Y, about 'dor 3 ft long. The legs may be 
lengthened or shortened by turning the set-screws, Z Z,thus regulating the distance 
to which the bars, Y Y, can enter the legs. The clamps, 6 b, have L-shaped hooks 
of inch to 1 inch round iron forged to them. On these hooks the weights, 
dd, are hung, which hold the machine down against the upward reaction of its 
blows. 

Art, 30. The following table gives the principal dimensions of these 
drills, with the diains aiul lengths of holes to which each is adapted. 
.Size II is used for subiuariue work, heavy tunneling, and deep rock cutting. G 
ami F for tunneling, street gruding, quarrying, and sewer work. E, D, and C 
for general mimug purposes. K is adapted only for very light work. In asking 
for estimates on drills and compressors, give the fullest possible description = 
(accompanied by a sketch) of the work to De done, stating its present and pro- 1 

E osed extent. Htate whether the work is on the surface or underground. State ' 
ow far the steam or compressed air will be carried. Give depth of holes to be 
drilled, nature of rock, Ac. Percussion drills are sold without restriction as to 
the purpose or extent to which they are to be used. 


Letter designating the size of the machine. 



A 

B 

C 

B 

E 

F 

G 

H 

Inner diameter of 
cylinder.ins. 

> y* 



% 

3 

ty. 

3>i 


5 

Length of full 








stroke . “ 


3 


4 

5 

6 

6 


7 

7 

Length of feed “ 
Length of 
machine*.“ 


12 


20 

24 

24 

24 

26 

84 

34 


36 


84 

86 

40 

42 

53 

60 

60 

Wt of machine, 











unmounted, lbs. 




155 

195 

230 

250 

845 

605 

670 

Wtof tripod, 











without wts. ” 
Wtof 3 wtsfor 


1 


125 

125 

125 

125 

150 

275 

275 

tripod legs, “ 
Wtof column, 



250 

250 

250 

250 



mi 


arm A clamp “ 
Diam of hole 





280 

280 

280 

420 

420 

420 

drilled.ins. 

y,toy. 

«tol % 

1 to 2 

1 to 2 

I to 2 

i%<»2 y. 

2 to 4 

3 to 6 

Max depth of 









vertf hole..ft. 

t 


4 

8 

10 

12 

16 

30 

40 


* From top of handle of feed-crank to lower end of piston at the end of the 
down stroke. 

f For greatest advisable lgth of hor holes, deduct one-fourth from these depths. 

J Machine A is mounted on a small frame. 

Art. 31. The drills of different makers differ chiefly in the 

methods by which the valve is operated. In some this is done, as in the lngersoll 
“ Eclipse” drill, Art 26, by the pres of steam. In others, the vklve is moved 
by a lever or tappet, which projects Into the cylinder so as to come into 
contact with, and be moved by, the piston at each stroke. As these strokes are 
made with great force some 300 or more times per minute, such valve-gear is 
necessarily subject to great wear. 

Art. 32. In the ** Little Giant Brill,** mi.de by the Rand Brill 
Co., the valve, V, Fig 6, is slid backward and forward, in the same direction in 
which the piston is moving, by the tappet, T, which is pivoted at p. Tha 
Inclined lower corners of this tappet ride tip as they come, alternately, in contact 
with the shoulders, a a, of the piston. 

Art. 33. In the “Economiser** and the “Slngwer** (Rand Dril* 
On.) the valve, as in the lugersoll “ Eclipse” drill, is moved oy ste»m, bqt npo* 
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i quite different principle. In these (wo drills, there is nostcam cushion for (he 
piston to strike against on the down stioke, the force of which is thus more 
jouipletely expended upon the rock. The cushion behind or above the piston, 
>u the return stroke, is formed by exhaust steam. Noth of these diills cut off 
iteain betorc the completion of either stroke, thus using the steam expansively. 
Ju the down stroke, the “Economizer” cuts olf earlier than the “Muggei.’ 
deuce its name. In both machines 
he point of cut-off is fixed when 
he machine is made. 

Art. 34. lu the improved 
Burleigh drill, the valve, V, 
ffg 7, is moved by two tappets, 
r T', which aie alternately stiuek 
>y the ends of the piston, 1\ 

Art, 3 !i. In the “Dynamic” 
ock-drill, invented by l»rof lie 
Colson Wood, the valve is 
ittachcd to a valve-piston, V, Fig 
, which is moved backward and 
orward by steam, whieh is ad¬ 
apted so as to act alternately 
ipon its two ends. The admission rig. 0. 

>f this Rteain is controlled by a small auxiliary valve, a. A bub on the back oi 
be auxiliary valve fils in the spiral gioove show u on the jdug, n. This plug is 
onstantly pressed dm* nwaid (as the 
r ig stands) by steam pressing upon 
ts upper shoulder, but it is lifted at 
ach forward Btroke by the conie.d 
urface of the piston, 1’, pressing 
gainst its foot. It thus moves con¬ 
tent ly up aud down, euitying the 
alve, a, with it. Jty turning the 
ilug, n, by means of the adjusiing- 
tero, a.the bnbof the valve is made to 
ccupy a higher or lower point in the 
iral groove, and thus the stroke of 
epistou may be varied, or may be 
onnned to any part of the cylinder. 

In this drill, unlike the Ingersoll, Art. 27, thepftNton rotate* while making 





Fig. 8. 


he doicmeard Rtroke. The pinion-rod. o, is made lighter than in 

drill*. '1 hiR gives a greater surface under tho piston for the pressure 
u the Bteam on the up stroke, and, consequently, greater lifting power. This 
a useful when the drill slicks in the hob*. 

The tripod leg* are of bar iron. Their length is adjustable. 
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Art. 36. The Pierre hand rock-dr? il is a percussion drill 
wojked by a crank which turns a disc about 2 It in diam. The disc lias a stmii-circulnr 
slot, in which works the arm which raises the drill-rod. This arm, in rising, compresses 
a coil-spring, which, on the down atioke, duves the drill against the rock. An iron 
ball, weighing 30'Uw or root e, is furnished with each machine. This bull maybe 
screwed to the top of the drill-rod, for giviug greater force to the blows of the drill. 
The ball may he used without the spring, by disengaging the latter. 

The drill makes about 4u strokes ol 10 or 12 ms per ummte; ami bores holes from 
% to 2U ins diuiu. It can be arranged to drill to depths ol ‘i0 It and over. For 
sharpening the bits, it lias an emery wheel attached, which is turned by the crank. 
The latter, at such times, is thrown out of gear with the disc. 

The drill is mounted on a rectangular two-legged frame, about 5 ft high 
by 2 ft wide, made of Iron tubes. To the top of this frame a third leg is attached, 
by adjusting which the angle ol the drill-rod with the veit may be chauged. Like 
other per uhsioii drills worked by hand-power, this one ceases to work to advantage 
when said angle exceeds about 45°. 


Art. 37. Channeling consists hi making long, deep, and narrow cuts in , 
the r«>ck. In this way large blocks can be gotten out without blasting and the con- 1 
sequent danger of fracture. This is ordinarily done by boring a row of holes about -1 
an inch apart in the clear, aud then breaking down tbe intermediate spaces by 
means of a blunt tool, culled a broach. This is called broach channeling. 
For this purpose a steam drilling nuuhine 1 b mounted upon a her bar resting upon 
two pairs ot legs. The hor liar is placed over the intended row of holes, and the 
drill is slid along upou it from one hole to the next. In using the broads the rotat¬ 
ing Hppiuatus is thrown out ot gear, so that the edge of the bioach maintains its 
position in line with the row of holes 

Art. 38. The (touiKlors patent channeling machine, of the 

Ingersol! Co, consists of a rock-dnlling machine, having, m place of the usual drill¬ 
ing-bit, a gang of tools consisting of a number of chisels, clamped together side by 
side, and thus forming a cutting tool about 7 ins long by % inch wide. This tom 
has as many cutting-edges (each os long as the tool is wide) as there are chisels. 
The machine is auppmted upon a carnage, moving on a tiack parallel with the 
channel to be cut. The tool is of course uot rotated; but the riflt-l»ar. A, Fig 4. is 
employed to move the uttriage along the track about an inch after each blow. The 
carnage remaiiiB stationaiy while a blow is being struck. Under favorable circum¬ 
stances thii* machine' h ah cut trom 80 to 100 hij It of chanuel per day of ten 
hours. Its weight, including carriage, is about 5000 lbs. 

A valve is provided, by which, if desired, the steam may be shat off trom 
the piston on the dow ii stroke, so that said stroke may be made with only the weight 
of the piston, rod, aud drill. 

Art. 30. The Ingersol I Co have a special appliance, designed by Mr. W. L 
Saunders, C E, tor drilling and blasting rocks under water, even 

when they are covered by a considerable depth of mud. 

Art. 40. Air compressors for rock-drills, as made and used in.thls coun¬ 
try, are mostly hor, direct-acting engines. That is, the axes ot the steam- and air- 
cylinders are hor; and the piston-rod pusses directly from the steam-cylinder into 
the air-cylinder, A fly-wheel is attached, by a crank and connecting-rod, to the 
piston-rod. Sometimes the b team-engine is separate from the compressor, and the 
power is couveyed to the latter by belts or gearing; or water-power may be used jin 
the same way. The air is forced into a receiver, which is generally a plate-iron 
cylinder, 3 or 4 ft in diam, and 5 to 12 ft loug. 

If the air- or pumping-cylinder of the compressor Is so arranged as to take In aii 
on one stroke only, and lorce it out into the receiver upon the return stroke, it ii 
“single-acting,” If. at each stroke, it both takes in and forces out air, it is 

double-acting.” If the compressor has only one air-cyUnder, it is “ sin¬ 
gle.” It it has two, and thus practically consists of two single compressors, it i» 
“duplex.” 

The valve* may bo either “ poppet” valves, held In place by springs, and 
operated by the pressure of the air itself; or Hlide valves, operated by t ccentric* 
ami rods, as in steam-engines. 

The compression of the air develops heat. This is removed either by causing 
cold water to circulate through the air-piston, and through jackets surrounding the 
air-cylinder; or by injecting it into the air-cylinder in the form of spray. Or both 
methods may bo used together. 
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Art. 41. The following partial list, of Clayton compressors, compiled from 
data given by the makers, shows the dimensions and performance of 
each. We give also a list of their receivers. 


CLAYTON DOUBLE-ACTING AIR-COMPRESSORS. Partial List. 


Number, designing the sue 
of the macbiue. 


Duplex Direct-acting* Compressors. 


Diam of steam-cylinders.ins. 

“air “ .ius. 

Length of stroke.ins. 

Number of revolutions per minute. 

Cub if of free air compressed per minute.Actual. 

Approximate wt oi compressor.lbs. 


Approx number of rock-dulls with 3-incb cyls sup¬ 
plied with air at 00 to 8u ib-. pti hj inch. 

Single Direct-acting* Compressors. 


Diam of steam-cylinder.ins. 

“ air “ .in-. 

Length of stroke.ms. 

Number of revolutions per minute. 

Cub ft of free air compressed per minute—.At tunl. 

Approx wt of compressor... 


Approx number of rock-drills with 3-iiich cyls sup¬ 
plied with air at 00 to 80 lbs p«-i *q inch. 


1 


4 

7 

8 

10 

14 

ie 

8 

10 

14 

18 

12 

13 

15 

24 

(120 

100 

100 

80 

■< to 

to 

to 

to 

(140 

180 

120 

90 

136 

210 

438 

900 

3000 

7000 

15000 

25000 

2 

4 

8 

18 

8 

10 

14 ! 

18 

8 

10 

14 

18 

12 ! 

13 

16 

24 

(120 

100 

100 

80 


to 

to 

to 

(.140 

130 

120 

90 

68 

106 

219 

450 

1060 

3860 

8260 

13760 

1 

1 

a 

« 

9 


• The prloe of ft compressor alone, to be worked by a separate steam-engine or water-power Is * 
aourse less than that of the above compressor and engine combined. 


Air-Receiver*f vertical and horizontal. 


Diameter 
Inches. 1 

Length, 
j Yeet. 

I Approximate 

1 weight, lbs. 

| 

Diameter, 

Inches. 

Length, 1 
Feet. 

Approximate 
weight, Dm. 

88 

' * 

1 700 

40 

8 

1676 

30 

1 7 

1 890 

40 

10 

1900 

36 

8 

; 1560 

40 

11 

2000 

40 

6 

; 1600 

40 

12 

2100 


The Air-Receivers have brass-face pressure gauge, glass water-gauge, safety-valve. 
Mow-off valve, try-cocks, flanges and connections to automatic feed on comprewor. 
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Traction on common road*, and ranah; or the power reqdtodraw 
vi hides and boats along them. 

The following table allows tolerable approximations to tnc force in lbs per ton, reqd to draw a stag* 
coach ami passengers, up ascents on the Holyhead turnpike road m England, (a flue road,) by horns, 
as ascertained by means of a dynamometer The entire weight was IX tons. but in the table, the 
results are given per single ton. From the nature of such cases, no great accuracy is attainable. 


Proportional 

A seeUl. 

Ascent iu Ft. 
per Mile 

At 4 Miles 
per Hour. 

At 6 Miles 
per Hour. 

At 8Miles 
per Hour. 

At 1C Miles 
per Hoar. 




Lbs 

Lbs. 

Lbs. 


310 T 

210 

216 

225 

240 

1 20 


196 

202 

212 

229 

1 “ 26 

20.1 1 

155 

160 

166 

176 

1 •* 30 

176. 

137 

142 

147 

154 

1 " 40 

132. 

114 

120 

124 

130 

1 (•> 

82 5 

100 

lift 

120 

126 


44 7 

102 

107 

113 

120 


38 3 

90 

103 

109 

117 

] '• lofi 

33 9 

98 

101 

106 

112 



93 

06 

101 




81 

85 

01 

96 

Lend 

0 

76 

80 

85 

91 


The following results most of them with the same instrument. are also in !bs per ton, with a four- 
wheeled wagon, nt a -low pace, on a level, and the roads in lair condition. 

On a cubical block pavement . ^ ®» 8 P , r ten..........AO SO. 

•• Me tdnm road, of smalt broken atoue. 62 | ^ ^ probably to To. 

41 gravid road.-. “ “ * . _ r 

Telford road, of small stone on a paung nr spiiwIs 46" ( 4 

" broken smne on a lwd or cement concrete. ,fi '* J* \ w 

“ common earth roads. 200 to .100. On a plank road M, to 50 lbs 

The tractive power of a horse diminishes as his speed In¬ 
creases: and perhaps, within certain limits. wty from % to lour miles per hour, 
nearly In Inverse proportion to it Thus, the average traction id a horse, on a level, and actually 
pulling for 10 hours in the day, may lie assumed approximated! as follows 

Miles per hour. Lb*. Traction. Miles per hour. Lbs. Traction. 

x .MS M *54. n 

1 .250. .100. 

.200. «*. 90.91 

ififiiw A . 83.88 

. 71.43 

. 62.50 


Ik.... 

Ik.itmnn 

1*;.142.86 

“ . 125. 


3k. 


If he works for a smaller number or hours, his traction mar increase as the hours diminish ; down 
to about 5 hours per dav and for speeds of about from 1 X to 3 miles per hour. Thus, for 5 hour* per 
dsv his traction at 2k miles per hour will be 200 lbs, ftc. When ascending a hill, his power diinin 
tube* so rapidly, from hating partially to raise his own weight, (which average* about 1000 to 1100 
lbs.) that up a slope «f 5 to 1, be oan baicly struggle along without any load. On such au ascent. 

he must oxert a force equal to 489 Bs per ton. or of 196 Bs for 
the 1000 Bs of his own weight. Assuming that on a level piece of good turnpike, he would when haul¬ 
ing a cart and load, together weighing 1 ton, have to exert a traction of 60 B«: then on ascending a 
hill of 4° inclination, (or 1 In 14 8; or 36!>k rt per mile,) he would have ui exert 166 Bs. against tbr 
gravity or the 1 ton : and 67 Bs, against that of his own weight. or 223 Bs in all. He msy, for a few 
mins, exert without injury, about twice his regular traction. This Calculation shows that up a bill 
of 4°! an average horse is fully tasked in drawing a total load of one ton : and should, therefore, be 
allowed in snob a case, to choose hi* own gait: and to rest at short intervals. A fair load for a single 
horse with a cart, at a variable walking pace, working 10 hours per day, on a common undulating 
road In good order, I* about half a ton, in addition to the cart, which will be about half a tan more. 

With two horses m this same cart, the load alone may be about 1* tons. . 

Rkm. Since the action of gravity la the same on good roads and bad ones, it follow* that 

AgfentM become more objectionable the better the road la. 

Thus, on an asoent of 2°, or 184.4 ft, per mile, gravity alone requires a traotion of 78 Bs per ton • 
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which in about 10 time* that on a level railroad at 6 mile* an hour, but ouly about equal to that on a 
level common turnpike road, at the same speed. Therefore, (to apeak somewhat at random,) It would 
require 10 locomotives instead of 1, but only 2 horses iusiead ot I A grade or I in .!j , or 150 ft to a 
mile; or 1° US', is about the*teepest thut penults horses to be di iven down a haid smooth road, iu a 
fast trot, without danger. It should, thuretoie, not be exceeded except when absolutely necessary, 
especially ou turnpikes. 

On cniitftlN anil other waters, the liquid is the resisting medium that 
takes the place of friction ou lex el ro ids. But unlike fuctiou It-resistance vanos as the squares ol 
the vels; at leu*t fioiu the tel or l ft per sec, or 1 .it. 1 miles per hour; U 

that or 11 '/i ft per sec, or 7 84 ni per h. As the speed falls below 1 H m per h. the resistance varies less 
uud less i apidly ; and tins is the case wheihei the moved body Boat* partly above the surface; or is 
entirely immersed. In toiving along stagnant canals, Ac. the \d i* usually from 1 to 2\ m per li. 
for freight most frequently trum I 4 to 'i. Less foiee is requites] iu low a boat at sav 2 m per h, white 
there is no curreut, than at say 1‘ 4 iu per Ij, against a cuircut ol ■'« m per h, because iu the last case 
the boat has to tie h/led up the very gradual inclined pluue or slope* Inch produces the current. 

The foroe required to tow a boat along a canal depends greatly upon the comparative trausverse 
sectional areas of the channel, and of the Immersed portiou of the boat. When the width of a canal 
at water-line is ut least 4 times that of the boat; and the area of its transverse section asgicatas at lea-1 
t»> 9 times that of the immerted iiausverse section of the boat, the towing at usual canal vels will be 
about as easy as in wider and deeper water. With less ditueusions, it becomes more difficult. (D'Au- 
buisson.) Much also depends ou the shape of the bow and other parts of the boat; and ou the propor¬ 
tion of its length to its breadth and depth, lienee it Is seen that the mere weight of the load is by no 
means so con trolling an element as u is on laud The whole subject, however, is too intricate to be 
treated of here. Morin states that naval constructors estimate the resistance to sailing and steam 
vessel* at sea, at but from about ft to 7 of a lb tor every sq ft of immcised nans verse section, when 
the vel is 3 ft per sec, or 2.04b miles per hour. It is far greater on canals 

On the Schuylkill Navigation of Pennsylvania, of mixed canal 

and slack water, tor 108 miles, tht regular load for 3 horses or mules, is a bo it of very lull build; ami n« 
keel: 100 ft long, 174 ft beam ; and 8 ft depth of hold, drawing ft's, ft when loaded Weight of bool 
about 65 tous, load 175 Urns of coal. (2210 lbs.) total weight '240 tons, or 80 tons per horse or mule. 
On the down trip with the loaded boats, for 4 dav *, the animals are at work, artnaUg t« / uni, (except 
at tbe locks,) for 18 hours out of the 24; thus exceeding by far the limits of time usuallv allowed for 
continuous effort. 

Ou the canal sections, (which have 60 ft water-line; and 6 ft depth,) the speed Is 1* 4 miles per hour.' 
and ou the deep wide pools, 2 miles 

On the up trip with tie einptv 65 ton boats, the average speed is about miles per bour. The 
smpty bouts draw IB to 1* iu» w aicr, and frequently keep ou without stopping to rest dav or night 
through tlie entire distance of IDs miles. The animals generally have 2 or 8 nays' rest at each eud of 
the trip, but are materially deterior ited at the end of the boating i*mi 
If our preceding assumption ol 14.! Its traction of a horse at 1?. miles per hour, is correct, the 

.notion of the loaded boats on the canal sections is — —— = I 83 lbs per tou. 

The intelligent engineer and superintendent of the Sch Nsv, .Tames P Smith, gives us the results 
if his own extensive observation, that one of these large boats loaded (240 tons in all) mav, without 
iistressmg tbe animals, I* drawn along the canal sections, for 10 bouts per d ix, as follows- By one 
iverage horse or mule, at the rate of 1 nnle; by two animals, at I «j wiles; and by three, at 1 » 4 "miles 
>er hour. When four animals are used the gain of time is very trifling At a time of nvalrv among 
he imatmen. one of them used 8 horses . but with these could not exceed 2\ miles per hour in the 
:anal portions. Two or more horses together cannot tor hours pull n-i much as when working sepa 
•ately. 

If our preceding short table of the traction of a ho'Se at diff vel- for 10 hours is correct, then th« 
ractlon of the above loaded eon) boats (210 tons) on the cm si sections of the navigation is as follows: 
’he last column shows the traction in lbs per sq ft of area of immci *ed transverse section where largest: 
is, about 05 *q ft. 

Horses. Mile* per Hour. Lbs. per Ton. Lbs. per Sq Ft. 

1 .' .fj ®.1 04.2.6.5 

*.'Hi. Yil .l».3 50 



3 on pools.2 . 

8 .. 


3 7 ft 
2 10 
*00 
240 


.I Ml.3 95 

• • • »'«.*42 


3 “l»'rfp.. 3 C°iP.4-bl . 12.50 

Larhlne Canal. Canada, 120 a wide at water-line; 80 ft at bottom • dentil 

in mitre sills it rt, fi horses tow loaded schooners with ease 1 v 

Befor. ib««Dl»rfraeiilof Uu Erls rnilnl.t It, «t, ri boUOT ,. 

, ft depth of water, i be average weight of the boat* was alioiit .10 unis. With 7ft tmi* ( ,t load or 105 
ons total, they were towed by 2 horses, at the rate of about 2 miles per hour, which by our table glv« 
1 trmci ,0 «‘ of nearly 2 4 lbs per ton. The boats wtre about 80 rt long . 14 ft bean., full 3W ft draught 
oaded ; henoe the traction by our table would be about 5.7 lbs persq ft of immersed transverse section. 


nile, J« 0, # l il®680 per mile. The enlarged canal baa 1 0 fit 41 ft; and » ft of water I 
md cost $90800 pee mile for the enlargement only. The coat of the several tit nuts k Pannsvlvanll 
ms ranged between $23000 and $50000 per mile. eenaie » reusyiva» 
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While. for 82-ton loaded boats on a 
1 \ miles, would be iVt lbs per ton , 
lbs per *q ft of Immersed section. 


smaller caual. (the boats nearly touohing bottom,) the traction at 
or about twice as great as the above 1.78 lbs. It also would be 5.7 
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Al*l 1* So tsir <i- iej{»ir«I t t hoi hi*h, this ttubjrit ban ln*<i) partially considered 

under the preceding head, 1 ram.-n All climates on this subject must to a certain extent be vague, 
ewiuc to the did strengths and speed- of animals of the same kind; as well as to the extent of their 
tidining to anv particular kind ot wolk. Authorities ou the subject di(ler widely ; and aomettme- 
c \ pi css themsil ves m aloo.e manner that throws doubt on their moauing. We believe, howevci 
Hut the following will la; found to he as close approximation to practical averages as the natun ■ «f 
■he case admits of with our preseut Imported knowledge. We supimae a good average trained horse 
weighing not less than about X a ton. well fed and treated Such a one when actua ly walking : f " r 
10 hours a day, at the rate of 2)4 miles per hour, ou a good level roiid, BUth as the tow path of acanal, 
nr a circular horse path,* CBB CXert H COnUnUOllS* pull, draught, power, 

nuteapeMunir 220^ per min, or ft per sec; and sinoc 10 hours contain 600 min, 

his day's work of actual hauling on a level, at that speed, amounts to 
—a ft lhe 

) X 220 X 100 = 13200000 ft lbs per day. 

_ . at he exer_„ 

day w ti/f KUlWOOO lbs 1 foot high; or f.ia0wi) lbs 10feet high; or 132000 lbs 100 fthigh, Ac He may 
exert this force cither m tract,o» (hauling) or iu Ufnnq loads If he has to nit** “™“ 11 J°"JJ* * 
ffu-at lieieht the machinery through which he does it mn-t Is- so grat'd as to gain speio. at the loss 
(• omiuonlv but improperly so expressed) of power Whethtr be lifts the great weight through a 
small height, or the small weight through a great height, he exerts precisely the same amount of 
force or power. 

experience shows that within the limits of 5 and 10 hours per day, (the speed remaining the same, 

11m* draft of a home may be increased in about the same pro¬ 
portion ns the time in diminished: so that when working from 5 to 10 honn 
per day, it will be alioiit as shown in the following table. Hence, the total amount of 13200000 ft-fl>» 
pci dny rna.v lie accomplished, whether the horse is at work 5, 6, or 6, <fcc, hours per day.; This, of 
course, supposes him to be actually lifting or hauling all the time; and makes no allowance for stop¬ 
pages for any purpose. 

Table of draft of a horse, at miles per hoar, on a level. 

Honrs per day. Lbs. Hours per day. Lbs. 

10 . 100 7 . 142 £ 

9. UtJ 6.166)4 


Experience also shows that at speeds between % and 4 
miles an hour, his force or draught will be inversely in pro- 

n rtion to his speed. Thus, at 2 miles an hour, tor 10 hours of the day, his 

iglit will be 

miles mile* tbs tbs 
2 : 2)4 ;; 100 : 125 draught 

At 1M miles, It would be 166)4 lba; at 3 miles, 83)4 0‘s; and at 4 miles, 62Jy lbs ; as per table In 
Traction 

Therefore, In this case also, the eutlre amount of his dn\ s work remains the same and within 


* To enable a horse to work with ease in a circular horse-walk, its diani 
should not be less than 25 ft, 30 or 35 would be still better 
f A nominal horse-power ia 33000 ft-Ibs per minute; this being the rate 
assumed by Itoultou and Watt in selling their engines: so that purchasers wishing to substitute 
steam for horses, should not be disappointed. Thplr assumption can be carried out by a very strong 
horse day after day for 8 or 10 hours; but as the engine can work day aud night for mouths without 
stopping, which a horse cannot. It l>- plain that a one-horse engine can do much more work than any 
one such horse. Renee many obj'e. i to the term horse-power as applied to engines; bat since every¬ 
body understands its plain meaning, and such a term ia convenient, ills not in fact objectionable. 
Boulton and Watt meant that a one-horse engine would at any momeut pertorm the work of a very 
strong horse. An overaye horse will do but 22000 ft-lbs per min. 

t It is plain that although the day's labor will be the same, that of an hour, or of a min, will vary 
with the number of hours taken as adnv's work. It must be remomliered that a working day of a 
given number of hours, by no means implies, iu everv case, that number of hours of actual work; 
but includes Intermissions and rests 

\ ThlM remark about speed will not apply to loads towed 
through the water. Thus, if his draught at 2 miles an hour be 126 lbs; and 
it 4 mllei, 82)4 : he will on land draw loads in these proportions; but In hauling a boat through 

the. water at the greater speed, he has tc moounter the Increased resistance of the wafer Itself; which 
resistance at 4 miles Is much more than twloe as great as at 2 miles; probably 4 times as great. 
Therefore, at 4 mile* on a canal, his draught of 62)4 tbs would not suffice for a load half as great a( 
Be could tow with his draft of 125 But at 2 mile*. 
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Mil the foregoing limit* of hoar* and speed, may be practically taken to be about 13 200000 ft-lb* pet 
day; or 22000 ft-fta per min of a day of 10 hour*. But It does not follow that the horse oan always 
in practloe actually lift loadt at that rate, because generally a part of his power Is expended In 
overcoming the friction of the maohluery which he puts in inutlou ; and moreover, the nature of th* 
work may require him to stop frequently ; so that In a working day of 8 or 10 hours, the horse may 
not actually be at toork wore than 5, 6, or 7 hours. 

As a rough approximation, to allow for the waste of force in overcoming the friction of hoisting 
machinery, and the weight or the hoisting chains, buckets, Ac, we may say that tile UMCful 

or paying daily net work of a home, in hoisting by a com¬ 
mon gin, i* about 10000000 ft-lbs. That is, he will raise equivalent to IOOOOOOU lbs net ol 
water, or ore, Ac, \ foot. The load which be cuu raise ut once, including chains, bucket, and an 
allowance fur friction, will be as much greater thau his own direct force, as the diarn of the horse 
walk is greater thau that of the winding drum, and it will move that much slower than he does. 
His own direct force will vary according to the number of hours per dav that he may be required ta 
work, as in the foregoing table. \Vuli these data, the site of the buckets can be decided ou, and «f 
these there should be at least two, so tlut the empty one at the bottom may be filled while the full on* 
at lop iR being emptied ; so as to save time. The same when the work is douc by mcu. 


Art. 2. A practised laborer hanling along a level road, by 
a rope over his shoulders; or in a circular path, pushing betoro him a 

hor lever, at a speed of from 1 to 8 miles per hour, exerts alxiut part as much force as a horse’ 
or 2200 000 ft-lbs per day ; or 3666$$ ft-Tbs per min or a day or 10 hours of actual hauhug or pushing. 

Rut laborers frequently bave to work under circumstances less advantageous for the exertion of 
their force than when hauling or pushing in the nianucr ju«t alluded to; and m such cases they cannot 
do as much per day. Thus In turning a winch oi crauk like that of a grindstone, or of a crane, the 
continual bending of the body, and motion of the arms, is more fatiguing. TllC sllEC of a 
Winch should not exceed 1H ins, or the rad of a circle of 3 ft diam ; and against 
it a laborer can exert a force of about 16 lbs. at a vel of 8Vj ft per sec, or 150 ft per nun, making very 
nearly 16 turns per min; for 8 hours per day. To these 8 hours uu addition must be made of about 
M part, for short rest*. Or if a working day Is taken at 8 or 10, Ac, hours, > ( part must generally be 
taken from it for such re,i> Ou the foregoing data an hour’s work of GO min of actual hoisting 
would be 

lb* ft min 

lii X 150 X 60 = 144000 ft-lbs; 

or, deducting part for rests, 115200 rt lbs per hour of time, including rents. In practice, however 
a further deduction must be made for the fric of the machine, and for the wt of the hoisting chains; 
aDd in cose of raising water, same. ore. Ac. from pits, for the wtof the buckets also Ah * rough 
average we may assume that these will leave but 100000 ft lbs of paying, or useful work per hour; 

that is. that a man at a winch will actually lift equivalent to 
lOOOOO lbs of water, ore, Ac, 1 foot high per htmr's time. In¬ 
cluding rests. This i* equal to 1666$$ ft lbs per min of a day of 10 hours iurluding rest*. 
Therefore, in a day of 10 working hours he would raise 1000000 lbs net. 1 tool high , Or Just ^ 

C art Of what a horse wonhl do with a gin in the same time. We have 
fore seen that iu hauling along a kvcl road, he can at a slow pice peril.iro about $$ of the dally 
duty of a horse. He mav also work the winoh with greater force, sav up to 30 or even 40 lbs, but 
he will do it at a proportionately slowtr rate; thus, accomplishing only the same daily duty 
With a gin, like those for horses, bnt lighter, with 2 nr more buckets, a prao 
tlted laborer will in a working day of 10 hours, raise from 1 200000 to 1 400000 ft-lbs net of water, ore 
Ac. With a shallow well or pit, more time is lost in emptying buckets than In a deep one; but the 
deep one will require a greater wt of rope. To save time in all such operations on a large scale, there 
should be at leait two buckets; the empty one to be filled white thj full one Is being emptied. It is 
also best to employ 2 or more men to hoist at the same time, bv winches, at both ends of the axis; 
and the men will work with more ease if the winches are at right angles to each other. Each winch 
handle mar be long enough for 2 or 3 men. An extra man should he employed to empty the bucket*. 
He may take turn* with the holsters. The same remarks apply in some of the following oases. 

On a treadwheel a practised laborer will do about 40 per cent more daily 
duty than at a wlneh; or in a working day * of 10 hours, including rests, he will do about 1 400000 ft- 
lb*. And he oan do this whether he works at. the outer olrcnmf of the wheel, stepping upon foot¬ 
board!, or tread-boards, on a level with Its axlR; or walk* inside of It near its bottom In both oases 
he act* by bis wt. usually about 130 to 140 lbs, end not by the muscular strength of hi* arms. When 
at the level of the axis, his wt acts more directly than when he walks on the hoi tom of the wheel; 
but In theflr.t case he has to perform a slow and fatiguing duty resembling that of walking up a 
continuous flight of step*; while in the second he has ns It were merely to ascend a very slightly In 
cllaed plane ; whioh he oan do much morn rapidly for hours, with comparatively little fatigue: and 
this rapidity compensatea for the less direct action of his wt. Therefore, In either onre, as ex;>eriene« 
ha* shown, he accomplishes about the same amount of dnllr dntv. Treadwhecl* mav he from 5 to 25 
ft in diam. according to the nature of the work. They are generally worked by aevernl men at nnoe, 
and may at times be advantageously used In pile-driving, at well as In hoisting water, stone, Ac. 

By a (food common pump, property proport’onod, a practised laborei 

will in a day of 10 working hours, raise aboui 1000000 ft lbs of water, oet.t 


Balling with a light bucket or scoop, he can accomplish about 
200000 ft lbs net of water. By a bucket and MWlipc. (a long lever reeking vertically, 
and weighted at one end so aa to balance the full bucket hung from the other; often seen at country 


•The working day mnst he understood to include necessary rest*, and such intermission* as th« 
nature of the work demands ; but does not include time l<mt at meals. A working day of 10 hour* 
may, therefore, have hut 8, 7, or 6. Ac hours of actual labor. This will he understood when we here 
after speak of a working dav, or slmplv a day. 
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•ell*,) 600000 to800 ono. Ill the taut ho has only to poll down the empty bucket, and thereby raise the 
counterweight. By 2 bucket* at the end* of a rope *ii*pen«led over 

a pulley , 500000 to 6M 000. Here he work* the buckets by pulliug tho rope by hand. 

By a tyinpau, or tympanum,* worked by h treudwhccl, about 1200004 

iO 14O0 ooo. 


By a PerNian wheel.f a chain-pump, a chain of bucket*,! or 
an Archimetle* xcrew, all winked by a trend wheel, from S00000 to 1 000000 

rt-ths Of these four, the Ural three lose useful ottect by either »pilliug, leaking, or the necessity for 
raising the water to a lei el somewhat higher than that at which it is discharged 
When any of the five foregoing machines are worked by men at winches the result will be about 
% 'eta than by tread wheels. They are all frequently worked also by either steam,water, or horse-power 
By walking backward and forward, on a lever which rock* 
on it* center, a man may, according to ItohiHon'x Merit I’hiloHophy, perform a 
much greater duty than by any of the preceding modes. He states that a joung msn weighing 135 
Ibi, and loaded with 30 lbs in addition, worked in this manner foi 10 hours a day without fatigue; 
ana raised W; 4 cubic feet of water, llj* ti high per min. This is equal to«J9b4000 ft lbs per day of 10 
hours; or W>W ft lbs per min; or nearly of the net daily work of a horse in a gin. 


A laborer Mtandinp? Htill, can barely sustain for a few min, a load of 100 

Bis, bj a ro|>e over his shoulder, and thence passing off border a pulley. And scarcely as muoh, 
When (facing the load and pullet > he bolds the end of a hor rope with his hands before him. He can¬ 
not push hor with his hands at the height ot bis shoulders, with more than about 30 lbs force. 

Weisbaeh states from bis own ohsertation, that i practised men raised a dolly (a wooden beetls 
or rammer, of wood; with 4 hor projecting round bars for handles; weighing 120 lbs, 4 ft high, at th« 
rate of 34 times per miu, for 4VJ miu ; and then rested for 4J>$ min ; and so on alternately through 
the 10 hours or their working day. Therefore, 5 of these hours were lost in rests; and the duty per 
formed by each mau during the other 5 hours, or 300 mini, was 


- 1224 000 ft-lba. 


In the old mode of driving pile*, where the ram of 400 to 1*200 Ihi 
suspended from a pulley, was raised by 10 to 40 men pulling at separate cords, from 35 to 40 lbs of the 
ram were allotted to each man, to be lifted from 12 to 1R times per min, to a height of 3^ to 4J< feet 
each time, for about 3 min at a spell, and then 3 min rest It was \er\ laborious; and the gangs had 
to be changed about uourly, after performing but K *n hour’s actual labor. 

Hunting by horac*. Sec Traction. When working all day, say 10 working 
hours, the average rate at which a horse walks while hauling a full load, and while returning with 
the empty vehicle, is about 2 to 2>£ miles per hour; but to allow for stoppages to rest, Ac, it is safest 
to take it at but about 1 8 miles per hour, or 160 ft per min. The time lost on each trip, in loading 
and unloading, may usually be taken at about 15 min. Therefore, to find the number of loads that oan 
be hauled to anv given dial In a day, first Bud the time in min reqd in hauling one load, and return 
ing empty. Thus; div twice the dist in ft to which the load is to be hauled; or in other words, div 
the length in ft, of the round trip, by 160 ft. The qunt is the number of min that the horse is in mo¬ 
tion during each round trip. To this quot add 15 min lost each trip while loading and unloading; the 
sum is the total time in min oooupled by each round trip. Div the number of min in a working day 
(600 min in a day of 10 working boars} by this number of min reqd for each trip; tbe qnot wilt be the 
number of trips, or of loads hauled per day. 

Kx. How many loads will a horse haul to a dist of 960 ft. In a day or 10 working hours, or 600 min ? 

Hare, 960 X 2 = 1990 ft or round trip at each load. And —— = 12 min, oocupied in walking. And 

*fio gOO min in 10 hours 

12 + 15 in loading, *e)=27 min reqd for each load. Finally, — - ~mTn per trlp~ = J21, or 
■ay 22 trips, nr loads hauled per day. 


Table of number or load* hauled per day of 10 working 
hour*. The first col is the distance to which the load is actually hauled; or half 

the length of the round trip The oost of hauling per load, is supposed to be for one-horse oarU; the 
driver doing the loading and unloading; rating the expense of horse, oart, and driver at t2 per day. 


* The tympan revolves on a hnf shaft; and is a kind of large wheel, the spokes, arms, or radii of 
which aro guttera. troughs, or pipea, which at their outer ends terminate in sooops, whloh dip into 
the water As the water is graduallv raised, it Bows along the arms of the wheel to its axis, where 
It is dlsohd. The aooop wheel is a modification of it. It is an admirable machine for raising large 
quantities of water to moderate heights. We cannot go into any detail respecting this and other 
hydraulic maohlnes. 

1 A kind of large wheel with buckets or pots at the ends of its radiating arms; revolves on a hor 
axis; discharge* at top. The buckets are attached loosely, so as to hang vert, and thus avoid spill¬ 
ing until thev arrive at the projier point, where they oome Into contact with a contrivance for tilting 
and emptying them. The uoria is similar, except that the buckets are firmly held in place, and thus 
•pill much water. It 1* therefore Inferior to the Persian wheel. 

I An endless revolving vert chain of buckets. D’AubuUion and aorce others erroneously call this 
the oorU. It Is an effective machine. 
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If the binding ami unloading h witch a' cannot Ik? done t>y the dt n< r ah'iie, but requite* the loop 
uf cranes, or oilier niacin net >. .in addition ot from 10 m ■Win )ki I" * I nun he* nine im-eyitrt H.n. 
mg cuu generally be un-re cheaply dune In using - «»• •< horses, and om drnei tou\elittl» me neat 
load tier horse, in addition to tin* vehn Ic, will usually Ik* Iioui Si to 1 ton. depending on tin* loio.iiioii, 
and grades of the load Fiorn Id to 15 cub It nt solid stone; oi fioiu it to 2i < ult Icet nr Innheii Mom*. 

make l ton In estimating for hauling rough quarry Mono lor 
drain*, cnlverl*. A'O. bear Hi miwl that eacb cub yaid of common scabl.ie.l nibldt 
masonry, requires the hauling of about 1 2 cub yds or the stone us usually piled up for -ale In tl.i 
.bnu x a * of <l>- or.im.1 ri.'k ... ,.u™. A cub y<l •TmlM » »»;•. 
wlion broken into piece*, usually occupies about 1.9 cub ytw 
perfectly IOO*e • or about l 3 * When pil'd up A strong cart for stone hniilittg, will weigh 
about % ton , or 1500 B.s . and will hold stone enough for a per. h «d rubble mason \ , or '.ty 1 l p**r* 
of the rough stone in piles. The nvci.iqe weight or a good woi king horse is aboui a u t"ti 

Morin jfi vos the following result* ftom car. hil **xpci iiimih- nia-l.* »<v 
him for the French Government. The draftof the name wheeled t. Incle on a roul, ma» mpiai'ut 
be considered to be, 

1st. On hard turnpike*, and pavement*: in proportion to th< 
load*; in wnteljr a* the diams of the wheels; and nearly lndiqictident or the »idtli of lire H mu. »*ei 
lo unoertaiu extent* with the inequalities of the toad, the Bttffnen* (want of spring) of the tebiele, 
id the speed; (considerably less than as the square roots of tb. last) 


2d. On soft road*, the draft is less with wide tire* than 
with narrower one*; and for fanning purpose he recommends a width of 
4 ins. With speeds from a walk to a fast trot, the draft does not vary sensibly. 
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TRUSSES. 

INTRODUCTION. 

General Principles. 

1. Truss Design a Specialty. The design, construction and erection 
of trusses have become a specialty, to which persons confine themselves more 
or less exclusively, and thus attain a degree of expertness beyond the reach 
of the general engineer.* The latter, however, should have a knowledge 
of the subject, sufficient at least to enable him to fotm a well-grounded opin¬ 
ion of the general merits of a design and to guard him against the adoption 
of one involving serious imperfections. In a volume like this we can discuss 
only general principles. 

2. The Truss Principle. Theoretically, a truss consists of a number 
of straight bars, joined, near their ends, by perfectly flexible joints, loaded 
only at these joints, and so arranged that all its internal stresses are sus¬ 
tained by its members, and only the vertical t pressures, due to the weights 
of the truss and its load, are transmitted to the abutments. 

3. Distinction between Beams and Trusses. When a solid beam 
(Fig. 2, H 7, Transverse Strength) bends, under its own weight or under that 
of its load, all the fibers above the neutral axis are compressed, while all 
those below arc extended; and the resulting change of length, in each fiber, 
is proportional to the distance of the filler from the neutral axis; but, in a 
truss, the loads (including the weight of the truss itself) are theoretically 
regarded as divided into portions which are concentrated at the joints be¬ 
tween the members and which act through the cens of grav of their cross- 
serf ious. So placed, the stresses caused by them could n r 't act transversely 
of the members, as in a beam, causing so-called secondary stresses, but must 
act longitudinally or axially of the members, and must be uniformly distrib¬ 
uted over their entire cross-sectional areas. This is the distinguishing 
feature of all trusses. 

4. In such a truss the material would be used most economically, and the 
stresses in each piece and in each part of such piece could be readily and 
accurately determined. 

5. In the truss of a well-designed bridge or roof, this ideal condition is 
approximated «*v using, for the principal members, straight and rather 
slender pieces, and by so distributing the extraneous load that it shall be 
applied only at the joints between the members, thus subjecting them 
chiefly to forces acting at their ends and in the directions of their lengths. 
In pin-connected trusses (see H 17. r >) the joints ate practically flexible. 

Most of the trusses in common use consist of two long members, 
usually horizontal (but see H 49). called chords, extending throughout 
the span and connected by web members, which are sometimes all in¬ 
clined, and sometime^ alternately vertical and inclined. Inclined web 
members are called diagonals. 

6. Ties and Struts. A member sustaining tension is called a rod or 
tie. One sustaining compression is called a strut or post. One capable of 
sustaining both tension and compression is called a tie-strut or a strut-tie. 

The dimensions of a truss are usually measured along the center lines 
of its members; and, in pin-connected trusses, the pins are placed at the 
intersections of these lines Hence, the measurements are usually made 
from “center to center of pins.” 

8. In a plate girder, the flanges are usually regarded as performing 
the function of the chords of a truss, and the web as performing that of the 
web members of a truss. 


* Railroad companies and municipal corporations frequently prepare their 
own bridge specifications; but the general proportions, number of panels, 
etc., are often left to the judgment of the bidders. 

t We here suppose the truss to be loaded vertically. If the load is other¬ 
wise applied, as m the case of the wind pressure upon a horizontal bracing 
truss, the pressure on the supports may be horizontal, or otherwise inclined 
to the vertical, but all the internal stresses are still sustained by the truss 
members. 
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Loading. 

9. Dead and Live Load. In bridges, we distinguish between the 
"dead” and the "live” load; the dead load comprising the weight of the 
permanent structure— i. e., of the bridge itself, with its trusses, bracing and 
floor system; while the live load comprises any temporary and extraneous 
loads, such as engines, cars, horses, vehicles, foot passengers, etc., which 
may come upon the bridge 

10. The dead load is usually distributed uniformly along the span, but 
the loaded chord (that carrying the roadway) of course usually receives a 
greater share of.it than the unloaded chord. The live load comes only upon 
the loaded chord. In determining stresses, it is usual to consider the weight 
of live load and of floor system as being on the loaded chord, and the re^-t of 
the dead load as divided equally between the two chords. It sometimes hap- 
,>ens, however, that both the upper and the lower chords carry roadways. 
They must then, of course, both be treated as “loaded,” though not neces¬ 
sarily equally loaded; for on? may carry a railway while the other carries 
only a highway, 

Unsyinmetrical Loading. Counterbracing. 

11. TJnsymmetrlcal Loading. In Figs. 2 to 10, the loads are sup¬ 
posed to be placed symmetrical^. 

12. If this could be the case in practice, the compression members would 
never be called upon to resist tension, or the tension members to resist 
compression; and the trusses in Figs. 2 to 10 would sutliee (supposing each 
member to have sufficient strength), even though the compression members 
were incapable of resisting tension and vice versa. Thus, the tension mem¬ 
bers might be flexible chains, and the compression members might be posts, 
merely abutting against supports at their ends. 



13. But in a truss, Fig. 1 (a), with a flexible tie in the panel, », as shown, 
the load W, unsymmetrically placed, would cause failure, as indicated. 

14. Counterbracing. To prevent this, those members which, under 
moving loads, may be subjected alternately to both tension and compression 
may be so const ructed as to be able to resist both kinds of siress. That is ti 
say. the tension members may be so stiffened as to be capable of acting a& 
posts, and the ends of the compression members ho connected lo the chords 
that those members can also act as ties. This is the expedient usually em¬ 
ployed in trusses without vertical web members. 

15. Counters. In trusses with rectangular panels, the distortion. Fig. 
1 (o), caused by unsymmetrical loading, is usually prevented by the intro¬ 
duction of additional members called counterbraces, or counters, in distinc¬ 
tion from the “main ” members, which last are designed to resist the normal 
stresses due to uniformly or symmetrically distributed loads. Thus, in Fig 

1 (6) the unsymmetrical load, W, tends to convert the rectangle, p, into a 
rhomboid, by lengthening its diagonal, W d; and this may be prevented by 
the introduction of an oblique tension member (counter) in the line of that 
diagonal, as shown by dotted line. For a similar reason, such a counter is 
inserted also in the corresponding panel, x d. 

16. Triangles. It will be noticed that the introduction of counters 
reduces the truss to a framework made up exclusively of trianqle*. 

17. It might at first sight appear that the several parts of a bridge truss 
must be most strained when covered from end to end with its maximum 
load; but this is true only of the chord and of the main diagonals and verti¬ 
cals near the end a of the truss. The other web members may be more 
Btrained by a part of the load, placed unsymmetrically on the truss; so that, 
although correctly proportioned for a full load, they may be too weak for a 
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partial one. If all be made as strong as the end ones, they will, it is true, be 
safe for a passing load; but this would require an expense of material tnat 
would be justified only in the case of moderate spans, especially of wood, in 
which the additional trouble and expense of getting out and fitting together 
pieces of many different sizes may more than counterbalance the saving in 
material. 

18. In large bridges, where the live load is small, relatively to the dead 
load, but little counterbracing is needed, and that at and near the center 
only; whereas, in a very light bridge, the counters should extend from the 
center, where they are most strained, to near the ends, where the strain upon 
them is least. 

Cross-bracing. 

19. Itraeing between Trusses. Advantage is taken of the proximity 
of the two or more trusses of a bridge, standing side by side, to connect them 
by cross-bracing, thus giving to the entire structure far greater lateral stabil¬ 
ity than would be possible in the single trusses. 

20. Thus, lateral bracing. Fig. 39, consists of horizontal trusses placed 
between the two upper chords of the main trusses, or between the two lower 
chords, or both; the chords of the main trusses acting also as the chords of 
the lateral trusses. The lateral bracing prevents lateral deflection of the 
chords. 

21. Sway bracing, Fig. 64 (r) (called also diagonal, cross, vibration and 
wind bracing), consists of short trusses (usually vertical) crossing the bridge 
transversely and thus connecting the two trusses. The sway bracing has 
its own chords, but uses parts of t he posts of the main truss as its end posts. 

22. Portal bracing, Fig. 54 («), consists of sway bracing (usually in an 
inclined plane) joining tne tops of the end po-ts in trusses of sufficient depth 
to permit its use. The portal bracing, with the end posts, forms a portal 
through which trains, etc., en.er the bridge. 

Types of Trusses. 

23. The simplest form of truss consists of a single triangle, Figs. 
2 (a) and (b). In Fig. (a) the load produces compression in the rafters, 
tension in the chord or tie rod,* and compression ( => the tension in the 
chord) between the heads of the rafters; in 1' ig. (6) vice versa. 

24. The truss shown in Fig. 2 (a) is in common use for roofs of small span, 
as in dwelling-' In practice, it is of course loaded along the rafters, and not 
only at the apex as in Fig. (a); but, in calculating the stresses in truss mem¬ 
bers, we commonly fiist assume that the loads are concentrated at the 
intersection! of the members. The effect of their actual distribution along 
the members is then determined separately, treating the members as beams. 



FI*. 2. Fig;. 3. 


2A. In Fig. 3 (a) (called a King truss), the vertical tie (improperly called 
a King post), and m Fig. 3 ( b) the vertical post, simply carries the weight of 
the load to the apex, i, where it produces the same effect as in Figs. 2 (a) 
and (6). 

26. Hence, neglecting the weights of the vertical tie and other members, 
the stresses, caused by a given load, W, in the diagonals, and in the horizon¬ 
tal tie. Fig. 3 (a), are the same (not only in character, but also in amount) 
as those produced by an equal load, W, in Fig. 2 (a). Similarly, those in 
Fig. 3 (6) correspond with those in Fig. 2 (6). 


* In Figs. 2 to 12, and 14 to 17, double or heavy lines indicate posts or 
struts, and light lines indicate ties 
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27. Figs. 4, 5, and 6, giving modifications of the simple forms shorn 
in Figs. 2 and 3, illustrate in principle most of the bridge trusses in com¬ 
mon use for spans up to 300, 400 or even 600 feet. See Figs. 7 to 10, HH 35.' 
etc. 

28. In Figs. 4. 5, and 6, there is an upper chord, in compression* and a 
lower chord, in tension; the shorter chord sustaining the comprosston be¬ 
tween the heads of the rafters, Figs. 2 (a) and 3 (n\ or the horizontal t *»sion 
between the feet of the diagonals, Figs. 2 (6) and 3 (6). Figs. 4 (o)and 6 (al 
are modifications of Figs. 2 (a) and 3 (a ); Figs. 4 (fa) and 6 (fa) of Figs. 2 (bi 
and 3 (6); Fig. 6 (a) of Fig. 2 (a), and Fig. 6 (6) of Fig. 2 (fai 

(b) 


(«) 

Fig. 4. 

29. Figs. 4 (a) and 4 ( b ) may be regarded as showing Figs. 3 (a) and 3 (6) 
respectively, with the vertical member, as well as the load, split in two. ana 
the two parts separated by horizontal straining pieces. If the loads are 
placed symmetrically, so that the horizontal pressures. Fig. 4 (a), or tensions. 
Fig. 4 (fa), on the two ends of the shorter chord, are equal, the two diagonal 
counters in the center are unnecessary. 

<« 

Fig;. 5. 





30. Howe and Pratt Systems. In Fig. 5 (a) the vertical web 
members .re in tension, and the diagonals are in compression, embodying 
the “Howe" principle, used in bridges with wooden diagonals; w'hile in Fig. 
6 (fa) the verticals are in compression, and the diagonals in tension, embody¬ 
ing thi “Pratt" principle, used in bridges with metal diagonals. In such 
bridges long compression members are objectionab e. 



Fig;. 6. 

81. Warren or Triangular Trusses. In Fig. 6, illustrating the 
"Warren" or “triangular" truss, the web members are all diagonal, a d are 
alternately in tension and in compression. They divide the truss profile 
into isotcele* triangles. 

32. Through, Deck and Pony Spans. Figs. 4 (a), 5 (a) and 6 (a), 
with the roadway on the lower chords, are called “through " spans, and Figs. 
4 (6), 6 (fa) and 6 (fa), with the roadway on the upper chord, are called “deck" 
spans. The deck span permits the use of sway bracing (see H 21) between, 
and throughout the depth of, the two or more trusses forming the bridge, 
while the through span of course does not; but the use of the through span 
Is often required, in order to give sufficient head-room for boats, floods, 
trains on crossing roads, etc., below the bridge. A truss, loaded on the lower 
chord, but too shallow for lateral bracing (see f 20) between the upper 
chorda, is called a “pony" truss (or “pony through" truss). 

33. Panels. The points where the vertical web members meet the 
chords, in Figs. 4 and 6. are called panel points; and the rectangular 
•paces, an,nc.cd, etc.. Fig. 5 (a), between the vert icals, are called panels. 

34. The Warren truss. Fig. 6, has no verticals, as essential parts of it. Bee 
45 and 46. Its subdivisions are called simply triangles; and a panel is • 

length of truss equal to the width of a triangle. A panel of either choni 
however, is that portion of it between two panel pointa. 



*'<*. 7. “*<* Pro,,. 





41. Intersections. In deep trusses, two or more sets of web members 
are sometimes combined in one truss, with one pair of chords. Thus the 
two simple Pratt trusses shown in Pigs. 11 (a) and (6) combine to make the 
“Whipple” or “double intersection Pratt” truss, Fig. 11 (c), recently in 
jencral use. 



Fiff. II. riff. 12. 


42. Similarly the two simple Warren trusses, in Figs. 12 (a) and (6), com- 
t>ine to form the double intersection Warren of Fig 12 (c). 

43. A combination of four systems is called a “quadruple intersection* 
iruss. See Fig 59 (<). 



Flic. 1». 

44. The old Towne “lattice” truss, Fig 13, consisting of planks 
Tossing each other (usually at right angles) and bolted or tree-nailed to¬ 
gether at their intersections, may be regarded as a combination of several 
Warren trusses. 




45. Rub-verticals. In deep trusses, where the horizontal '-pread of the 
lanels is considerable, sub-verticals, v. Figs. 14 and 15, are often used, espe- 
Sally in Warren trusses, to support the segments of the loaded chord. See 
.iso Figs. 59 (0, (r), and («). 



Flff. 15. 

In the “Baltimore** truss. Fig. 15 (b). each diagonal is braced, at its 
niddle point, by a short diagonal strut inclined in the opposite direction, and 
i sub-vertical is suspended from their junction. W r ith very long panels, 
uh-verticals are sometimes used for the panels of the unloaded chord also. 
Jee Fig. 15 (cl. 
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46. Collision struts, or collision posts, S, Figs. 69 ( k ), (m), (o), 
And (0. and 73 (a), are used for bracing long diagonal end posts against a 
blow from a derailed train. 






fa) 


rig. i«. 


(b) 


47. Fink and Bollman Trussps. Figs. 16 show two obsolete modi¬ 
fications of Fig. 3 (6), viz.. the Fink, Fig. 16 (a), and the Bollman, Fig. 16 (6). 
The large bridge over the Ohio River at Louisville, Ky., completed 1870, is 
of the Fink type. The Bollman was largely used on the Baltimore and Ohio 
Railroad years ago. 

48. In the Fink and in the Bollman truss there was but one chord, as 
shown. This chord usually carried the roadway. Where the roadway was 
placed lower, it gave the truss the appearance of having two chords. Under 
uniformly distributed loads, in the Fink, and under all circumstances in the 
Bollman, the stress in this chord was uniform throughout. In the Bollman 
(see Fig.), the longitudinal stresses in the chord were all applied at its ends. 
Each type may be regarded as a combination of several suspension trusses like 
Fig. 3 (6). In t he Bollman, the simple trusses were all of the same span and 
depth; and each vertical post, except the central one, divided its simple 
truss eccentrically. The Fink principle is still largely used in metal roo 

t ru«ses. See Figs. 20. 



rig. 17. 

49. Curved Chords. Trusses with curved or “brokpn ” chords, Fig. 17. 
are frequently used for long spans. The members themselves, between panel 
points, are always straight. In the bowstring. Fig. 17, the panel points 
of the upper chord lie in a curve, convex upward. In the crescent trass, 
the lower chord also is convex upward. The bowstring truss has the ad¬ 
vantage, over those with horizontal unper chords, of making all the chord 
and web stresses more nearly equal, tnus simplifying the construction and 
reducing the weight of the trusses. It has the disadvantage of permitting 
no overhead bracing near the ends of the span. If the curve of the upper 
chord is made parabolic, the dead load stress is uniform throughout the lower 
chord, and in each vertical (now in tension) the stress is equal to the dead 
load on the lower chord. The diagonals receive no dead load stress, but 
are called into action only by eccentric loads. 
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Camber. 

51. Camber. In practice, the members of the upper and lower chord* 
of bridges are not placed perfectly in line, but so that the chords curve slightly, 
with the convex side upward. This curve is called the camber. Its object 
is to prevent the truss from bending down below a horizontal line when 
heavily loaded. When the chords are cambered (see y 8 and c d. Fig. 19), 



they become approximately concentric arcs of two large circles, of which the 
center is at t; and the upper one plainly liecomes longer than the lower. 
1 he verticals, instead of remaining truly vertical, become portions of radii of 
the arcs mentioned; and, although their lengths remain unchanged, yet their 
tops are farther apart than their feet; and this renders it necessary to 
lengthen the diagonals. See Uf 211-214. 

Cantilevers. 

62. The cantilever principle is shown in Fig 20, where A and B 


represent counterweights or anchorages. Fig 21 shows the Niagara canti¬ 
lever bridge. It consists of two cantilever trusses, ab, a' b\ connected by 
an ordinary truss, ba', which is suspended, by a vertical link at each end, 
from the ends of the cantilever trusses. The weight of the truss is counter¬ 
balanced by anchorages, A and B, or by weights, or both. The principal 
advantage of the cantilever is that it may be built outward from the 
piers across the channel. It thus greatly facilitates erection in cases where 
false-work cannot well be used. 



Flip. 21. 

Movable Bridges. 

53. Movable bridges, including draw, swing and lift bridges, are of 
three general classes; one ia which the movable part Blides horizontally, one in 




Fig. 22. 

which it swings horizontally, and one in which it swings vertically. Ordfc 
narily, the movable span is pivoted near the middle, and swings horizontally 
ob the central" swirnt" or "pivot” pier, as in Fig. 22. In such cascsit ia 
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usually mounted on a central pivot, or on a nest of rollers or wheels running 
on a circular track. Such a bridge must be so designed that, when it is swung 
open, or if it is not brought to a bearing at the ends when closed, it shall 
sustain not only its own weight, but also any other loads that may come upon 
it. In addition, each half must be able to act as a bridge supported at both 
ends, with all possible live loads; for, as an unbalanced live load comes on 
either end, that end will be brought to a bearing. In elaborate bridges, pro¬ 
vision is made for raising the ends of the draw span, when closed, thus 
bringing both ends to a firm bearing, and the floor flush ^rith that on the 
adjacent abutment or fixed span. This raising is usually made sufficient 
to relieve the middle pier of only a portion of the load. The bridge then 
acts like a “continuous” girder (see Transverse Strength, "Hlf 78, etc.) sup¬ 
ported at three or at four points, depending upon the arrangement of the 
bearing on the pivot pier. 



Fife- 23. 

34. Drawbridges in which the movable part swings vertically (the shore end 
carrying a counterweight) may either revolve about a pivot, or they may roN, as 
in the Scherzer rolling lift bridge, Fig. 23. In the Scherzer Bridge the center of 
gravity of each of the two moving wings remains at a constant elevation, so that 
no lifting or lowering of such wing occurs, and the work done consists merely in 
overcoming the rolling friction of the curved end of the wing upon its support. 

55. Skew bridges are used where a channel, road, etc., is crossed ob¬ 
liquely, and whore it is inconvenient to have the abutments perpendicular to 
the trusses. For simplicity in making floor connections, etc., the truss is 
usually so designed as to bring the panel points opposite each other, as in 
Figs. 24 and 25. Where the skew is but slight, this necessitates a difference 



Fig. 24. 


ltl , ,;.pS 

BUvation 

Fig 1 . 20. 


m* 


In inclination between the two end poets, as in Fig. 24, involving complica¬ 
tion in the connections for the portal bracing. But where the skew is greater, 
it may be possible to make it just equal to one or more even panels, adjusting 
the panel length to suit, and thus leaving each truss symmetrical, as in II®. 
25. In each figure, those members which belong only to the farther truse 
(the upper one in the plan) are shown by doited lines. 
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Roof Trusses. 

56. Roof trusses are made in a great variety of forms. Those shown in 
Figs. 26 are common. In Fig. 26 (a), part of load, at d, compresses the rafter 
from d to a, while the remainder compresses the strut, d h, and pulls the 
rod h i and the part-chord h a. Similarly, part of c passes through c a to 
a, and the remainder through c k d h i to the apex t. Thus each load 
is eventually carried by the members, part to the apex and part along a 
rafter to an abutment. It will be seen that the greatest stresses in the rafters 
and in the chord occur near the ends.* Sometimes the members shown 

i 


(a) 




(e) 


Fiff. 26. 

vertical in Fig. (a) are inclined, or the lower chord is ‘‘broken.’' being usually 
convex upward. Roof trusses are often composed, as in Figs ( b ) and fr), of 
two Fink trusses, inclined, and leaning against each other, their feet being 
held in position by a tie, m n, and the rafters forming the upper chords of the 
Fink trusses. 

STRESSES IN TRUSS MEMBERS. 

General Principles. 

57. Conditions of Equilibrium. In trusses, as in beams, it is neces¬ 
sary and sufficient, for equilibrium, that the internal stresses, and their 
moments, shall balance the external forces and their moments The exter¬ 
nal forces (viz., the loads and the end reactions) and the resulting moments 
and shears, are discussed under Statics, HH 287. etc. We here discuss the 
determination of the internal stresses For the fundamental distinction 
between beams and trusses, see Trusses, H Ik 

58. In general, the stresses in the members are found by means of the 
principles of moments (Statics. Iff 301, etc.), and of 8hears (Statics, HI 325, 
etc.)j making use of the force parallelogram (Statics, HH 35, etc) or force 
triangle (Statics. HH 46, etc.), the force and coni polygons (Statics, HI! 72, 
etc., 86, etc ) and the influence diagram (Statics, H H 339, etc ). 

59. A very convenient method, and one in common use, is that described 
more fully in HH_67, etc , below, where the truss is considered as being cut 
through by a section. We then seek to ascertain what stresses, in the mem¬ 
bers so cut, would be required to preserve equilibrium. 

60. Before the stresses can be calculated, and the truss proportioned t< 
those stresses, its weight must be known; for this constitutes a load, and there¬ 
fore affects the stresses. But, or. the other hand, we cannot learn its weight 
until we know the sizes of its different members. In this dilemma we must 
assume for it an approximate weight, based upon our knowledge of some¬ 
what similar trusses already built. This becomes the more necessary as the 
truss increases in size, so that its own weight becomes greater in proportion 
to that of the load. 



* If the diagonals were parallel, their stresses, and those in the verticals, 
would be neatest at the center of the snnn end leuut at 4he ckntmenta 
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61. To distinguish between ties and struts; from the point, o, 
Figs. 27, where the force is applied, draw o c to represent the applied force, 
in the direction in which that force tends to move the point, o; and upon o c 
as a diagonal construct the force parallelogram, a b. Through o draw i i paral¬ 
lel to the other diagonal a b. Then, if a piece be on the same side of i t with 
o c, it is a strut; while, if it be on the opposite side, it is a tie. 



Fiff. 27. (&) 


62. Ties and struts may often (as in Fig. 27) be readily distinguished by 
inspection, by imagining the piece to be flexible, like a rope or chain. If it is 
seen that it would then resist the force acting upon it, the member is a tie; 
if not. it is a strut. Or, suppose that the piece is not secured at its ends. 
If, then, it is seen that it would resist the force acting upon it, the member ia 
a strut; if not, it is a tie. 

63. Or we may proceed as follows; In Fig. 28 (a), representing joint a, 
we begin with the known net vertical reaction, R *; and find the unknown 
stresses in the chord and in the end post by means of the force triangle, 
making their arrows follow the known direction of R. Transferring these 
arrows to the respective truss members. Fig. ( d ), we find that the chord 
pulh away from a, and is therefore a tie; while the end post pushes toward a, 
and is therefore a strut. 



»r r > 
w V* 

W File. 28. 


64. In Fig. (&), representing joint b, we draw P upward to represent the 
pressure of the end post toward b; and the other two sides of the force tri¬ 
angle give the pressure in the chord member, Q, and the tension in the tie, T. 

65. In Fig. (c), representing joint c, we know T, M, and the load, W, and 
we obtain the tension, N, and pressure, S, in the corresponding members. 


* Inasmuch as half of each end panel rests directly upon a support, and 
thus adds nothing to the stresses in the members, we must, in determining 
those stresses, use only the 

net reaction - reaotion — half panel load. 
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66. Tensile stresses, because they tend to elongate a member, are con¬ 
ventionally regarded as positive, and designated by +, while compressivt 
stresses are regarded as negative, and designated by —. 


Method by Sections. 

67. Let Fig, 29 (a) represent a roof truss, with three equal loads, W, of 
2 tons each, applied at a, c and b, respectively, and let it be required to find 
the stresses produced, by those loads alone, in the members a c and a d. 
Suppose the portion shown in Fig. 29 (b) to be separated from the rest of the 
truss, as shown, by cutting through the members a c and ad. The lower 
portions of those members, shown in (5), are, however, supposed to be held 
in their original positions by the stresses S„ and S d , ewerted in these mem¬ 
bers themselves. Taking moments about the right support, b. Fig. 29 (a) 
we have, for the upward reaction of the left abutme it, a, 

K- 3 ^. 


68. We have, then, at a, Fig. 29 (6), four forces, as follows: two known 
forces viz.: W, vertically downward, — 2 tons, and R, vertically upward. 

— ——; and two unknown forces, S 0 and S d . Now S, makes a known 

angle, A, and Sd a known angle, B, with the vertical. The vertical forces, 
W and R, have, of course, no horizontal resolutes (see Statics, 54, etc.)j 
and their vertical resolutes are the forces themselves. 



69. The horizontal resolutes of the inclined forces, S a and S d , are, re¬ 
spectively: S c .smA, and S d .sinB; and their vertical resolutes are: 
fCcosin A, and S d .cosin B. 

70. We see, by inspection, that the stress, S c , in the rafter, a c, is com¬ 
pression, and that the stress, S d , in the lower member, is tension; but, for 
convenience, we may at first assume, in advance, that all of the unknown 
stresses are tensions or +. Then those which finally appear as -f are known 
to be tensions, and vice versa. Their horizontal resolutes, in this case, are 
therefore both taken, for the present, as being right-handed, or positive; and 
their vertical components upward or positive also. It will be remembered 
(see H 66) that we regard tensions as positive, and compressions as negative. 

71. Now, in order that the four forces at a, viz.: W — 2 tons, downward 

3 W • 

R — ~ upward, S« and S d , may be in equilibrium, it is necessary; 

(1) that the sum of their horizontal resolutes be zero, or 
S..sin A + Sa.sin B «=> 0; 

(2) that the sum of the vertical resolutes be zero, or 
R — W .+ S 0 .cosinA -1- S d .cosin B — 0. 

Thus, let A - 45°, sin A - 0.707; cosin A - 0.707, 

B — 75°, sin B — 0.966; cosin B — 0.259. 

Ther 0.707 8, + 0.966 S d - 0; 

R — W + 0.707 S, + 0.259 S d - 0; 

--^0.906 S 4 • _ — 0.259 S d — R + W 
0.707 ’ “ 0.707 

O ftfifi fi. — 0.259 - 0.707 S„ - It — W. 


8 .- 
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72. Again, in Fig 30, with section u v, stress in ed Wi — R *6 — 

W It — 9 

15 = — 9 . With section vy, stress in ef — —-——- = — —z. With see- 

cos a cos a 

• • j Wj -4" W 2 — R — 3 t ,,, ,, . , 

tion ux, stress in gd ^ ——- i - = --. It will be seen that these 

cos 0 cos 0 

lorces, all acting downward on the part truss to the left of the section, 
give tension in ed, and compression in ef and gd 

With section uz we cut two web members, gd, and gc; but the stress in ga 

lias already been found = —the vertical component of which is = 3. 
lienee, stress in gc ~ W t -f W 2 + W* + 3 — R = 6. 

72. It is, however, evident from inspection that the middle vertical bears 
simply the middle load, W 3 = t>, for, cutting the truss by a curved section, 
as at c, and examining the small portion thus cut out. we see that we have 
but two vertical forces—viz , the central load, W 3 , and the stress in the 
vertical member; and, for equilibrium, these two must be equal. 



Chord Stresses, Moments. 

74. For the chord stresses. Fig. 30, let P = panel length = 10 ft. Then 
the bending moment at the panel point, d, ia 

M = 2RP-W.P 
= 15 X 20—6 X 10 
= 300 — 60 = 240. 

Cutting the truss by section u t>, we find that, of the three members cut, 
only the upper chord member, eg, has a moment about d. Call its stress fc>. 
Its leverage is the depth, D, of the truss, = 12; and, for equilibrium, S D * 

M. Hence, S = yy = “ = 20. 

75. Similarly, taking moments about e, we find the stress, in the lower 
chord member, / d, cut by the section, u v, to be -yj = 20, or the same as 

the stress in the upper chord panel cut by the same section. Inspection 
4hows The correctness of this result; for the diagonal strut, e / evidently 


delivers to the upper chord panel, eg, a compressive stress or 
ment” (see H 77) = the tensile stress which it delivers to the lower chord 
panel, f d. . , 

76. If the chord members are inclined, their lever arms must of course be 
measured perpendinilarly to them; and we can no lonser use the lertical 
depth of the truss as the lever arm. 

77. Chord Increment#!. Fig. 30. Each diag delivers a comp stress to 
the upper chord, and, In trusses with parallel chords, an equ^ tensile strew 
to the lower chord Find the shear, or vertical component V, V, etc .of 
the stress in each dineonul, bcmmnng with the end post. Then the chOTd 
increments,” h,. h„ etc, or the stresses in the chord members, af and me, 
fd and eg, etc., due to the several diagonals separately, are 

h. = Vj tan 0 
h 2 =* V, tan 0 
h 9 = V s tan 0 

and for the total stress in each chord member, we have, H t * 

Hj ’= hx -f hi-, H, * hi + K + and so on. 


m 
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Shear. 

78. Any portion of a shear diagram applies to all those members through 
whaeh it" shear travels, up to the panel point where the shear undergoes a 
shange. Thus, in Fig. 31 the shear diagram on the right of the Fig. includes 
the vertical, tv! that on the left includes the diagonal, mo; and that between 
the loads includes the diagonal, t n, and the vertical, m n. 



79. Shear Influence Diagram. See Statics, Iff 325, etc. In a 
russ, Fig. 32, the ordinates, o' n, etc., to the line a" b' (constructed as in Fig 
156, Statics, H 349), give the left end reactions; and those, c' k, etc., to the 
ine a'6", give the right end reactions, for any position of the load; and the 
■esulting shears for a load, W (not shown), at any panel point; but the 
i hears in a panel, cd, for a load. W, between the panel points, are modified by 
he action of the stringers in distributing the load between said adjacent panel 
joints, as indicated by the influence lines, qh, etc , for the several panels 
Thus, with W at c and at d, respectively, the shear, in the panel cd. is repre- 
lented respectively by c'h (negative) and by d'q (positive); and, as the load 
lasses from c to d, the shear in the panel changes from c'h to d'q. 



•earn. 

80. Thus, drawing, for this beam, c d (as for the whole beam in Statics 
Pig. 156), the panel influence lines fd* and c'«, we see that, as W moves from 
i into the panel cd, as to e, the truss reaction at a is thereby slightly increased 
uom d'q to e'k ; but at the same time a portion of W, represented by s't, i* 
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earned by the Btringer to e, where it diminishes the shear e'k (due to the truss 
reaction at a), leaving tk as the value of the shear in the panel. As we place 
W successively at other points, farther from d, and approaching o, the load 
carried by the stringer to c, and represented by the ordinates from c'd' to 
Id', continue to increase faster than does the left end truss reaction, R, 
represented by the ordinates from a'b' to a"b '; and the resulting shears in the 
panel are represented by the ordinates from id' to jq. At o, the part load, 
o'i, carried to c, is == the left truss reaction, and the shear in the panel is zero. 
With the load between o and c, the part loads carried to c, and represented by 
the ordinates from o' c', to if, are greater than the corresponding left end 
truss reactions: and the result is a negative shear in the panel, indicated by 
the ordinates from ; g to if. It will be noticed that the resulting shears 
throughout, both positive and negative, are indicated by the ordinates from 
c’d' to hq.* 

Reversing the process, a similar argument may be applied to the panel 
influence line c's, beginning with the load at c, with negative shear in panel 
-= c’h, and supposing it moved across the panel to d, where positive shear 
in the panel becomes --= d’q. 

81. In the case of a uriiform load, extending on to the span from the 
right support, b, the point o is the position of head of load for maximum posi¬ 
tive shear in the panel, cd; for, in the case of a uniform load, the shear, with 
head of load at e, is represented by the area (sum of all the ordinates} 
e'mqb'e and manifestly this area increases as the head of the load ap' 
proaches o; but when it reaches o, the area above a'b' can increase no further, 
and when it passes o, the negative shears, represented by the ordinates from 
o'c' to o'h, begin to reduce the resultant positive shear. 

82. Having found, by any method, the maximum shear, d'q, due to a 
concentrated load at d, for the diagonal, d n, Fig. 32, and the reverse maxi¬ 
mum shear, c' h, due to the same load at c, we may draw an influence 
line, h q, which gives, as before, the point, o, of position of head of uniform 
load for maximum stress in the diagonal, d n, from which (as above) we find 
the corresponding position of the head of a series of concentrated loads. 

In practice, the influence line for shear Is of value chiefly in thus 
finding the position of load producing maximum stress, and the resulting 
stresses, in trusses with curved chords, such as Fig. 17. In such a truss, 
owing to the inclination of the members of the upper chord, those members 
take some of the shears in their respective panels, and the stqpss in the diag¬ 
onal is therefore less than the shear in the panel. 

Graphic Determination of Dead Load Stresses. 

83. Construct first a diagram of the truss, as in Fig. 33 (a), lettering the 
spaces between the members, and those between the arrows representing 
the dead loads. Call the end post, 1-3, between A and B. 14 AB,” the stress in 
it “ab” the load at 2, “cd,” etc., using capital letters for panels and truss 
members, and small letters for loads and stresses. Adopt a suitable scale of 
forces, and construct the diagram, Fig. 33 (6), as follows: 



Fig;. 33. 

84. Consider first the point 1, Fig. 33 (a). There are here three foreei 
in equilibrium, vis., ac, ah and be. Find the net end reaction, R — ac, and 
lay it off upward (since it acts upward on 1) from any convenient point, a, tc 
e. Fig. 33 (b). From a draw an indefinite line ab parallel to AB and from < 


* Since fh, io', qd' and kef are parallel, me' ■» kt, and c'k — gf. 
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draw cb parallel to BC, obtaining the force triangle acb of the point 1. The 
lengths of cb and ba then give the stresses by scale. 

8,5. In Fig. 33 (6), the arrow on ac indicates the upward direction of that 
force. Following around the triangle, we affix arrows (in the same direction) 
to cb and ba. Supposing these arrows now to be transferred to the corre¬ 
sponding members m Fig. 33 (a) we see that b c pulls from the point 1, show¬ 
ing that 6 c is tensile, or +, while 6 a pushes toward 1 , showing that 6 a is 
compressive, or —. 

86. The characters of the stresses may be found more quickly as follows: 
Draw a circle, Fig. 33 (c), and place on it arrows pointing around in the 
direction (counter-clockwise in this case) followed Ground the truss in 
constructing the load line. See ^ 92, below. Then consider any panel point, 
Fig. 33 (a), and follow the letters in the spaces around that point in the direc¬ 
tion of the arrows on the circle. Note the order of the letters, and follow 
the corresponding equilibrium polygon. Fig. 33 (6), around in the same direc¬ 
tion. This will give the directions in which the forces respectively act on that 
point. 

87. Thus, consider the panel point 2. Following around 2 in the direc¬ 
tion of the cirole, we read B, C, D, E. Turning now to Fig. 33 (6), and 
reading b, c, d, e, we find that on be we go from right to left (or opiH>site 
■to the direction indicated by the arrow drawn for point 1); hence be acts 
to the left on 2, and BC is therefore in tension, and its stress be is +. 



88. Given now the stress, 6c, in BC, construct, on be, the force polygon 
6cdfifor the four forces acting on the point 2. Thus, from c lay off cd down¬ 
ward, to represent the dead load on the lower chord at 2. Since be acts as a 
pull from the left on 2, and since the forces must follow each other around the 
polygon, cd must evidently be drawn downward from c and not from 6. 
From d draw an indefinite line parallel to DE, and from 6 another, parallel 
to BE. They will intersect at some point, as e, and eb and de will then repre¬ 
sent the stresses in BE and DE. 

89. Inspection would show that be =*■ cd, since cd is the only force acting 
an 2 with a vertical component, and that be — de; but the construction of 
the force polygon bede is necessary for the completion of the diagram. 

90. Having now found the stresses in DE, BE, and AB, and knowing the 
panel load (— g a) at the point 3, construct the polygon g ab e f g. This 
jives e / and / g, and from these the process may be continued and the dia¬ 
gram completed. 

91. It will be noticed that, in some cases, a point on the diagram, Fig. 
S3 (6), is given more than one letter. Ordinarily this is simply a coincidence, 
irising from overlapping of the force polygons. In some cases, however, the 
^incidence of the letters shows that the stress in the member is sero. 

92. In practioe it is usual to construct first the entire load line ct, thus, 
iraw first the net reaction, ac, upward; then, following around the truss 
xranter-cloclcwise, draw all the other exterior (dead load) forces in their 
proper order, thus ed, dk, kl, It, tt, tv, vp, po, oh, hg, ga. -The stress diagram 
mav then be constructed, aa before. 
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Live Loads. 

93. It might at first be supposed that each member of the truss would 
receive its maximum stress when the train completely covered the bridge; 
but this is true only of the chord members. In the truss shown in I ig. 
33 (a) each web member receives its maximum stress when the greatest 
possible shear occurs in a section cutting that member. 



Fig. 34. 


94. In Fig. 34, the main diagonals to the left, and the counters to the right 
of the center, C, are shown. Any one of these members receives its maxi¬ 
mum stress from a uniformly distributed load when the load extends from it 
to the right support b, with head of load at a point, o, Fig. 32 (a), found 
as in 81; and vice versa for the diagonals inclined in the opposite direction. 
Each vertical receives its maximum stress when the load extends from the 
farther support to a point, o (see 81). in the panel beyond the vertical. 
This statement must be slightly modified when the concentrated wheel 
loads are considered. See ^ if 97, etc. 


Fig. 35. 


95. Assumed Uniform Live Load. As a crude approximation, the 
engine and train are sometimes considered as a uniform load crossing the 
bridge, Fig. 35; but this method, ignoring, as it does, the great concentration 
of weight m modern locomotives, is apt to be either unsafe or wasteful of 
material. This assumption is proper in connection with wind pressure on 
train. See *j 121. 





Fig. 36. 


96. Concentrated Excess Loads. Again, to provide for the locomo¬ 
tive loads, one or more concentrated excess loads, Fig. 36, are sometimes 
employed. The stresses due to these loads may be computed separately, and 
added to the stresses produced by the uniform live loads. To produce the 
maximum chord stresses, the excess loads should be in the middle of the span, 
and the train load should cover the entire bridge. This method is fairly 
approximate, and engineers are divided as to whether this method of con¬ 
centrated excess loads should be used, or that of the actual or “typical” 
locomotive wheel loads as explained below. 

97. Standard or Typical “Wheel” Loadings. In the method of 
wheel loads, the actual stresses, produced by the heaviest engines likely to 
croBs the bridge, are considered. Even in engines of nearly the same weight, 
the loads may be differently spaced, and spaced at intervals of odd fractions 
of an inch, rendering computation very laborious. For this reason, and in 
order to provide for the use of heavier engines in the future, it is customary to 
consider an imaginary or “typical” engine, with loads and spacing given in 
round numbers, the stresses from which shall at least be equal to those pro¬ 
duced by the heaviest engines likely to be used during the life of the bridge. 

The live loads are ordinarily taken as consisting of two typical looomotive* 
with their tenders, followed by a uniform train bad. See Digests of Speci¬ 
fications. 



706 


TRUSSES. 


98. The following is an example of the computation of live load stresses by 
the method of locomotive wheel loads: 

Fig. 37 (6) represents the loads on one rail, corresponding to Cooper's 


motives, followed by a train considered as equivalent to a uniform load of 
4000 lbs. per linear foot. In the diagram. Fig 37 («1, all loads are figured 
in thousands of pounds, moments in millions of foot-|>oumK and distances 



Loads in thousands of pounds 


99. Live Load Web Stresses. The maximum live load strcs-.cs 
will occur in the web members of anv panel of the truss in Fig. 34 or 38. 
when the live load produces the maximum shear m that panel. It can bo 

W 

shown that, this will occur when P — -- -> where P - = the live load 

n 

on the panel cut by the section; W = the total live load on the truss, 
and n = the number of panels in the truss. This equation is called the 
criterion for maximum shear. 

100. The following table is based upon this relation. The second col¬ 
umn is obtained by adding successive wheel loads to P. In this case, 
W = 6 P, since our truss has 6 panels. Let any wheel be at a panel 
point Then, by moving the wheel a little to the left or right, it will be 
included in or excluded from P, Hence P and W have each a minimum 
and a maximum value for each wheel at the panel point. 


No. of wheel at any 
given panel 
point. 

1 

2 

3 

4 

5 


Value, P, of load on 
panel to left of 
given point. 

Oto 10,000 
10,000 to 30,000. 
30,000 to 50,000 
50.000 to 70,000 
70.000 to 90,000 


Corresponding value of 
W for maximum 
shear in panel. 

0 to 60,000 
60,000 to 180,000 
180,000 to 300,000 
300,000 to 420,000 
420,000 to 540,000 


101. The correct position of live load, for maximum shear in any panel, 
is found by successive trials. When the correct position is found , the 

* “Transactions Am. Soc. Civ. Engra.,” vol. xux, No. 858. Dec., 1899. 
p.227. See DtaesU of Specifications. 
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moment about the right support, is computed, and from this the shear ia 
jbtained. For example, see below. 

102. These operations may be performed by computation, with or with¬ 
out the aid of graphic methods. As the method of computation alone is 
rather tedious, particularly when the form of the truss is complicated by 
curved chords or sub-panels, and as the graphic method is abundantlj 
accurate for all practical purposes, and has the advantage of direct appeal 
to the eye, only the latter is given herewith. 

103. The “wheel diagram," Fig. 37 (a),* gives (1) a stepped “load 
line" or “shear diagram," ana (2) a curved “moment diagram" or 
"equilibrium polygon." See Statics, ff 359, etc. 

104. The load line gives the total live load to the left of, and including, 
any point. 

105. The moment line gives, at any point, the (left-handed) live load 
moment, about that point, of all loads to the left of and including that 
point. Thus, to the left of and including wheel No. 5 we have 


Wheel. 

Load. 

Distance from 
wheel 5. 

Moment about 5 
in ft.-tbs. 

1 

10,000 

23 

230,000 

2 

20,000 

15 

300,000 

3 

20,000 

10 

200,000 

4 

20,000 

5 

100,000 

5 

20,000 

0 

0 

Total, 

90,000 


830,000 


and the ordinates, ab to the load curve, and ar. to the moment curve 
under wheel 5, measure 90.0 and 0.830 respectively. 

106. Fig 38 represents the truss, to the same scale as Fig 37. We may 
call this a “ truss diagram." t 



107. Example. To compute the maximum shear in the panel be. Fig. 
38, first find that position of the load which will produce that maximum 
shear. As a guess, place the tru--s diagram, Fig. 38,t with its point c under 
wheel 2, Fig. 37. Examining the load diagram, over the right end, g, of 
the span, we see that we now have a total load, W, of 284,000 lbs. on the 
span; and the load diagram, over wheel 2 (placed at point c) shows (see 
also table, f 100) that the load, P, on the panel, b c, is now somewhere 
between 10,000 and 30,000 lbs.; but, for maximum shear in the panel, be, 
the load, P, on that panel must be (see Iff 99 and 100) = W -i- n — 
284,000 -f- 6 > 30,000 lbs. Hence, P must be increased by moving the 
train diagram, Fig. 37, to the left (or, which is the same thing, by moving 
the truss diagram, Fig. 38, to the right) until wheel 3 is over c. We now 
have W.= 292,000 lbs.; P = anywhere between 30,000 and 50,000; and 
required value of P, for maximum shear, - W -5- n =■ 292,000 •+• 6 = 
48,667 lbs. Hence, the conditions are satisfied, and panel be receives its 


♦Method published by Ward Baldwin, “Engineering News.” vol. xxn 
Sept. 28, 1889, p. 295. See also letter, “ Eng. News,” Dec. 28,1889, p. 615 
t For the following discussion it will be found convenient to make i 
jopy of Fig. 38, or simply of the lower chord, on a separate piece of papei 
vbich may be applied, in different Dositiona, to Fig. 37. 

50 
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maximum shear, when wheel 3 is at c. The moment diagram shows, ver¬ 
tically over o, the live load moment about the right support *= 17,516,OCX) 
ft.-lbs.; and the moment at c — 233.000 ft.-lbs. 


108. Let M — the (left-handed) live load moment at the right abutment, 
due to all the loads on the span 
L ■= the span. 

m = the (left-handed) live load moment at the panel point oh 
the right of the panel in question 
l — the length of the panel. 

V’ -- the shear in the panel. 


Then V = ™ 


17,5 16,000 _ 230,000 
150 '' ^5 ' ” 


1U7,600 tbs * 



Fig. 37 (repeated). 

109. The maximum live load shears in the other panels, similarly com¬ 
puted, are as follows, the load being, in each ca.se, so placed as to give 
said maximum shear: 


Panel. No 
and Posi¬ 
tion of 
Wheel. 

Mom M 1 Mom m 
at Rt End 1 at Rt. End 
of Truss of Panel. 
Ft -tbs. 1 Ft.-fbs. 

Shear, 

Pounds. 

M m 

v ~ l r 

Member. 

Stress, 

Pounds. 

^ cos O f 

db 4 at b 

27.176,000: 

480.000 

162,000 

aB 

-217.200 

be 3 at c 

17.516,000; 

230,000 

107,600 

Be 

r 144,200 

cd 3 at d 

10,816,000! 

230,000 

63,000 

C c 

-63,000 


i 



Cd 

184,500 

de 2 at e 

4,936.000 

80,000 

29.700 

D d 

-29,700 





De 

4 39.800 

tl 2 »t / 

1,743,000 

80,000 

8,400 

E 1 

+ 11,250 


* Because -=— = the reaction of the left support, a, and - - bo much 
a i 

the panel load as goes to the left end of the panel. 

4f ■ rninla K.1 diaimnal an/I 
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110. The live load stress in the hip suspender, B6, is due entirely 
to loads upon the two lower-chord panels, a 6 and 6 c. Thus, with wheel 
4 at b, panel length — ab — 6 c =* 25 ft., we have: 


On ab 
Dist, d. 

Wheel. Load, W. from a, 

1 10,000 7 

2 20,000 15 

3 20,000 20 


Total, 50,000 
Total load on a b 

•4 4. “5c- 

Wheel 4 


Stress 
on B6 = 
i od 4- 25. 
2,800 
12,000 
16,000 

30,800 


50,000 

46,000 

20,000 


Total load on ac -- 116,000 


On be 

Stress 

Dist, d, on Bb^= 
Wheel. Load, W. fromc. wd + 25. 

5 20,000 20 16,000 

6 13,000 11 5,720 

7 13,000 6 3,120 


24,840 


Total; 46,000 


Stress in B b from ab = 30,800, 

. be = 24,840 

" “ “ 41 wheel 4 = 20,000 


Total, 75,640 


111. For any given set of loads on ac, the maximum stress in B6 oc¬ 
curs when the load on ac is equally divided between ab and be; and this 
ordinarily occurs while some wheel (to be found by trial) is passing b. 
Thus, with wheel 4 just to the right of 6, we have, on ab, wheels 1, 2 and 
3, =. 50,000; and, on be, wheels 4, 5, 6 and 7, — 66,000 lbs.; but, with 
wheel 4 just to the left of 6, we have, on ab, wheels 1, 2, 3 and 4, — 
70,000; and, on be (neglecting wheel 8, which now 1 enters 6c), wheels 5. 6 
and 7, =* 46,000 lbs. Hence, while wheel 4 is passing b, there is an in¬ 
stant when the loads on a 6 and on 6 c are equal, and at that instant the 
stress in B6 reaches its maximum (75,640 rbs., see U 110) for the given 
set of loads. 

112. Live Load Chord Stresses. The criterion, for position of load 
for maximum bending moment in any section, and hence for maximum 

stress in the chord members at that section, is —- — -,, or l — ; 

to i 

where W -• total load on the truss, w — load to the left of the section, L — 
span of bridge, and l — length of segment to the left of the section. 

113. To find the position of load for maximum moment in any panel, by 
means of the moment diagram; Fig. 37; place a wheel, say wheel 2, at the 

{ >anel point at the right of the given panel. From the intersection on the load 
ine (usually coinciding with the x-axis) vertically over the left support, lay a 
ruler or stretch a thread to the intersection of the load line with a vertical 
from the right support. If the line so constructed recrosses the load line at 
a point vertically over the section in question, the position is a correct one; 
if not, it is incorrect. To facilitate this work, it is well to use a truss diagram. 
Fig. 38, drawn on a sheet of tracing paper, with the verticals carefully ex¬ 
tended from the panel points as far up as the load or moment lines are likely 
to extend. 

114. It will often be found that more than one position satisfies the cri¬ 
terion, and that some one of these may give greater moments than the others 
Hence it is well to look for all possible positions. When these are found, de¬ 
termine the moments, thus: On thd moment curve find the two points 
corresponding (vertically) with the left and the right support respectively, 
and join these points by a straight line. When the head'of train has not 
reached the left support, the point corresponding with the left support is in 
the x-axis, produced. 

115. The required moment is measured by the vertical ordinate distance 
along the section, between the moment curve and the straight line just con¬ 
structed. The stress in the chord members affected is equal to the moment 
divided by the depth or the truss. Using these methods, the following re¬ 
sults are obtained: 


S«tion. 

Wheel. 

Moment, ft.-lbs. 

Stress, tbs. 

Members. 

B b 

4 

4,049,333 

144,600 

ab ^ be 

Co 

7 

6,211,667 

221,800 

cd - ~BC 

Cc 

8 

6,207,667 

Not max. 

D i 

11 

7,044,000 

Not max. 


Drf 

12 

7,056,500 

252,000. 

—CD - —DE 
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Wind Loads. 

116. A complete bridge is subjected not only to vertical loads, due t» dead 

load, to live load, and to impact caused by inequalities in track and in rolling 
stock, but also to horizontal loads. These horizontal loads are due to the 
transverse action of wind, or of centrifugal forces produced by the train in 
passing around a curve on the bridge, and to the longitudinal traction or 
"drag” caused by stopping or starting a train on the bridge. Hence it is 
necessary to supply horizontal bracing, which, with the two upper chords 
or the two lower chords of the two vertical trusses, form horizontal trusses, 
known as the upper and lower lateral systems, Figs 39 (a) and 39 (6), and 
sway and portal bracing, 21 and 22. % 

117. The wind is considered as blowing at right angles to the bridge. 

118. The wind produces several effects, and these must be ascertained 
separately, and their joint effect then determined. Among these effects are: 

(1) Direct st resses in both the upper and lower lateral systems, by pressing 
directly upon the chords; acting horizontally as a uniformly distributed load. 

(2) Additional direct stresses on the lateral system of the loaded chord 
when a train is on the bridge, owing to pressure of wind against the train. 

(3) An overturning moment upon the bridge as a whole, thus increasing 
the dead and live load stresses in the leeward and diminishing those in the 
windward vertical truss. 

(4) A similar overturning effect upon the train and its wheels, which simi- 
lariy modifies their pressures upon the floor beams and thus the stresses in 
the main trusses. 


(«> 

<w 


-S' 

_/ 

K>Z 



7 

\_ 


\m 

im 

— (n-n 

WZM 

Haas 

3JW 

§§§ 


FI*. 39. 


119. The wind load, acting directly upon the bridge, is assumed to be 
equally divided between the upper and lower chords, and between the wind¬ 
ward and leeward trusses 

120. (1) The direct wind stresses in the lateral bracing, due to the pres¬ 
sure of the wind on the truss, are found as are the stresses in the main trusses, 
due to dead load; the horizontal transverse struts of the lateral bracing 
corresponding to the verticals of the main trusses. 

121. (2) Direct stresses in lateral system of loaded chords, Fig. 39 (&), 
due to wind on train. 

Examining any panel, as c d, let 

u> — wind pressure, in lbs. per lineal foot of train; 
p — panel length, in feet; 

w p =• wind pressure, in tbs., per panel fully occupied by train; 
n « number of panels in span ( -- 6 in this case); 

/ *■ n p =* span, in feet; 

m -= number of panels from left support.«, to and including the panel, 
c d, under consideration; 
m p *» distance, a d, in feet; 

x -=* length, in feet, of that portion of the panel, t d, which is occu¬ 
pied by train; 

t * (n — m) p -j- x *= that portion of the span which is occupied 
by train, in fpet; 

=* wind pressure ori train for a pressure of 1 11). f>er lineal foot; 

R = truss wind reaction.* at a, * w (* -+• 2 l ; 
r *=* panel wind reaction,* at c, *= tt> x 2 + 2 p ; 

8 ■* wind shear * in panel, cd, ~ R — r « 2 f — u>x* + 2p. 


* See foot-note (t), 1 2. 
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The horizontal truss reaction,* at a, due to a concentrated horizontal 
pressure, = 1. acting at any distance, y (not shown), from d, i» =* 

—- an< i th® horizontal panel reaction, at c, due to the same 

pressure, is -= The maximum wind shear,* in the panel, c d, due to wind 
V 

on train, occurs (see 79 to 81) when the head of the train reaches that 
point, o, at which, if the concentrated load be placed, these two reactions 

will l»c equal, or - = —-— ^, With head of train at o, we have 

p np 

Under any conditions, the wind shear,* S, in the panel, is — It — r, where 


, With head of train at o, we have 


-.a, ,!» Md 

2n p 2 p 


Substituting here the value of x, just found, for maximum shear, we ob¬ 
tain, as the maximum \ alue of the wind shear* in the panel, 

S “‘ “ 2 (n — T) ~ m>1, 

122. (3) Stresses in main truss members, due to overturning moment oi 
wind on truss. 

Overturning moment - (wind panel load at top chord) X (number oi 
panel points in span) X height of truss. 

. ,1 overturning moment 

vertical reaction at one support = - — —-- 

2 width between trusses 

Since the upi>er lateral system cariies all wind loads to the ends of the 
bridge, the end posts and the chords (which take the horizontal components 



(at 

rig. 40. 


123. (4) Stress in main truss members, due to overturning moment of wind 
on train. Fig. 40. Let h — height from center of gravity of lateral system 
i f loaded chord to center of pressure of wind on t rain, p = wind pressure per 
lineal foot of train, w — w'idth between centers of gravity of trusses, m =» 
overturning moment., per lineal foot of train, v added vertical load on 

leeward truss, per lineal foot of truss. Then m « h p, andu == m . 


Impact, Etc. 

124. The effects of impact, due to inequalities of the track; those of 
“drag,” due to the starting and stopping of trains; and those of centrifugal 
force of the train on curves, are not susceptible of rigorous calculation, 
and engineers differ in their loquiremonts respecting provision for them 
See Digests of Specifications. 


* See foot-note (t), U 2. 
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Determination of Maximum and Minimum Stresses. 

125. Where specifications make allowable unit stresses depend upon the 
relation between the maximum and minimum stresses in any given member, 
both must be computed 

In computing the maximum and the minimum stress in any member, 
bear in mind that a condition which, of itself, would have a cer‘ain effect 
upon the stress, may bring with it other conditions which produce a greater 
effect of the opposite kind. Thus, although the action of wind on train 
would, of itself, reduce the stresses m certain members, this action can take 
place only with train on bridge, and the vertical action of the train load 
would ordinarily increase those stresses more than the wind action would 
diminish them. , 

In computing minimum stresses, although the live load is usually to be 
neglected, we must of course not neglect the dead load, which is always 
present. 

Curves on Bridges. 

126. When the track on a bridge is curved, it H usually so laid that 
the center line of the bridge bisects the middle ordinate, m, of the curve. 
See Fig. -10 (o). The center of gravity of a panel load, P, at the center of the 
span (supposing it to stand over the center of the track) is thus thrown out a 
distance = £ m from the center line of the bridge, or a distance •» $ 6 + 
$ m from the inner truss, where 6 *=■ width of bridge between centers of 
trusses. Taking moments about the center of the inner truss, we have, 
therefore, for the load, W, on the outer truss, due to P, 

W = P i6 + im =» P b * m 
6 2 6 ' 

It is customary (see Digests of Specifications) to proportion the outer 
truss on the safe assumption that ita share of the live load, at each panel 
point, is determined by the formula just given, and to design the inner truss 
like tbe outer one. 



m 

9f 

m 


■ 

1 

■H 


Counterbracing. 

127. In a truss of any ordinary form (like that in Fig. 31), under the action 
of a uniformly distributed dead or live load, or of a live load distributed 
symmetrically as regards the center of the span, the shears in each panel on 
the left of the center of the span are positive. while those in the panels on the 
right are negative; and the stresses throughout the truss are such that the 
ties sustain tension, and the struts, compression; the tendency, in each 
panel, being to elongate that diagonal occupied by a tie, and to shorten that 
diagonal occupied by a strut. 

But the tendency of an eccentric load, such as those shown in Fig. 31, 
is to reverse the shearR in the panels between it and the center; and, if this 
effort, relatively to tbe other forces is '«f sufficient magnitude to reverse the 
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final shear in any panel, the tendency will be to shorten the diagonal occupied 
by a tie, see Fig. 1 (a), and to lengthen any diagonal occupied by a B trut. 

As explained in 14 and 15, this condition is met, in the Warren 
or triangular truss, by making each web member capable of resisting both 
tension and compression; and, in trusses with both vertical and diagonal 
web members, by inserting counters. . 

In a drawbridge or swing bridge, not only the web stresses, but also 
the chord stresses, are reversed when the draw is opened or closed. 

To provide against possible further increase in live loads, over those 
now in use, specifications sometimes require that, wherever the live and dead 
load stresses are of opposite character, only 70 per cent, of the dead load 
stress shall be considered as effective in counteracting the live load stress. 
For other methods of making similar provision, see Digest of Specifications 
for Steel Railroad Bridges. 

Roof Trusses. 

128. In roof trusses, the dead load, i. e., the weight of the truss itself 
and that of the purlins, roof covering, etc., and the snow load, are usually 
taken as uniformly distributed. In many cases the sura of the dead and 
snow loads is divided equally between the two supports. In other words, 
the end reactions are equal. 

129. The weights of steel trusses, in pounds per square foot of 

building space covered, may be taken, for preliminary estimate, at (0.05 to 
0.08) X span in feet, according to design and loading. '1 hose of wooden 
trusses, with wooden, iron or steel tension members, may be taken at from 
one-tenth to one-fifth less. ... ., ,, , 

If it is found that the weight of a truss, as designed, considerably exceeds 
the weight assumed for it in advance, it should be redesigned, assuming a new 
weight slightly greater than that obtained from the design. 

130. The weights of purlins, of steel or wood, may be taken at from 
2 to 3 tbs. per square foot of building space covered. 

131. The weight of roof covering may be taken approximately as 


ows: , , 

Corrugated iron.2 to 3 tbs. per sq. ft. of roof surface. 

Slate.7 to 9 ** “ " “ 

Shingle^, on laths.2 to 3 ^ ^ (( M 

If on boards, add.. 3 “ ‘‘ “ (1 


If plastered below the rafters, add, 6 *' 

132. The snow load, in States north of Iat. 35°, may be taken aa vary¬ 
ing (chiefly with latitude) from 10 to 30 lbs. per sq. ft. of horizontal projec¬ 
tion of roof surface. 

133. The purlins, stringers, etc., should be so arranged as to carry 
the weight of roof covering and of snow directly to the panel points, and thus 
avoid transverse stresses in the rafters. 

134. Each truss bears, besides its own weight, half the weight of roof and 
snow between the two trusses (or truss and wall), adjacent to it, arid each 
panel point bears half the load between two panel points (or panel point and 
end support) adjacent to it. 



Fig. 41. 

Thus, Fig. 41, truss TT carries a weight — that on the surface between 
the two dotted lines, DD and EE; and panel point p carries a weight ■■ that 
on the rectangle mn. 

135. The wind is regarded as blowing norizontally upon one side of the 
roof and as exerting a uniformly distributed normal pressure upon that side. 
In the following table of assumed normal pressures against sloping aur« 
faoea, under horizontal wind pressures of 40 lbs. per sq. ft., the values m the 
last column are based upon Hutton’s experiments. Here a is the angle 
between the sloping roof surface and a horizontal plane. 









714 


TRUSSES. 


Assumed normal Wind pressure, P, in lbs. per sq. ft. Horizontal 
wind pressure = 40 lbs. per sq. ft. a — angle between roof surface and 
horizontal plane. 


P 


<z. 

sin «. 

40 .sin a. 

Hutton. 

5° 

0.087 

3.5 

5.1 

10° 

0.174 

7.0 

9.6 

15° 

0 259 

10.4 

14.2 

20° 

0.342 

13.7 

18.4 

25° 

0.423 

16.9 

22.0 

30° 

0.500 

20.0 

26.5 


P 


a. 

sin a. 

40 sin a. 

Hutton. 

35° 

0.574 

22.9 

30 1 

40° 

0.643 

25 7 

33.3 

45° 

0.707 

28.3 

36.0 

50° 

0.766 

30.6 

38 1 

55° 

0 819 

32.8 

39 4 

60° 

0 866 

34.6 

40 0 


136. The directions and amounts of the end reactions and of the stresses 
in the members, due to wind, depend upon whether one or both support•> 
are fixed. If both ends are fixed, tht ir reactions are parallel to the normal 
wind pressure— i. e., they arc at right angles to that side of the roof upon 
which the wind is blowing; but, if one end is free to slide longitudinally of the 
truss, its reaction is taken as vertical and that of the other is more nearly 
horizontal than the normal wind pressure. When one end is free, the st resses 
must be determined for wind blowing on the fixed side (m which case it tends 
to flatten the roof) and also for wind blowing m. the free side, in which case 
its horizontal component tends to shorten the tie-rod and t6 raise the apex. 
The stresses in the members of roof trusses are conveniently found by means 
of the method by sections, *!«j 67, etc., or graphically, as below. 

137. Fig. 42 (a) illustrates ,• graphic treatment of wind stresses for Fig. 
42 (6), under the three conditions named, viz :—case 1, with both ends fixed; 
case 2, wind blowing against the fixed side; and case 3, wind blowing 
against the free side * 

In Fig. 42 (a), the segments ab, be. cd and de represent the normal wind 
pressures at the panel points AB, BC, CD and DE respectively, and ne 
therefore represents the total normal wind pressure on the roof, all being 
exerted against the left side.* 

138. In case 1 (both ends fixed) the segments /a ami <*/ of the solid line ft. 
represent the left and right reactions respectively. 


139. In case 2 (wind blowing against fixed side) the reactions are repre¬ 
sented by the dash line ef'a; and in case 3 (wind blowing against free side) 
by the daah-and-dot line ef"a. 

140. The segments /'/ and //* represent the horizontal components of the 
right and left wind reactions respectively in case 1; and /'/* that of the wind 
reaction of the fixed end in case 2 or case 3, or that of the total wind react ion. 

141. Having found, by moments, the end reactions ef and fa for case 1; 
where, Fig. 42 (6), 


the vertical reactions, ef and af", for cases 2 and 3 respectively, are found by 
dropping perpendiculars from e and from a, Fig. 42 (a), upon of produced. 
The reactions of the fixed ends are then given by the closing line, fa, in case 
2, and by ef in case 3. 


* To avoid the necessity of showing two skeleton figures and two diagrams, 
we have supposed the wind to blow always in one direct ion (viz , against the 
left side) and first one end of the truss and then the other end to be fixed. 
In practice, of course, the reverse of this is the case; t. e., one end or the 
other of the truss (if not both) is fixed, and remains so; anil the wind may 
blow against either side. The figure and diagram will, however, answer for 
this latter condition also. Thus, if the wind blow against the left aide, as 
shown, and if, as in case 2, that side is fixed, then the diagram, using the 
broken lines, e f a, gives the stresses in the members, as they are lettered. 
But now (the left end remaining fixed) suppose the wind to blow against the 
free side; i. t , from the right. We may nevertheless suppose the right end 
fixed, and the wind blowing against the left side, as in Fig. (6), and find the 
stresses in the members from Fig. (a) as it stands, us.ng the dash-and-dot 
diagram, e f a; but we must then remember that the stresses thus found »or 
BG, GF, etc., on the left of the truss, Fig. (6). really apply to the correspond¬ 
ing members, QE, QF, etc., on the right, and vice versa 
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142. The stresses In the web members, GH, MN, etc., Fig. (6), and those 
in the several members, BG, EM, etc., of the rafters, are given by the corre¬ 
sponding lines, gh, mn. bg, em, etc., in the diagram. Fig. (a). 

143. In the leeward rafter, in this case, the stress in the three segments, 
ME, PE, QE, is uniform throughout, and moreover it is the same in each of 
the three cases, being = me «= pe - qe. 

In the four web members, LM, MN, NP, PQ, to the leeward of the center 
the stress, in this case, is zero, being represented by the point, Imnpq, Fig 
(a). 

144. The stresses in the several segments, GF, JF, LF, NF, and QF, of thf 
horizontal tie rod. Fig. (6). are represented, in Fig (a), 

in case 1 (both ends fixed) by of. if, If, nf and of; 
in case 2 (wind against fixed side) by of', if, etc.; 
in case 3 (wind against free side) by gf, if, etc 

In each of the three caseB there is uniform tension in the three leewar 


a 



segments, LF, NF and QF, of the horizontal tie rod. This uniform 
tension is 

in case 1 (both ends fixed) t = // «= mf ■» nf; 
in case 2 (wind against fixed side) = If » mf ■= nf; 
in case 3 (wind against free side) «*- If" * mf" ** nf. 

145. It is thus seen that, in our Fig., with horizontal tie rod, the differ¬ 
ence in the manner of supporting the ends affects only the horizontal stresses 
in the members of that rod, and, through them, the manner in which the 
horizontal component f'f" of the wind stress is distributed between the two 
supports. 

146. If the lower chord were not straight, however, the stresses in the 
rafter and web members would be affected by the difference between the 
three cases. 

147. The final or resultant stress, in any member, is the algebraic sum of 
the dead, snow and wind loads for that member. In some cases, the wind 
toad may diminish or even reverse the stresses due to dead and snow loads. 
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148. In timber roof trusses of short span. Figs. 43 to 47, for roofs of dwell, 
ings and other small buildings, we may, with sufficient accuracy, make a 
liberal assumption for load, to include wind pressure. In discussing these 
figures, we investigate the stresses by means of the force parallelogram. 
For dimensions of such trusses, see if 266. 

149. In the wooden roof truss. Fig. 43, uniformly loaded along each 
rafter, let H 1 — the weight of one rafter and its load. Then E I => the hori¬ 
zontal pressure of the head and of the foot of that rafter (the latter being the 
tension in the chord), and HE = the inclined pressure at its foot. 



150. In Fig 44, make G R * H 1. Then G L is the transverse pressure 
of the load against the rafter as a beam, and L R is a longitudinal pressure 
along the rafter, forming a part of the total longitudinal pressure 

151. If G R were concentrated at G, L II would be uniform from G to a, 
and would not be exerted above G; but, as G II represents a load uniformly 
distributed along the rafter, from top to foot, the pressure repiesented by 
L R increases uniformly, from nothing, at the top, o, to L R, at the foot, a. 

152 . Of the transverse pressure, G L, one half, — o p, is sustained at the 
top, o, of the rafter, and the other half, — a q, at‘the foot, a At the top. 
o p is resolved into the horizontal pressure, o L =■ K I, against the head of 
the other rafter, and a uniform thrust, o z, along o a. 



153. It is immaterial whether we thus resolve o p directly into o b and o z 
(as though the head of the rafter rested against a vertical wall at o), or whether 
we first resolve it between the two rafters, into o c and o r. For in the latter 
case we must add to o c a thrust (=» or - cz) produced in o a bv the trans¬ 
verse pressure (similar to o p) of the head of the other rafter; and the sum of 
these two (o c and o r) is - oz. 

154. The total longitudinal thrust in the rafter increases uniformly from 
o t, at the top, to o * + L R — ak, at the foot, where it combines with a q 
(■ half the transverse load) to form an-HE, 

155. Tension in ehord - I E - In - * A — n q. Vertical pressure os 
support — HI - o < — o « d a n 7 o i + 1 1. 




.. . . A*. 

s:s*UR&'2ii-vi/'“■■.r 11 '",:!,"* 

throughout each rafter, and cm - cd » an lulditumal tension on the rhoro 



157. In Fit?. 46, assuming, for safety, that the rafter, j b, is divided at its 
center, U, make e o =* the weight of zr and its load (zr = half the rafter). 

158. Then « i - an additional pressure on U b, e k *= pressure on U c; 
si - s k ~ additional tension on half chord, c b, and e o «= 2 e 8 «= load of 
and on : r, = additional tension on king post due to both struts. Then 
make a g *= e o + weight of king rod -+• weight of two struts + weight of and 
on y y, and proceed as in Fig 45. 



159. Each strut will thus bear half of the weight of and on zr, or z u, only 
when, as in Fig. 46, the inclination of the strut is the same as that of the 
rafter. If the strut is steeper than the rafter, it will bear more than half; 
but if it is less steep than the rafter, it will bear less than half; the remainder 
being in every case borne by the rafter. 

160. The introduction of the struts converts each rafter, considered as a 
beam, into two beams of shorter span and bearing less loads. 



161. In the queen truss, Fig. 47. make oq — total tension in queen rod + 
half weight of and on the "straining beam,” z w. Longitudinal pressure on 
• w ~ tension in chord, b a, — IE + o c. 
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Deflections. 

162. The total deflection of a truss * comprises (1) the elastic or 
temporary deflection, due to the stretchf of its several members under the 
loading applied to the truss, and (2) the non-elastic or permanent deflec¬ 
tion, due to looseness of its joints. In good construction the latter is 
relatively negligible in moderate spans. 

The total elastic deflection, D, of a truss, at any point, c, is made up of 
partial elastic deflections, d, d, etc., at c, each due to the stretch, fr.t m 
some member. 

Let it be required to find the deflection at a panel point, c (usually the cen¬ 
ter of a span or the end of the arm of a swing bridge or other cantilever); 
and, for any load or system of loads, let 

D = the total elastic deflection at c; 

d = the partial elastic deflection, at c, due to the stretch, &,f in any 
member; 

p = the unit stress in that member; 

P = the total stress in that member; 
l ~ the length of that member; 

k => the stretch fin that member - ; 

W = that load which, applied at c, would produce the Btress, P, in that 
member; 


k p l 

E =» the modulus of elasticity of the material, = p — ^ «= ^ . 



* See “The Application of the Principle of Virtual Velocities to the Deter¬ 
mination of the Deflection and Stresses of Frames." by Geo. F. Swain, 
Jour, of the Franklin Institute, vol. nxxxv, 1883; “Trusses with Super¬ 
fluous Members." by Wm. Cain, Van Nostrand’s Magazine, vol. xxvn, 
No. 4, October, 1882; “The Graphical Solution of the Distortion of a Framed 
Structure.” by David Molitor, Jour. Ass'n Eng'ng Societies, vol. xm, 
No. 6, June, 1894; and “The Theory and Practice of Modern Framed Struc¬ 
tures," by J. B. Johnson, C. W. Bryan and F. E. Turneaure, New York, 
John Wiley & Sons. 

t For brevity we here UBe the word “stretch" to signify any change of 
length, including the shortening due to compression, as well as the elonga¬ 
tion due to tension. 

t For the sake of clearness, the stretches and deflections, in our Figfi., are 
exaggerated beyond the limit within which the ratio, would remain even 
approximately constant. 
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be permitted in trusses, the external work, W d,* of a partial deflection, d, 
due to the stretch, in any member, is practically = the internal work, 
P A, of overcoming the resisting stress, P, in that member, through the dis¬ 
tance, k; or 

W d = P A. 


1 lence, 


d = 


u k; or 


k 

d 


W 

P* 


In words, the stretch, k, in any one member, is, to the resulting partial 
deflection, d, at <, inversely as is any stiess, P, in that member, to aload, W, 
v, Inch, if applied at c, would cause that stress. 

Thus, m Fig. 48 («), where k is in the same direction as D,t P = W, and 
1 ) *■ k. 

In Figs. (6) and (r).t suppose the strut incompressible. Then D is due 
solely to the elongation of the tic, and D -- A- — u A. 

P 

In Fig. (c), is greater, and (for a given stietch, k, in the tie) D is thcre- 
W 

fore greater, than in Fig (6). 

104. Deflection Independent of Nature of Cause of Stretch. 

Now it, is evident that the deflection, d, at c, dejiends solely upon the amount 
and character of the stretch, k, in the member, and is independent of the 
nature of the cause of that stretch. '1 hat is to say, any change, k (however 
caused), in the length of the member, necessarily contributes its fixed quota, 
P 

d --- A, to the total deflection, D, at c. In other words, since d and k are 

mere distances, aud since u is simply a ratio, the relation between d and k is 
a puiely geometrical one, and is therefore not confined to deformations pro¬ 
duced by applied loads, but is applicable also to those produced by changes 
of temperature, to intentional lengthening or shortening of members, or to 
any other cause 

lienee, if a member be in am/ way lengthened or shortened, by a length, k, 

p 

a corresponding change, d, — ^ . k =■ u k. takes place in the deflection at c. 

For instance, if we place any system of loads upon a truss, and. by the 
principles of statics, determine the resulting total stress, P. and unit stress 
p, many member; we have, for the partial deflection, ate, due to the stretch, 
A*. in that member, under the given system of loads. 


and, since k 


V l 
K' 


d *= u k; (For u, see 1 165.) 


d 


pul 

■ 


165. To obtain the ratio, u, ^ .... for each member, we suppose a 
vv 

concentrated load applied at c; and, by the principles of statics, find the 
resulting total stresses. P, P. etc., in the several memtiers. If the supposed 
load, at c, be taken — unity, the stresses, P, P, etc . so found, are the desired 
ratios, u, u, etc. 


* Strictly speaking, with a load increasing gradually from 0 to W, and 
wi<rh resulting stress increasing gradually from 0 to P, we should deal with 
the mean load, *-= J W, and with the mean stiess, = i P, in each member; 
but it. will be seen that this would not affect the equations derived. 

t Where, as in Figs (a), ( b ) and (c), only one member is supposed to 
change its length, I) « d. 

X See note (t) on preceding page- 
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160. Summation of Deflections. The total deflection, D, at c, 
under the given system of loads, being => the sum of the partial deflections, 
d, d, due (but not necessarily equal) respectively to the stretches, it, A:, ip 
the several members, we have 


Thus, in Figs. ( d) and (e), we assume the tie extensible and the strut com¬ 
pressible. In Fig. (d), W “ Pj + I**; ami W D = Pj k -t- Pj> k = (Pi + PJ k. 
,. -p, „ , Pj , Pj . P] + Pj . W , . IT' 

Hence D - 2 u fc «= ^ . H . 1' =■ y k ** ln 11R - 

(e),D = Su*« 'y • ^. h v, hi + u. 

167. Positive and Negativ . Stretches. In some cases it may 
happen that the change of length of a member diminishes, instead of in¬ 
creasing, the total deflection at the point, c, in question, and must therefore 

be taken as negative in summing up the values of u k — —l but when c is 

the middle point of a span, or the end of a cantilever, all the changes in length 
of the members ordinarily contribute to the deflection, and must therefore 
be taken as positive. 

Theoretically, the formula, D = applies also to the deflections 

of arches, dams and other structures composed of blocks; but, owing to 
the uncertainty of the values of E, and to the relative inaccuracy of finish 
in masonry work, it is of but litt.e practical utility in such cases. 

168. Redundant or Statically Indeterminate Members. Trusses 
frequently oontain members whose stresses cannot l>e found by the principles 
of statics. Thus, in Fig. 11 (c), the two diagonal tension members meeting 
at the top of either end post are said to be redundant, or statically indeter¬ 
minate, because the principles of statics do not enable, us to determine what 
proportion of the total load goes to the supports through each of the two 
systems. Figs. 11 (a) and (6), composing Fig. 11 (c). But the deflection 
formula, just given, enables us to determine the stresses in such members; 
for, by means of it, we mav find, separately, the deflection in each of the two 
systems. Figs. 11 (a) and (6); and the part load, transmitted to the supports 
through each of theae two systems, is inversely proportional to their deflec¬ 
tions. 


BRIDGE DETAILS AND CONSTRUCTION. 

General Principles. 

169. In general, & truss bridge consists essentially of two or more verti¬ 
cal trusses, AB, CD, Fig. 49, placed side by side, and connected by the 
floor system* which, in turn, they support; and bracing (forming a 
“lateral system”) is supplied between opposite chords where practica¬ 
ble, in order to maintain the trusses parallel. 



H 

■““1 

P 



— 


r~ 



_ 

_ 

_ j 

. 



Fig. 49. 


170. The floor system consists ordinarily of floor beams and string¬ 
ers. The floor beams, AC, EF, etc., Fig. 49, are placed transversely to the 
bridge, and are attached to the trusses at opposite panel points. Connected 
with these and perpendicular to them or parallel to the trusses, are the 
stringers, GH, IJ, etc. In railroad bridges, there are usually two or more 
stringers plaoed side by side and running the length of the bridge, to support 
the ties. In city highway bridges, these stringers are usually spaced at smaller 
intervals, and support buckled plates or other form of flooring, on whicL the 
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paving is laid. For country highway bridges, the stringers are frequently 
of wood, placed quite near together, and tne planks of the floor are nailed 
Dr spiked directly to them. 

Solid floors (see Pencoyd floor sections) add to the rigidity and per- 
manenoe of a bridge, and give increased protection to traffic below, against' 
injury from falling bodies or in case of derailment. Their shallowness is an 
advantage where head-room is an object. 

171. Any load, then, is carried first from the ties or floor, etc., to 
the stringers, then by the stringers to the floor beams, and finally by the 
floor beams to the panel points of the bridge, where it is carried through the 
trusses to the supports. 

172. Pedestals, shoes’or bed plates, Fig. 62, bolted to the piers, support 
the ends of the trusses. When the bridge is of long span, so that the expan¬ 
sion and contraction due to heat and cold are considerable, expansion 
bearings. Figs. CO, 62, must be provided at one end. See 205, etc. 
For cross-oracing, see IHi 19. etc. 

General Character of Design. 

173. Flexible and Rigid Tension Members. Adjustable 
Counters. Until recently, eve-bars have generally been used for the 
tension members of trusses. These are long flat bars, liable to yield laterally 
under compression, and furnished, at their ends, with eyes or openings, 
through which pass pins connecting them with the other members of the 
bridge; but ngid built members, capable of sustaining some compression, as 
well as ten-iion, are now' much used for tension members. Counters were 
usually made in two lengths, and were adjustable, the two lengths being 
connected bv turnbuckles; but these rendered it possible to bring undue and 
dangerous .-tresses in the panels, and they are now giving place to counters 
made each in one length. 

174. Compression members are ordinarily “built up” of angles and 
plates, or of channels and plates with latticing, in hollow shapes, bringing 
most of the material as far as possible from the neutral axes of the cross- 
section and thus increasing its resisting moment. 

175. Pin and Riveted Connections. The web members are con¬ 
nected with the chords cither by pins or by rivets. In the former case the 
truss is said to be pin-connectcd; in the latter case, riveted.* ** Until re¬ 
cently, pin-connected trusses have been typical of American practice; but 
the Americans are now larger using riveted trusses, for spans up to from 
150 to 175 ft., whde the Europe., .is are in some cases u. ing pins. The prin¬ 
cipal advantage claimed for the riveted joint is that it makes a stiffer bridge 
and one that will not rattle, and that a riveted truss, computed as if pin-con¬ 
nected, will have an additional margin of safety on account of added stiff¬ 
ness. In the pin-connected bridge, on the other hand, the stresses can be 
much more accurately determined, and deflection may take place without 
producing twist ingo. bending stresses in the connections themselves. 

176. Tendency to Greater Rigidity. There is a growing tendency 
to use stiffer bracing, to design at least all short braces for compression, and 
to make even the longer tension members of channels or angles, forming a 
rigid member. Unless pin-connected eye-bars are of exactly equal length, 
6ome of them will receive more than their share of the total stress. 

177. Floor-beam Connections. In the United States, floor-beam 
connections were formerly made by hanging the floor beams from the pins 
by means of hangers; but now, w r here possible, the ends of the floor beams 
are riveted directly to the inner sides of the posts. 

178. In tension members, rivets are so arranged as to reduce the net 
effective section as little as possible. 

179. Compression members are so designed as to place most of the material 
as far as possible from their neutral axes, and they are sometimes strength¬ 
ened by auxiliary ties or posts supporting them at their middle points, in 
oases where the resulting saving in material for the member will be consid¬ 
erably greater than the expenditure of material in the auxiliary member. 


* Riveted trusses are unfortunately called, also, “lattice girders,” “lattioe 
trusses,” “riveted lattice girders” and “riveted lattice trusses.” The term 

** lattioe ” is often applied to shallow trusses with numerous panels. 
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180. So far as possible, compression members are made equally strong 

K ' wt, bending about either of the two principal axes, AB and XY, Fig. 62, 
eir cross-sections. 

181. Where the same member occurs many times in a bridge, and where, 
therefore, an excess of material in the design of such member would involve 
a large total waste, the computation of the member is repeated many times 
until the most economical section is found. 


182. In metal trusses the shorter members arc usually made to withstand 
compression, and the longer ones tension, this being more economical of 
material. Thus, the Pratt truss, with diagonal tension members, is use« 
for steel bridges, while the Howe truss is now built only with wooden diago¬ 
nals. 

Tension Members. 


183. In eye-bars, area of cross-section 


maximum ten sile stress 
allowable unit tension ' 


184. The dimensions of the heads of eye-bars are usually determined by 
the manufacturers, and are so designed as to give ample excess of strength 
at the pin-holes, so that, if tested to destruction, fully two-thirds of the 
number of bars tested shall break in the body of the bar, this being usually 
required by specifications. It is important that the proportions of eye-bar 
heads should be such as to ensure thorough working ot the metal in the up¬ 
setting process. 



0 10 HO (lO 40 50 OO 70 HO 90 100 110 ISO 


Fife. 50. 


185. Fig. 50 shows, to two different scales, the “packing” (arrangement 
of pins and eye-bars) in the left half of the lower chord of a 150 ft. through 
(skew) span built by the Phcenix Bridge Co. in 1900 for the Philadelphia and 
Reading Railway Co. near Reynolds, Pa. 

186. Built Sections. Hip vertical hangers, non-adjustable counters 
and their corresponding mains, are usually built up of rolled steel shapes. 
A sebtion in common use shown in Fig. 51, consists of four angles, connected, 
at intervals, by small narrow flat bars, riveted to the angles and running 
across xigiag from one to the other. When single, as in Fig 51, this is called 
“lacing”; when double, as in Fig. 52 (5), " latticing." The shaded area of the 
angles, Fig. 51, minus that of the rivet holes, is taken as the effective section. 

187. Minimum Sections. Specifications (see Digests) usually require 
the use of some minimum section. Thus, in a counter in which the stress is 
58,000 lbs., 3.5 Bquare inches of cross-section would suffice; but specifications 
frequently forbid the use, in such sections, of any angle smaller than 3$ X 8$ 
X 4, which gives 9.20 square inches gross; or, deducting one rivet hole from 
each angle, 7.68 square inches net section. 


Compression Members. 

188. The computation of a compression member consists of a series o. 
approximations; for the unit stress depends upon the radius of gyration, the 
raaiue of gyration on the area of section and disposal of material with regard 
to the axes, and this, m turn, on the unit stress. See Columns, under Strength 
of Materials. 

189. Fig. 52 (a) shows a form often used for poets, and consisting of two 
channels, placed with their backs outward and riveted together by lacing. 
In Fig. 52 (t>) the channels are placed with their backs inward. For econ¬ 
omy, the channels should be so spaced as to make the radius of gyration the 
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5»me about either axis, A-B or X-Y. The radius of gyration ia given in 
the hand-books of mfrs of structural shapes. See pp. 1174, etc. 

190. The upper chord section is frequently built up of two channels 
and a plate, or in some such form as shown in Fig 53, consisting of two verti¬ 
cal plates or “webs," a horizontal top plate or “cover," four “angles," and 
fiat pieces or bars on each side of the bottom Lattice bracing, or lacing, is 
ptovided along the bottom, except at panel points, where it is omitted in 
order that the post and the ties may enter the chord from below. In pin- 
connected trusses the axis of the pin lies in the line AB. 

191. The interior width, w, depends chiefly on the space required by the 
post and ties which meet at the panel point, and also upon the height of the 
inside rivet heads. Usually, for convenience of construction, the greatest 
width, to, required is kept constant throughout the upper chord. The height, 
H, depends chiefly on the size of eye-bar head, and is kept constant. The 
thicknesses of the web plates, and sometimes also those of the bars and 
angles, arc varied, along the chord, in order to provide, at each point, suffi¬ 
cient area to withstand the stress. 



Ft*. 51. 


F1|C. 52. 



192. The end post is to be considered not only as a column, but also as a 
beam subject to shear, on account of the wind blowing against the top of the 
side of the truss. The design of this built-up form is much the same in princi¬ 
ple as that given above for a post. Certain sections are tried, and then 
changed if necessary. 

193. The end post must be safe, not only against bending about the 
axis, A-B, Fig 53, under compression, but also against bending about the 
other axis, X-Y, under the combined effect of compression and the bending 
moment, due to the wind blowing against the top of the truss. See Fig. 54 (o). 




(a) (b) 

Fig. 54. 


194. The portal bracing, above, and the floor beam, below, are assumed 
to prevent bending of the parts of the posts adjacent to them; and we may 
consider either half of either post ( *■ i l) as a vertical cantilever, fixed at 
one end, and loaded, at the other end (which is at the niddle of the post) 
with a load = wind pressure on half the upper portion of one truss. 
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196. The maximum stresses, due to compression, of coui^e occur about 
the middle of the post, while those due to the wind occur near the ends. 
Hence it would be unreasonable to require the post to r< i-q all of both 
effects simultaneously throughout its length; and specific:!lions therefore 
usually allow the unit stress, due to dead, live, impact and wind loading com¬ 
bined, to be increased to 21,000 tbs. persq. in., properly reduced !»> formula 
for compression. 

196. Long- coinpreMwion member* are designed with a view to 
their liability to failure by buckling sideways. The fonnula- in common use 
are the Rankine (often miscalled the Gordon): p -- »/(! + wh), and the 
“straight-line": p = s c K. Here 
p = mean unit load on column = total load solid m>ves« otion area; 
a => max unit stress in cross-section; 

K = L / r = unsupported length least gyration radius; 
m and c = coefficients. 

See also pp 495, etc, 760-761, 764, 1194-1195, 1143-1148. 


197. The formula for extreme fiber stress due to combined compression 
and bending, is 

„ _ P , Mb T 

S = A t _ i>/; 

1 lie 


Where P « longitudinal compressive fo. •; 

A — area of section; 

Mb ■* bending moment due to transverse load; 

T distance from neutral axis to extreme fibers; 

I — moment of inertia; 

/ *» length of l>eain; 

E -= modulus of elasticity; 
c =» coefficient. See Transverse Strength, * 103. 


Joints. 

198. JPIn Platen. Where a pin passes through one or more, Hhapes of 
some member, if often happens that the combined surfaces of the truss mem¬ 
bers alone, in contact with the pin, are insufficient to transmit, by bearing, all 
of the stresses to be delivered to the member. There is then danger of 
crushing the material which presses against the pin. To obviate this, other 
shapes, usually flats and called pin plates or reinforcing plates, are riveted 
to the member; giving, in all, sufficient bearing surface for the pm. See 
Fig. 55; where the letters denote: 

AA, angles, W, web, F, filler, 

C, cover, P, pin, O, outside pin plate, 

B, bar, J, jaw, T, batten plates. 



Flic. 55. 


199. In Fig. 56, the two channels form the whole member (exoept the lat¬ 
ticing, which cannot be included to resist compression) and the pin peases 
through both channels. In the case of a built-up chord section, or of an 
end post; Fig. 53. however, the webs form only a part of the section; 
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while the cover, the angles and the flats can receive no tie •• 
the pin, but must receive it indirectly from the web flflu tWIil luv y 1 
attached to it. 

200. Where a pin plate is placed on each side of the web, the outside one 
must, according to most specifications, cover the angles; and there must, in 
addition, be a ‘‘filler” between it and the web. 

201 . Engineers differ as to the manner in winch the stresses are actually 
11 ansferrcd through the several parts of a pin connection. We may assume 
that t he stresses iu the pin plates are delivered almost directly to the shapes 
of the member. Thus, the outer reinforcing plate probably delivers most or 
all of Its .stress to the angles, and little or none to the web. 

202. In each angle, those rivets which pass through the inner pin plate 
inu^t transmit, by means of their bearing against the angle, the sum of the 
.^tresses which they take by shear from inside and from outside. In other 
words, these rivets are in double shear. 

Pins. 

203. The pin must be designed to resist bending stresses from the mem¬ 
bers through which it parses. It is also subject to shear, but this is seldom 
a critical point. 

204. The pin requiring the greatest cross-section is usually either the one 
at the middle of the span and in the lower chord, where the chord stresses 
arc greatest, or the one at the joint between the end post and the top chord; 
but, as the pins are relatively small members, all the other pins are, for the 
sake of uniformity, usually made of the same size with it. 



Fi*. «6. 


FI*. 57. 


Expansion Bearings. 

205. Expansion bearings usually consist of a nest of carefully turned 
rollers placed between two planed surfaces, shown in principle in Fig. 57. 

206. The rollers are steel cylinders, from 3 to 6 ins. diam.; and 1 to 4 
ft. long; planed smooth. From 4 to 8 or more of these are connected to¬ 
gether oy a frame, and one such frame is placed under at least one end of the 
tn 






rests on the rollers. Since a truss of even 200 ft. span will scarcely change its 
length as much as 3 ins. by extremes of temperature, the play of the rollers is 
but small. They are kept in line by flanges cast along the side of the bed¬ 
plate. Flanges should also project downward from the upper bed-plate, 
so as completely to protect the rollers from dust, rain, etc. 

207. The total displacement, allowed for the free end of the truss, is 
usually specified (see Digests); otherwise it maybe taken as „ 

= (T —Q span 
145,000 ’ 


where T and t - the max. and min. temps, respectively, in degrees F. The 
min. temp, to be expected may be obtained from Weather Bureau records 
of temps, in the shade, but the max, should be taken 20° or 30° higher than 
that of the Weather Bureau; because, in bright sunshine, the bridge will 
become much hotter than the air. 


208. Rockers. In order to restrict the length of the bearing, where the 
displacement, is moderate, rockers, Fig. 02, are often used instead of rollers. 

209. For other regulations and suggestions regarding design of roller 
bearings, see Digests of Specifications, and Figs. 60 and 61. 
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Loads, Etc. 

210. Loads, Clearance, etc., lor Highway Bridges. See also 

Digests of Specifications for Bridges. 

Weights of crowds. At the Chelsea bridge, London, picked men, 
packed upon the platform of a weigh-bridge, gave a load of only 84 lbs. per 
sq. ft. At Buckingham Palace, men, wedged as closely as possible upon a 
space 20 ft. in diameter, the last man loweied from above, among the others, 
gave 120 lbs. per sq. ft. But modern experimenters have easily obtained 
loadsof from 140 to 150 lbs. per sq. ft. With picked men, averaging 168.2 
lbs. each, all facing one way, 'carefully packed, and confined within an 
enclosure 6 ft. square (0.9 sq. ft. per man;, Prof. L. J. Johnson, at Harvard 
University, obtained a maximum of 181.3 lbs. per sq. ft.* See also page-' 
755, etc. 

Where the enclosure of the space is such that portions of the persons, 
standing against the enclosure, may project beyond it, the load, per unit of 
space, is of course increased; and, with small areas, this increase may be 
relatively important. 


Camber. 


211. Amount of Camber. If we divide the span in feet, by 50, the 
quot. will ordinarily be a sufficient camber, in inches. This amounts to 1 ir« 
600. The camber to be used is, however, usually stipulated in the specifica¬ 
tions. See Digests. A woU-bmlt bridge, of good design, should not, unde* 
its greatest load, deflect more than about one inch for each 100 feet of its 
span, or I tn 1200. Indeed, the deflection is frcquentK much less than this 


212. The excess of length of the upper chord over that of the lower one, 
given the span, the depth of trus* and the camber, will be =- 

S X depth X randier oa „f, 

This rule applies dosel> with any camber not exceeding 0.02 of p 

the span. 


213. Length of diagonal 
where am depth of truss, and a b 


b, Fig. 58, c b - s o i 
o b - 

c n + - - 


a 6 -’; 



Fig. 58. 


214. Sometimes the elongation or shortening, produced by 
the loading, is computed for each member, and the length of each member 
affected is corresponding^ changed. Set* Deflections, * ^ 162, etc. 


Example**. 

213. Figs. 59 (a) to (u), to a uniform scale of 1 inch ~ 60 feet, serve to 
indicate current practice respecting the t.\ pes selected for different spans, 
the relation between span, panel length and depth, the spacing of stiffeners 
in plate girders, the arrangement of chord and web members, the use of ngul 
and flexible members, counters and turnbuckles, in trusses, and, approxi¬ 
mately, the dimensions of rigid members and of gusset plates, as seen m ele¬ 
vation. 

216. In each case the left half of the span is shown, and the center line of 
the span is indicated by a dot-and-dash line. Through spans and deek spans 
are distinguished by the elevation of the roadwav, as approximate^ indi¬ 
cated at the left support. 

217. In Figs. A to q, representing trusses, rigid members are indicated by 
double line*, flexible members in verticals and main diagonals b> single lines, 
and counters by dotted lines. In pm spans, to avoid confusion, the rigid 
members arc shown cut off near the pins. 

21B. Figs, (o) to (o) represent standard designs, from 25 to 200 ft. span, by 
Mr. Ralph Modjeski, C.E., for the Northern Pacific Railway Co.; Fig. (i>) 
a 250 ft. railroad span designed bv the Pencoyd Works of the American 
Bridge Co.; Fig. (<j) a 308 It. railroad span by the Phomix Bridge Co.; Figs, 
(r) to (f) designs for rivoted trusses by the Klnnra Works of the American 
Bridge Co.; and Fig. (u) a riveted railroad bridge, of 102 ft. span, designed 
by the Pencoyd Works 


* Journal, Ass'n F.ngng Socs, Jan., 1905. 



Fit;. 89 (• to »). 
















728 


TRUSSES. 


220. Fig. (r) represents a 128 ft. span for the New York Central and Hud¬ 
son River R. It., and Figs. (*) and (0 spans of 143 ft. and 160 ft. respectively 
for the Delaware, Lackawanna and Western R. R. Figs, (r) and («) are modi¬ 
fications of the Baltimore truss, Fig. 15 (6), and Fig (0 is a quadruplexWarren 
truss. Fig. (s) is a skew span. Fig. («) is a “pony” span. 



FI*. 59 (r). 




Flip. 59 (0. 



Fig. 59 (u). 


*21. Details. Figs. GO to 65 show a few details of trusses and of plate 
girders. 

222. Figs. 60 and 61 show left end connections of two through truss 
bridges (with roller bearings) designed by the Pencoyd Works; Fig- 61 
representing the 250 ft. through pin span shown in Fig. 59 (p), and Fig. 60 
a 124 riveted through span, showing the portal bracing. 
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weights of steel railroad bridges designed for two locomotives, ol 
146 tons each, and a uniform train load of 4000 lbs. per foot of track. The 
weights include the two beams, girders or trusses of one single-track span, 
with their bracing, metal floor system and end bearings. For wooden floor 
system, add 400 lbs. per lineal foot. For pin-connected spans (130 to 200 
ft.), the three dash diagrams show, reside lively, the weights of two trusses 
alone, of two trusses and bracing, and of two trusses, bracing and metal 
floor. The solid curve includes weights of end bearings. 

For weights of combination (wood and iron) railroad bridges, see \ 249. 

Highway bridges differ so widely, as to service and design, that it is 
scarcely practicable to give here useful data as to their weights. 


List of Large Bridges. 

Each bridge here given is believed to be (1902) the largest of its type in 
k -he world. 


Type Spanning At Span, ft Built 

Truss,.Ohio River Louisville 653 1893 

Swing.Missouri River Omaha 620 1894 

Suspension,.East River 

(“Brooklyn”) New York 1595 1883 

Suspension,......East River 

(“New”) New York 1600 * 

Arch (metal).Niagara River Niagara Falls 840 1898 

Arch (stone),....-.Petruff Valley Luxembourg 277 • 

Cantilever.Firth of Forth Queensferry 1700 1890 


The highest viaduct is the Gokteik Viaduct, in Burmah, with a maximum 
height of 320 ft., and a total length (composed of short spans) of 2260 ft. 

bunt in 1901. 


Timber Trusses. 

220. Timber is now becoming so expensive, except in unsettled regions, 
and the labor of designing so cheap, that it is no longer found to be good 
practice to use unnecessarily heavy timbers, simply for the sake of being "on 
the safe side” and avoiding computations, lienee, in important bndgeB, 
every part of each member under stress is usually computed. On the other 
tand, the strength of wood is so uncertain an element that, when in doubt, 
it is best to adopt that assumption which will require the larger section; ana 
ample factors of safety should be used. 

227. Compression members are designed as columns (see Columns, 
pp 495, etc., and Wooden Columns, pp 903, etc.); and, if subjected to transverse 
stresses as well, these also should be carefully taken into account All holes 
and other reductions of section must of course be deducted from the gross 
section. 

228. In the tension members also, all reductions of section must be 
considered; but iron or steel rods are now generally used, in place of wood, 
in tension members. 

229. In addition, care should lie taken that the timber can withstand 
any crushing or shearing stresses that may come upon it or be set up m 
it. Thus, the ends of posts should be investigated, to see that they are safe 
against crushing. Where a post meets another member at an inclined angle 
and is to be notched into it, it is economy to compute the depth of notch re- 

a uired; as, the deeper the notch, the greater the gross section required for 
le notched member. Where bolts are fastened to timbers by nutB, washers 
should invariably be placed under the nuts, and the site of washer, necessary 
to prevent crushing the wood, computed. 

230. Where the wood is subjected to shearing, as where a bolt, passed 
through a timber, transmits stress by the bearing of its side against the inside 
A the hole, or where there is a step or table which may be sheared off by the 
pressure of another piece against it. it should always be seen that there is 
efficient surface along the grain of the wood to take the shear, and some 
allowance should be made for the possibility that the grain may run out to 
Iba surfaos or to some hole before all the stress can be transferred. 


• Under construction. 1902. 
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231* Cross-section of Upper Chord. Since it would be inconve¬ 
nient, in practical construction, to change the section of a timber upper chord 
at different points, it is designed throughout to withstand the maximum 
stress occurring between any two panel points. Assume width of chord 

member. Find r* — (least radius of gyration) 2 — . Find allowable 

unit stress according to column formula given in specifications or adopted, 
using the given maximum stress. Find area required for this unit stress. 
Find the resulting depth, which for a horizontal or inclined member is pref¬ 
erably somewhat greater than the width, to allow for bending moment due 
to its own weight. If this does not give a good commercial size, it may be 
well to revise, m order to obtain a better section. 


232. Struts arc preferably made as wide as the upper chord. Each strut 
must be designed separately. Obtain r 2 , allowable unit stress, etc., as for the 
upper chord. For economy, the struts should average nearly square, even 
though it should be necessary to alter the section of the upper chord in order 
to prevent wide deviation from a square section. 

233. The vertical ties (of iron) may now be designed. Area of cross- 

section — gee Minimum Section, If 187. The 

allowable unit stress 

size of a nut is usually fixed by the diameter of the rod, but the washers 
should be so designed as not to crush the wood. 

234. The bearings or Indentations, required in the upper and lower 
chords to hold the inclined members in place, may now be computed. The 
component (in the strut) perpendicular to the face or faces against which it 
presses, is computed, and the necessary depth obtained, assuming the width 
of the lower chord the same as that of the upper chord and the struts. 

235. The section of the lower chord may now be decided upon, since 
the reduct ion of section, due to indentations, is known. 

. , . maximum stress 

Area of net cross-section •* —n-rr-:-* 

allowable unit stress 



Fi*. 67. 


236. End Joint. Fig. 67. Many different designs for end joints have 
been made, proposed and discussed. The ends of the straps should enter 
notches in the lower chord, to such a depth that the total stress, taken by the 
end fibers of the sides of the notches, is equal to the stress that the ends of 
the straps can resist by bending. This depth can bfe found by successive 
trials, or by means of two algebraic equations, in which the maximum allow¬ 
able pressure and the depth of notch are the two unknown quantities. 

Determine the shearing surface required to transmit this stress to the body 
of the lower chord. This will also determine the space between the notches 
and the and of the lower chord. Compute the stress (if anv) that remains to 
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be transferred, and design the long inclined bolts and their washers accord* 
ingly. Compute also the compressive area and depth of vertical face of 
lower end of upper chord, required to transmit the horizontal component of 
its thrust. See also that the lower bearing presents sufficient surface to 
resist the vertical component. The keys, between the bolster and the lower 
chord, must be designed to carry the horizontal component of the wind. For 
safety, friction between the two parts should be neglected. 

237. Figs. 6S show joints adapted to most of the cases that occur in 
practice with wooden beams, etc. They need but little explanation. Fig. 
(a) is a good mode of splicing a post; in doing which the line o o should never 
be inolined or sloped, but be made parallel to the axis^of the post; otherwise, 
in case of shrinkage, or of great pressure, the parts on each side of it tend to 
slide along each other, and thus bring a great strain upon the bolts. When 
greater strength is required, iron hoops may be used, as at b, h and j, instead 
of bolts. Fig. ( b) shows a post spliced by 4 fishing pieces; which may be 
fastened either by bolts, as in the upper part; or by hoops, as in the lower. 
The hoops may be tightened by flanges and screws as at a; or thin iron 
wedges may be driven between them and the timbers, if necessary. Fig. (’ 
shows a good, strong arrangement for uniting a straining-beam k, or iafter /. 
and a queen-post u; by letting k and l abut against each other, and confining 
them between a double queen-post t t; n n are two blocks through which 
the bolts pass. A similar arrangement is equally good for uniting the tie- 
beam u\ with the foot v, of the queens; with the addition of a strap, as in the 
figure. Fig. ( e ) is a method of framing one beam into another, at right angles 
to it. An Iron stirrup, as at /, may be used for the same purpose; and is 
stronger. Figs, a h, i j are built beams. When a beam or girder of great 
depth is required, if we obtain it by merely laying one beam flat upon an¬ 
other, we secure only as much strength as the two Deama would have if sep¬ 
arate. But if we prevent them from sliding on one another, by inserting 
transverse blocks or keys, as at g; or by indenting them into one another, as 
at i j; and then bolt or strap them firmly together to create friction; we ob¬ 
tain nearly the strength of a solid beam of the total depth; which strength is 
as the square of the depth. See Horizontal Shear, 1J 51, under Transverse 
Strength. 

238. The strength of a built beam is increased by increasing its depth at 
its center, where it is most strained; as in the upper chords of a bridge, 'i his 
may be done by adding the triangular strip y y between the two beams. 

239. A piece of plate-iron may be placed at the joints of timbers when 
there is a great pressure; which is thus more equally distributed over the 
entire area of the joint; or cast iron may be u>ed. 

240. Frequently a simple strap will not suffice, when it is necessary to draw 
the two timbers very tightly together. In such cases, one end of each strap 
may, as at r, terminate as a screw; and after passing through a cross-bar Z, 
all may Ise tightened up by a nut at x. Or the principle of the double key, 
shown at K, may be applied. Sometimes, as at A, the hole for the bolt is 
first bored; then a hole is cut in one side of the timber, and reaching to the 
bolt-hole, large enough to allow the screw nut to be inserted. This being 
done, the hole is refilled by a wooden plug, which holds the nut in place 
Then the screw-bolt is inserted, passing through the nut. By turning the 
screw the timbers may then be tightened together. 

241. When the ends of l>eams, joists, etc., are inserted into walls in the 
usual square manner, there is danger that, in case of being burnt in two, they 
may, in falling, overturn the wall. This may be avoided by cutting the ends 
into the shape shown at m. 

242. When a strap o, Fig. R, has to bear a strain so great as to endanger 
its crushing the timber p, »n which it rests, a casting like v mu.y be used under 
it. The strap will pass around the back r of thecasting. The small projec¬ 
tions in the bottom, being notched into the timber, will prevent, the casting 
from sliding under the oblique strain of the strap. The same may be used 
for oblique Dolts, and below a timber as well as above it. When below, it 
may become necessary to bolt or spike the casting to the under sido of the 
timber. When the pull on a strap is at right angles to the timber, if there 
is much strain, a piece of plate-iron, instead of a casting, may lie inserted 
between the strap and the tin\ber, to prevent the latter from being crushed 
t>r crippled ; see I and I 
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343. Lower Chord Splice. Owing to the length of the lower chord, 
it may be necessary to splice it, as in Fig. 69, where the splice is a tabled fish¬ 
plate joint. The number of tables to be used is largely a matter of trial. The 
use of too many tables involves too much carpentry, and consequent uncer¬ 
tainty as to distribution of pressures, while the use of too few requires deep 
notches, which may too greatly reduce the section. These tables must be 
designed to resist bearing against their ends, and to resist being sheared off. 
Bolts should be passed through, especially at the ends of the fish-plates, to 
prevent them from bending outward; and the washers should be so designed 
as to transmit safely to the wood all the stress that can come on the bolt. 



ng .«». 

244. Fig. 70 shows a lower chord splice used in connection w ith the stand¬ 
ard combination (timber and iron) Howe truss bridges of the Chicago, Mil¬ 
waukee & St. Paul Railway See 11H 249-251, Figs. 73 Four of the clamp- 
blocks shown are required for each joint, a block being placed upon each side 
of each stick to be spliced The two opposite blocks forming a pair are held 
together, and against the stick, by four through bolts; and the cylindrical 
lugs, cast on the surface of each block, enter corresponding holes, bored in 
the face of the stick. The two blocks on the same side of a stick are held 
together by the hooked clamp-bar. The clamp-key is driven between the 
left hook and the beveled key-seat on the left block. 
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FI*;. 70. 

245. Figs. 71 illustrate a small wooden Howe truss bridge. The top 
and bottom chords are each made up of three or more parallel timbers c ee. 
placed a small distance apart, to let the vertical tie-rods r r pass between 
them. The main braces, o o, are in pairs or in threes. The pieces compos¬ 
ing them abut, at top and at bottom, against triangular angle blocks, $; 
which, if of hard wood, are solid; and, if of cast iron, hollow, Fig. (d), and 
strengthened by inner ribs. These blocks extend across the three or more 
chord pieces. Against their centers abut also the counterbraces e. These 
are single pieces in small bridges; or in pairs, in large ones; and pass between 
the pieces which compose a main brace. Where the wooden braces and 
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counters cross, they are bolted together. In Fig. (d), the dotted lines show 
the strengthening nbs; and the lug, x, keeps the block in plaoe. The vertical 
tie-rods r r, of iron, are in pairs, threes, or fours, etc., according to sise of 
bridge; with a screw and nut at each end. The heads and feet of the braces 
and counters abut square against the angle blocks; and are often kept in 
place only by tightening the screws of the vertical ties. The end posts, p 
and d, the end ties, i c and b y, and the horizontal extensions, g i and w 6 , of 
♦he upper chord, form no part of the truss proper. 


1 g 




346* In large spans, to prevent the pressure at the ends of the diago¬ 
nals from crushing the chords, the angle blocks are sometimes cast with deep 
projecting flanges under their bases. These flanges, passing between the 
pieces which c. moose a chord, extend to the opposite face of the chord. 
There the flanges bear upon broad washers at the ends of the vertical rods. 



247. A common form of lateral bracing, Fig. 72, resembles a, Howe 
truss laid flat on its side. In it the diagonals of the cross are strutB of timber; 
and the pieces r r are round rous. One of the struts is whole, with the excep¬ 
tion of a slight mortise on each vertical side, at its center, for receiving tenons 
cut on the inner ends of the two pieces which compose the other diagonal. 
At the sides of the chords, the ends of the diagonals rest upon a ledge (shown 
by the dotted line t i), about H inches wide, cast at the bottom of the oast- 
iron angle block. The tie-rod r r, passing through the chords of both trusses, 
being tightened by means of the nut «, holds the diagonals firmly in place; 
and, in oase of their shrinking a little in time, they can be again tightened up 
by the same means. 

The cast angle block is as deep as a brace; its thickness need not exoeed 
half an inch, in a large bridge. It has holes for the passage of the rod r * 
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248. Dimensions for each of two trusses of a single track Howe 
bridge for highway or suburban electric railway, with cars weighing 20 to 
25 tons each. Timber not to be strained more than 800 lbs. per sq. inch; 
nor iron more than 5 tons per sq. inch. Iron supposed to be of rather supe¬ 
rior quality, requiring from 25 to 27 tons (60,480 lbs.) per sq. inch to break it. 
The rods to be upset at their screw-ends. To each of the two sides of each 
lower chord is supposed to be added, and firmly connected, a piece at least 
half as thick as one of the chord pieces, and as long as three panels, at the 
center of the span. 


249. Standard “combination” (wood and iron) Howe truss rail¬ 
road bridges, Chicago. Milwaukee & St. Paul Railway. 1891-1902. 

The bridges are designed for a train load of 4000 tbs. per lineal foot. 
Wind stresses are computed for a pressure of 500 lbs per lineal foot ot 
train. Compressive stresses in braces, max. 505, min. 92 tbs per sq mch. 
Tensile stresses; in main truss rods, max. 12,450, min. 8500 tbs per sq. 
inch of net area at root of thread. Lateral rods, max. 15,000 tbs. persq. 
inch of net section. 

Timber. Cross-tics and guard rails, white oak; top chord packing blocks, 
white pine; all other timber, white or Norway pine or Douglas fir. 
Combination Bridges, Chicago, Milwaukee & St. Paul Railway: 


Total length, 

feet,*. 

Span, feet,*.. 

Panels. 

Upper chord,. 
Lower chord, t 
Main braces, 
M: 

At center, t 
At ends,... 
Counters, C: 
At center, t 
At ends,.. . 
Vertical rods: 
At center, t 
At ends,... 
Weight, tbs., $ 


2,10x10]2, 8xl0;2,10x10 2 
2, 10x12 2,12x12 2.12x12 2 


‘U I, Ml* I. 1, OAIU I , OA IV 

1,8x8 1, 8x8 1,8x8 1,8x8 


3. H ! 3. n 


q 24 3 of i 3 ‘>i / 3, 24 3, 24 3, 2| 3, 24 

2* 3. 2f 3, j, 2 2 2 2 . 2 I 2, 2 

130,300j 155,500) 182.000 1 209,400 233, 100 ’ 259,900 286,500 


136 

147 

132 

14.3 

12 

13 

4. 8x10 

4, 8x12 

4, 8x15 

4, 8x15 

2,10x10 

2.10x10 

2,14x14 

2, 14x14 

1, 10x12 

1, 8x10 

1, 8x8 

1,8x8 

3. H 

3, 1» 

3. 21 

3, 2* 

2. 2 
259,900 

2, 2 
286,500 


♦ Lengths and spans are given to the nearest foot. The panel length it 
10 ft. lli ins. Each span is longer, by one panel, than the next preceding. 
Depth, in all canes, 25 feet in clear of chords. Width, 14 ft. 6 ins. in cleat 
between chords. 

t For lower chord splice, sec Fig. 70, 1 244. 

t Owing to the fact that the spans have alternately odd and even number* 
<rf panels, there is some ambiguity as to the dimensions of web members at 
center of span. 

i Weight includes t he two trusses, bracing and floor system for one single- 
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250. In all spans, lateral’bracing, 6X6 ins. at center, 8X8 ina. at ends, 
of span; lateral rods, 1$ ins. at center, 1} to If ins. at ends; collision struts, 
S (one at each end of each truss), 6 X 14 ins.; transverse portal brace, B, 
between ends of upper chords (one at each end of bridge), 10 X 12 ins,; 
diagonal portal braces, D (two at each end of bridge). 6X8 ins. 

The floor beams are 10 X 16 ins., 20 ft. long, 14 ft. clear span, and 2 
ft. 6 ins. apart center to center. The stringers are 5 ins. wide, 12 ina. deep, 
placed as snown in the end view, Fig. (6). Ties, 8 ins. wide, 6 ins. deep, 1 ft. 
apart, center to center. Guard rail, 8 ins. wide, 5 ins. deep. Under each 
end of the lower chord are two timber wall plates, 12 X 12 ins., 20 ft. long. 

251. Figs. 73 show the. 99 it. span. Fig. (a) is a side elevation of hail 
the span with top and bottom lateral bracing and flt»or system; Fig (b) a 
half end elevation, showing portal bracing; Fig. (c) a panel point con¬ 
nection (the same for upper and for lower chord); Fig. ( d) a cast-iron 
angle block for same; and Fig. ( t ) a cast-iron angle block for lateral bracing. 


# Metal Roof Trusses. 

252. Among the types commonly used for metal roof trusses are the trian¬ 
gular truss, Fig. 26, and the arch truss; the triangular truss being used for 
short spans, and the arch truss for long spans. See ^ 255, etc., and 
Fig. 75. 

253. In roof trusses of short span, carrying light loads, the minimum 
sections prescribed in bridge specifications will often suffice for all the mem¬ 
bers. The connections are made by means of rivets and flat plates, some¬ 
what as shown in Fig. 74. 
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254. In designing such trusses, no matter how light the stresses, care 
should be taken to avoid eccentric loadings, which are apt to occur where the 
members are not repeated symmetrically on both sides of the flat plates. 

255. Train-shed Roof, Broad Street Station, Pennsylvania 
Railroad, Philadelphia. Figs. 75 (a} to (/). Built 1893 by Pencoyd 
Bridge and Construction Co., erected by Railroad Co. Span, 300' 8"; rise. 
108' 6"; length, 589' 2\". Twenty trusses, arranged in 10 pairs, 2 pairs 
shown in Fig. (c). 

256. Each truss consists of two arched rafters, A B and B C, and a hori¬ 
zontal chord, A C, with three pin joints, A, B and (;, Fig («). 

Each rafter is composed of two chords, 14 radial braces and 26 diagonals. 
For the sake of appearance, the chords are extended across the top panels, 
occupied by the two triangular ajiex members, and are there connected by 
a sliding joint. 

257. The horizontal chord AC, Fig. (a), lies below the floor of the 
train-shed, and is suspended, at intervals, from girders which support that 
floor and which are carried by iron columns in the lower story. 

258. End bearings. One foot of each truss rests upon a fixed shoe, bolted 
down to the pier; the other on a nest of 11 steel rollers. 

259. At each end of the roof, a horizontal wind truss. WW, Fig. (a), is 
suspended from the rafters, its ends resting upou brackets riveted to their 
lower chords. 
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200. Between these horizontal wind trusses and the rafters, and just be¬ 
hind the glass curtain closing each end of the roof, are placed vertical 
wind trusses (not shown), with horizontal and diagonal bracing, in planes 
normal to the main trusses. These vertical trusses are hung from the 
lower panel points of the rafters, Fig. (a). They resist the wind pressure on 
the curtain, and transmit it, through the horizontal wind trusses, to the 
lower chords of the rafters. 

261. Two rafters, AB and BC, Fig. (a), of one truss, together weigh 
138.000 lbs.; chord (two lines of eye-bars) 16,000, total 11*4,000 lbs. One 
pair of trusses, 308,000. Framework of entire train-shed, including trusses, 
purlins, rafters and wind bracing, about 7,000,000 tbs. 



Haunch Elevation 

(b) ± 


- 300 8- 

SctUe for Figs. lto6 
too 300 


262. Assumed extraneous loads, in lbs. per so. ft. of ground plan: rafters 
9 5; laterals and purlins, 7.5; ventilator and skylight framing, 9.5; covering 
and skylights, 15; snow, 17; wind, 35. 

263. The traveler, Figs, (a) and (/), was of timber, and was so designed as 
to permit the use of the old train-sheds while the new roof was being erected. 

264. The top section, from apex to joint 9, Figs, (a) and (c), was riveted 
up at mill and placed in position as a whole, as was also the foot section from 
joint 27 to the top of the triangular foot. The remainder was riveted on the 
traveler. To erect one pair of trusses, with the purlins, etc., connecting it 
with the pair last erected, required about 10 days. Shifting the traveler 
through a distance about equal to its own length, to receive the next pair of 
trusses, required about 3 minutes, and was done by means of the engines used 
for hoisting. 
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865. Dimensions of Arched Roofs of Large Span, 



Arches. 

1 

j Roof. 


Span. 

Rise. 

j Length. 

Area 

Covered. 

Train-sheds. 

ft. ins. i 

ft. ins. 

j ft. ins. 

eq. ft. 

Pennsylvania Railroad, 



i 


Philadelphia. Broad 

Street Station. 

300 8 

108 G 

589 2 

177,1.50 

Pennsylvania Railroad, i 



Jersey City. 

Phila. & Reading Railroad, ; 
Philadelphia. ‘‘Reading 
Terminal.” Market St.,.. 

252 8 

90 0 

652 6 

164,900 

251. 0 

88 3 

506 8 

131,250 

New York Central & H. R. 




R. R., New York. Grand 

199 9. 

94 0 

• 652 0 

1 : 

129,856 

Midland Railway, London. 



St Pancras Station,... . 

240 0 

107 0 

TOO 0 

169,400 

Cologne, Germany. Nave, 

209 7 

78 8 

831! 0 

175,200 

Exposition Buildings. 1 

Machinery Hall, Paris, 

1889. Nave. 

Manufactures and Liberal 

362 9 

149 0 

! ! 

1,380 0 

1 

500,600 

Arts Building, Chicago, j 

1893. ! 

1 

368 0 

206 0 

i : 

j 1,268 0 j 

466,600 


Timber Roof Trusses. 

286. Dimensions for small timber roof trusses, Figs. 43 to 47, 
*!Hi 148, etc., of white pine. Span - 4 X rise. Combined weight of trusses, 
roof and load, including snow and an allowance for wind, 40 lbs. per square 
foot of roof surface. Trusses 12 feet apart, center to center. Safety factor 
— 3; b ~ breadth; d - depth. For Fig. 46. struts 4 5 X 4.5 ins. would 
suffice; but, for practical reasons, the struts are generally made as wide a? 
the rafters. For Fig. 47, the straining beam is 12X 12 ins. For Figs. 46, 
46 and 47, two sets of dimensions are given; the first for chord unloaded; the 
woond for chord loaded with 100 lbs. per square foot. 







1 Chord. 






Rafters. 
Ins. i 




King or 









Fi*. 

V 

Rise. 

Ft. 

Timber. 


i Queen 

I Rod. 

Chord. 







Ins. 

t Ins. 
Diam. ! 










Diam. 





1 b> ' 

A. ! 

b. 

I d. 




43 

30 , 

7.5 
7.5 { 

i 5 

10 

5 

10 

i 


unloaded 

45 j 


! 6.5 

9 : 

6.5 

9 

1 

i 



! 8.5 

11 

8.5 

11 

u 

loaded 

46 

40 

10 { 

6 

8 

6 j 

8 

1.6 

i 

unloaded 

8 

10 

8 

15 


2 

loaded 

47 ' 

| 60 ' 

| 15 { 

10 

i 12 

10 1 

i 12 

1.5 

i 

unloaded 


> 14 ■ 

12 

12 

i .. 

1 * 

[loaded 

— 









1 
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TRANSPORTATION AND ERECTION. 

267. Girders should be loaded for transportation on flat cars, with web 
vertical, and with bearings at the points distant i span from the ends. Where 
too long for two cars, one or more idle spacing cars are used and the points 
ot support are pivoted. 

268. (ilrders may be erected by means of gin poles, derricks, gallows, 
etc., or they may be skidded from the cars and lowered to place by jacks and 
blocking. Gin poles should have at least four guys, with tackles, for easy 
adjustment. Hoisting may often be done by means of a locomotive running 
on the tracks of that part of the structure which is already completed. 
Ropes arc used at about i their ultimate strength. 

269. Viaducts are usually built from above, by means of an overhead 
projecting traveler. Sometimes by means of a cableway; but this method is 
-.low In some cases the tra trelmg tower is on tin* ground, and reaches to the 
top of the viaduct Or, the viaduct may be erected by means of false-work, 
or from an existing structure. 

270. Long span bridges are usually built upon a platform of (jdse- 
work or on a row of trestle bents, well braced. 

271. Erection. Upon the false-works the lower chords are first laid, 
as nearly level «is may be. The upper chords are then raised upon temporary 
-supports which foot upon the one that carries the lower chord. The uppei 
choids are first placed a few inches higher than their inteuded positions, in 
eider that the web members may readily be slipped into place. When the 
web members arc in place, the upi>er chords are gradually lowered until all 
rests upon the lower chords. The screws are then gradually tightened, to 
bring all the surfaces of the joints into their proper contact; and by this 
operation (the upper chord members having the necessary excels of length), 
the camber is formed, and the lower chords are lifted clear of the false¬ 
works; the truss now resting only upon its permanent sup|M>rts. 

272. False-work is ordinarily constructed of hemlock or pine, costing 
about $20 per 1000 ft. board measure. Allow about $15 per 1000 ft. B. M. for 
framing, etc. $5 to $15 per 1000 ft. B. M. may usually be obtained for old 
material (“salvage”). 

The main members are usually 12X12 ins., and the diagonals 3 X 12. 
Bolts, i inch. Owing to the temporary nature of false-work and to the sal¬ 
vage which may be obtained for it if it is not too badly cut up, it is advisable 
to use plenty of material of good standard sizes, especially in longitudinal 
bracing, which may be placed between alternate pairs of bents, forming 
towers. 

273. In soft bottoms, the false-work may rest upon piles, to which 
the uprights of the false-work may be notched and bolted, or banded. Not 
less than 4 piles per bent should be used. As many as 24 have been used. 
Piles should be braced below water-mark. Bents should be built in stories 
of from 12 to 30 feet each. Connections should be made by means of side 
pieces or fish-plates. 

274. With rock bottom, in a strong current, it may be expedient to 
sink cribs filled with stone, as a foundation for the falso-work. 

275. The ereetion of cantilevers and suspension bridges requires 
much time; but their use is often necessitated by the impossibility of erecting 
false-work. 

276. Renewal of bridges may be accomplished by displacement; either 
by protrusion, where the new span is skidded longitudinally along the track; 
by transverse displacement, where both old and new spans are placed on 
tracks running normally to the bridge; by vertical displacement, either ris¬ 
ing or descending; or by pivotal displacement, the old span swinging out 
about a pivot, and the new sp.>n swinging into place about another pivot. 

277. Cautions. In erection and renewal, consider dead weight of 
bridge, effect of impact of current of stream, impact of boats, ice, drift, etc^ 
especially when floods are to be apprehended, and strains of hoisting tackle 
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For rigidity, a liberal safety factor must be used. Drift may pile up and 
form a dam. Trestle bents, in the water, increase the velocity and scour 
of the current, and may thus cause undermining. False-work may be pro¬ 
tected against drift by fender piles. Provide against eccentricities of wind 
stress. Numerous accidents have shown the expediency of guarding the 
unfinished truss itself against high winds. All lateral and other wind 
bracing should be in place, and secured, before the false-works are re¬ 
moved and the trusses allowed to rest upon their final bearings. 

Avoid dropping tools, etc. Even very small pieces, falling from a great 
height, are dangerous to life and even to the bridge. Hooks in tackles are 
liable to break or to pull out. Travelers should be well guyed and clamped, 
and carefully watched. . 
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DIGESTS OF SPECIFICATIONS FOR BRIDGES 
AND BUILDINGS. 

(1) Steel railroad, highway and electric railroad bridges. 

(2) Combination (wood and Bteel) railroad bridges. 

(3) Steel roof trusses, framework and buildings. 

The following Digests of Specifications for Bridges and Buildings are in¬ 
tended primarily to give a general view of the essential features of current 
practice in Huch matters, and only secondarily to indicate the practice of 
any particular company. 


(1) DIGEST OF SPECIFICATIONS FOR STEEL RAILROAD 
AND HIGHWAY BRIDGES. 

List of Specifications Used. 


A, American Bridge Company. 

General Specifications for Steel Railroad Bridges, 1900. 

Aa, American Bridge Company, 

General Specifications for Steel Highway Bridges, 1901. 

B, Baltimore & Ohio Railroad Company, 

General Specifications for Railroad and Highway Bridges, Roofs, 
and Steel Buildings, 1901. 

C, Cooper, Theodore —, . 

General Specifications for Steel Railroad Bridges and Viaducts, 
1901. 

Cc* Cooper, Theodore —, . 

General Specifications for Steel Highway and Electric Railway 
Bridges and Viaducts, 1901. 

D, Delaware, Lackawanna & Western R. R. Company, 

Specifications for Steel Railroad Bridges, October, 1899; revised 
to July, 1900. 

E, Erie Railroad Company, 

General Specifications for Bridges, 1900. 

G, General practice 

Oo, Osborn Engineering Company, 

General Specifications for Highway Bridge Superstructures, 1901. 
P, Pennsylvania Railroad Company, 

Standard Specifications for Steel Bridges, January 1, 1901. 

R, Philadelphia & Reading Railway Company, 

Specifications for Steel Bridges, 1898; revised February, 1901. 

Y, New York Central Sc Hudson River 11 R. Leased and Operated Lines, 
General Specifications for Steel Bridges, 1900. 


I. GENERAL DESIGN. 
Limiting Spans for Different Types. 


Beams and Girders. 

A 

Aa 

B 

C 

Cc 

D 

Y 


ft 

ft 

ft 

ft 

ft 

ft 

ft 

Rolled beams, solid 

floor, etc. 

up to 

up to 

up to 

up to 

up to 

up to 
20 

up to 


20 

40 

20 

20 

40 

25 

Plate girders, . 

20 to 

25 to 

20 to 

20 to 

20 to 

20 to 

25 to 

100 

80 

100 

120 

80 

100 

100 

Trusses. 

Riveted trusses,* .... 

, 100 to 

40 A 

100 to 

75 to 

40 & 

90 to 

I0u to 


140 

over 

120 

150 

over 

160 

200 

Pin trusses. 

, over 

over 

over 

over 

over 

150 & 

200 & 


140 

140 

120 

120 

120 

over 

over 

Riveted trusses,* under 100 ft; pin trusses, over 100 ft, Oo. 
Depth of truss, min, =* one-eighth of span, Oo. 



♦Unfortunately called "lattice girders/’ Aj "lattice trusses” and 
riveted lattice girders,” Ct “ riveted lattice trusses,” D, Y. 
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A., Aa, Am B Co; B, B & 0; C, Cc, Cooper; D,DL & W; E, Erie} 

Classification of Highway and Electric Railroad Bridges. 

Aa Cc 

f Al* City bridges having buckle-plate floors, and paving on concrete 
A < base. 

(A2* City bridges having plank flooring. 

B B* Suburban or mterurban bridges for heavy electric cars.' 

C C Town or country bridges io r light electric cars or heavy loads 

D D Country bridges for ordinary highway traffic. 

El El Bridges for heavy electric or motor cars only. 

E2 E2 “ " light * 

Camber. 

Top chord panels longer than lower chord panels by one-eighth of an inch 
in 10 ft - 1 in 960, A, B, C, E, R, Y. 

Highway bridges, three-sixteenths of an inch to every 10 ft, Cc. 

About three-fourths of an inch in 100 ft =* 1 in 1600, D. 

Sufficient to bring joints of compression chord to a square bearing when 
truss is fully loaded. Each member built longer or shorter in proportion to 
the stress to which it is subject under a full dead and a full live load, so that 
under full loading it will have its normal length, Oo. 

Cross Section of Bridge. 

Gage, usually, 4 ft 8£ ins. Distance, cen to cen of tracks, 12 to 13 ft. 

Width between trusses or girders in deck spans. Pin spans, min, 
0.05 span. Riveted trusses (D), 10 ft. Plate girdeis (G), 5 to7 ft. Spans 
not over 60 ft, 7 ft; 60 to 100 ft, 8 ft; over 100 ft. about one-twelfth of 
span, D. Plate girders (Y), over 60 ft, in proportion to height. 

Clearance in through spans, on tangents, G. 
a 3 to 3$ ft 
b 7 ft 
c 5 to 5} ft 
d 4 to 6 ft 
e 10 to 14 ft 
f 1 to 5 ft 
h 20 to 22 ft 

Minimum Clearance on Curves. 

Same min clearance an on tangents, A f Ditto for car 74 ft long, 48 ft cen 
to cen of trucks, 10 ft wide. B; Ditto for car 75 ft long, 54 ft cen to cen of 
trucks. Additional clearance ~ 0 8d ins on each side; ■= 1 6d ins between 
tracks; where d = degree of curvat ure ** central angle, subtended bv a chord 
of 100 ft, C; increase lateral clearance at top of ear 2.5 ins for each inch of 
superelevation of outer rail, C. Cen line of bridge bisects middle ordinate 
and is parallel to chord, Y. 

Highway Bridges. Headway. 14 ft, Oo. For classes A, B, C, and 
E. min =» 15 ft, Aa, Cc; for a width of 6 ft over each track, Aa. For 
Class D, 12.5 ft, Aa, Cc. Horizontal clearance. Min 14 ins greater 
than width of roadway between wheel guards, Aa. For electric cars, 6 5 ft 
from cen of track, Aa; 7 ft, Cc. On curves, provide for a car of 45 ft extreme 
length, 8 ft wide, 20 ft between truck centers, Aa. Width between centers 
rf trusses, min - 0.05 span, G. 

Tension Members. 

In general, hip verticals and one or two panels of lower chord at each end 
of span are required to be of rigid section, so as to resist both tension and 
compression. 

Angles, used as tension members, must be fastened by both legs, C, Dl 
or the section of one leg only will be considered effective, C. 

Adjustment. 

Avoid adjustable members, A, A a, D (P except in counters). Avoid 

* Ce, Clawes A and B shall be designed to carry, at any future time. » 
double track electric railway. 
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adjustable counters, C, Counter rods and ties in pm spans adjustable, Y; 
screw ends upset, C, K, Y, screw threads U. S. Standard, C, Cc, D, E ; diam¬ 
eter, at base of thread greater than in body of bar by one-sixteenth of an inch, 
D; about 10 per cent, Y: 17 per cent, Oo. 

Rods with welded heads must be of wrought iron, Oo. Loops must de¬ 
velop full Btrcngth of bar, Oo. 


Compression Members. 

End posts and upper chords have 2 webs, a cover plate on top flange, 
batten or tie nlate, and lacing on bottom flange, G 

Not more than one plate, and that not thicker than one-half of an inch 
(in highway bridges three-eighths of an inch), shall in general be used as a 
cover plate, C, Cc. Cover plate must not extend more than 4 ins beyond 
outer row of rivets, D. 

Joints between sections spliced on all sides with at least 2 rows of 
•losely pitched rivets on each side of joint, C. Abutting surfaces faced A 
(D,P, except in top flanges of girders), E, R, Y. No reliance on abutting 
surfaces, E. 

Lattice Bars. 

Width, from 1.5 to 2 5 ins Thickness, in single lattice, one-fortieth, 
distance between rivets, in double lattice, one-sixtieth, G. If over seven- 
sixteenths of an inch, use angles, Oo. Angle with axis of member; in single 
lattice 60°, double 45°, G. 

Pitch width of channel + 9 ins, C\ Cc; V X least width of segment. P, R. 

Double lattice bars riveted together at their intersections, C, D. 

Ratten Plates. (Tie Plates, Stay Plates ) Min length generally = from 
0.75 to 1 5 X its own width. Min width, 9 ins, or 0 66 X own length, or *» 
least width of member, Oo. Min thickness = three-eighths of an inch or one- 
fiftiet h to one-sixtieth of distance between centers of rivets, G. Rivet spac¬ 
ing (D) max 4 ins cens. 

Pin Joints. 

Eye Bars. Thickness, min, 0 625 inch, or 0.2 X width of bar, Oo. 
Heads upset, rolled or forged, A, R. No welds allowed A, D, except (R) to 
form loops of km rals, counters or sway rods, R. Upset and die-forged, Y. 
Heads not more than one-sixteenth of an inch thicker than body, D, P. 
Bars annealed, G ; before boring, I). No forge work after boring, R. Bars 
to be placed side by side must be bored at the same temperature, A, Aa, Y. 
Pins must pass through without driving Eye bars working together must 
be clamped logether, and bored at one operation, Oo. 

Distance between pin-holes max variation, one sixty-fourth to one thirty- 
second of an inch; or one sixty-fourth of an inch in from 20 to 25 ft, G. 

Built Tension Members. Net section through pin hole «= 1.25 to 1.50 
X net section through body of member Net section back of pin hole ■= 
0.75 X net. section through pin hole, or » 0 80 to 1 00 X net section through 
body of member, G j proportion for double shear on section from back of pin 
to end of plate, Oo ; length of plate back of pin, min, 2 5 ins, Oo. Distance, 
back of eve to back of member, greater than radius of pin, Y. 

Pin Holes. Clearance between pin and hole, from one-fiftieth to one 
thirty-second of an inch, G. 

Pin Plates or Reinforcing Plates. At least one plate on each side 
must extend not less than 6 ins beyond edge of batten plate, G. 

Pins. Up to 7 ins diam, rolled, P; over 7 ins, forged, C. 

Diameter, min, from 0.66 X to 0.85 X largest dimension of any of its eye 
bars, G. 

Plate Girders. 

Min depth; about one-ninth to one-twelfth of span, G. 

Proportions of Web and Flange. Bending moments resisted entirely 
by the flanges, shear resisted entirely by the web plate, C, Cc, Rj except 
when the web is made in one length or is fully spliced to resist the bending 
stresses, in which case one-sixth of area of cross section of web plate may be 
considered effective as flange area, Oo. 
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One-eighth of gross area of web included in flange, A, Aa, B; if length — 
90 ft or over, Ex if length is less than 50 ft, only the cover plale and the 
horizontal legs of the flange angles are to be included in the flange area, E, 
no part of web included in flange, C, Cc, D, P, R, Y. 

Web. Thickness, min, three-eighths of an inch, G; in highway bridge! 
(Cc, Oo), five-sixteenths of an inch. 

Total shear, acting on side next to abutment, to be taken as transferred 
into flange angles within distance =* depth of girder, A, Aa, B, E, Oo, P. 

Web Splices. A plate on each side of web, O; at least three-eighths 
inch thick, A, B, at least five-sixteenths inch, or three-fourths as thick as 
web, and wide enough for 2 rows of rivets on each side of splice, Oo. 

Stiffeners. Generally required at ends and at points of concentrated 
load. Intermediate stiffeners required usually when unsupported distance 
between flange angles exceeds 50 to 60 X web thickness; when shear ex¬ 
ceeds 10,000 — 75 X , C; in highway bridges when shear exceeds 

thickness 

12,500 — 90 X , ( ? e i P -^ , Cc; when shear exceeds S where t =» 

thickness . , d*__ 

3.000 t 2 

web thickness, d - distance between flanges, Oo. 

Spacing usually — depth, or = 5 or 6 ft. 

Unit stress, max, 10,000 — 45 j, C; in highway bridges, 12,000 — 55 ", 
where I — length of stiffener, r *= its least radius of gyration, Cc. 

Dimensions of angles usually 3$ X 3 X ft to 5 X 3J X 8- 

Flanges. 

Unbraced length of flange (compression flange, C, P) max 12 X widtl 
B, P, R, Y: 16 X width, A, C. Cc: 20 X width, D$ in highway bridge! 
— 20 X width, Aa, = 25 X width, Oo. 

Comp, flange has same gross area as tension flange, A, A a, B,C,Cc,Oo r P. 

Cover plates must not extend more than 5 ins, or 8 >. thickness of first 
plate, beyond outer line of rivets. A, Aa, C. Cc. If of unequal thickness, the 
heaviest plates are next the angles, and the lightest outside. A, Aa, B, C, 
Cc, Y. One must extend full length of girder, B, E. Others must be long 
enough to take 2 extra rows of rivets at each end, C, P. 

Bracing:, Riveting;, Bearing*. See Bracing, Riveted Joints, and 
Bearings, below. 

Beam Girders. 

Beams in groups of 2, 3 or 4 for each rail, 10-inch channel separators, about 
3 ft apart, riveted to webs, B. 

Bracing. 

Composed of rigid members, riveted. A, Aa, C, Cc, Y; members inter 
sect each other, and other members to which they are connected, on common 
center lines, passing through all centers of gravity. Attachments riveted 
symmetrically in alldirections, Y. 

For Beam Girders. Ten-inch channel strut at each end; with 2 or 3 
beams, angle bracing between girders; with 4 beams, angle struts about 6 ft 
apart. Connections to have at least 3 rivets, B. 

Lateral. 

B, in through spans. Top bracing; portal struts at ends; intermediate 
struts as deep as the chords; single angles, 3$ X 3J X I, intersecting in each 
panel, for single track; double angles, latticed, for double track. 

B, in through spans, bottom bracing; end bottom strut and intermediate 
angles, riveted to each other and to stringers at each intersection Not less 
than 4 rivets at each intersection and at each end connection. 

B, in deck bridges, complete upper and lower systems at each panel. 

Oo, bottom end struts in all spans, whether deck or through 

Y, top and bottom lateral bracing in all deck bridges and in all through 
bridges having sufficient head room. Lower lateral bracing in all through 
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A1 and A2, of steel; Classes B, C, and E, track stlingers of steel; Class I), of 
wood or steel, Cc. In railroad bridges, and preferably in highway bridges, 
riveted to webs of floor beams and supported by their flanges or by'brackets, 
B, R. Value of this bearing neglected in determining number of rivets 
required, R. 

Spacing, cen to cen, 6 ft, 6 ins, A, B, C, 1), Y; 5 ft, E{ double track, 
through, generally 6 ft, R; single track. 8 ft, R. 

Trough Floors. Troughs rectangular, built of plates and angles, and 
riveted to main girders or trusses by angles, and, w hempracticable, by bracket 
angles under the lower horizontal plates Gusset plates riveted to girders 
and troughs at distances of not over 8 ft, Y. 

Bottom filled with a binder composed of 1 cu ft of clean, sharp gravel, 
screened to one-fourth of an inch, to H gallons of No. 4 asphalt paving com¬ 
position or enough to fill voids. Gravel first heated to 300° F and the whole 
mixed at that temperature, Y. 

Wooden Floor. Continued over abutments A, B, C, R. 

Ties or Floor Beams. Long leaf yellow pine or white oak, G. 

Width, 8 ins, A, B; 9 ins R. 

Depth, 8 ins, for 7 ft span of tie, to 14 ins for 12 ft. B; 12 ins, R; 10 ins, Y. 

Notched down one-half of an inch; max 1$ ins, B. 

Spacing. Usually 6 ins clear; 16 ins cen to cen, K. Every 3d, 4th, or 
5th tie fastened to stringer by f inch bolt or lag screw, G. 

Wooden Joists in Highway Bridges. Width, min 3 ins or 0 25 X 
depth; spacing, max, 2 to 2 5 ft Ends of joists lap past eash other at bear¬ 
ings on floor beams, with 0 5 inch space between them for circulation of air. 

Wooden Floor Beams for Electric Railroad Bridges, Classes El 
and E2 Min 6X6 ins, spacing max 6 ins, notched daw* ane-lialf of an inch 
and secured to girders by three-fourths-inch bolts not more than <> ft apart. 
From center of span toward end, so notched (Cc) as to reduce camber. 

Guard Rails. 6 X8 ins, yellow' or white pi*e, G. Inner face not less than 
3 ft 3 ins from center of track, A; 3 ft 7$ ins, B; 5 ft 4 ins, Yj 7 ft 1$ ins 
apart, clear, R. Notched } to 1$ ins over ties, G. Fastened to every 
3d or 4th tie (to each tie, R) and at splices by three-fourth-inch bolt or lag 
screw, G. Splices over floor timbers, with half-and-half joints of 6 ins lap, G. 

Wheel Guards and Curbs In Highway Bridges. Wheel guards 
6X4 ins, blocked up from floor plank hy blocks 2X6 ins, 12 ins long, not 
more than 5 ft apart, bolted to stringers through blocking pieces, three- 
fourths-inch bolts. G. In electric railroad bridges (Cc, Class E) guard 
timbers min 5X7 ins, notched 1 inch over floor timber and secured by three- 
fourths-inch bolt to every third floor timber and at each splice. 

Buckle Plates. Min five-sixteenths of an inch thick for roadway, one- 
fourth of an inch for footwalk, crown 2 inB, for widths of 4 ft under roadway, 
5 ft under footwalks. Preferably in continuous sheets of panel lengths. 
May be pressed or formed without heating. 


Bearings on Abutments and Piers. 

Permissible load on masonry foundations, max. inmnds j»er sq inch. 
400, A, A a, P; 300. Bj 250, C, Cc, D, E, R; dead load, 500; live load, 
250, Y. 

Bed Plates. Of medium steel, C, Cc. Min thickness, three-fourth* to 
1 inch; in highway bridges, one-half of an inch. Max fiber stress 12,000 lbs 
per sq inch, K. 

Where ends of two spans rest on one pier, spans are tied together, or have 
bed plate, three-eighths to three-fourths of arf inch thick, continuous under 
both, G. 

Sheet lead, one-eighth to one-fourth of an inch thick, between bed plate 
and masonry. G. 

Anchor bolts, 1 to 1 25 ins diam, 9 to 12 ins in masonry. G; fastened with 
sulphur, R; with cement, C, Cc, Y. 

Pedestals. Of riveted plates and angles, C; or Cast steel, Y. Base 
plate and connecting angles, min three-fourths to »even-«*ghths of an inch 
thick, B, C, Y. 2 rows of rivets in vertical legs, C, Y. 
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Expansion Bearings. Provide for temperature range of 150 Q P. A, C' t 
E, P, R; for expansion of 1 inch in 100 ft, I), Y. 

One end sliding, usually in spans less than 00 to 90 ft, G. 

One end on fnction rollers, usually in longer spans, G; in all trusses, Y. 
Hinged bolster at each end, in spans from 80 to 100 ft, G. 

Rollers rest on bars 3X1 inch, spaced 2 ins and riveted to bed plate, B. 
Free ends anchored against lifting and against moving sideways, C. Y. 

Rollers. Of machinery steel, (\ Cc. Min diam, 3 to 4 ms, A, B, I), E, P, 
It; 3 ins up to 100 ft span, 1 inch for each additional 100 ft, C, Y. Max 
pressure on rollers, in lbs |mm linear inch, 700 9 d, R; 1200 I'd, A, B, Pj 
300 d, C, D, E; 000 d, Oo; d j 1 oiler diam, ins. Length, ins, — 900 yd, Y. 


II. MATERIAL. 

Rolled and Cast Steel and Iron. 

Rolled steel in superstructures in general. 

Cast steel in bed plates in special eases, in n.aehinery of movable bridges. 

Rolled Iron in loop-welded rods, P; in laterals and unimportant mem¬ 
bers, R. 

Cast iron In bed plates in special cases and in machinery of movable 
bridges. 

Rolled Steel, Grades. 

Soft. In general, in all p: incipal parts. 

Medium. In pins, fiietion rollers, lateral bolts bearing plates, eye-bars, 
sliding plates ami bed plates; permissibly (C) in compression in chords, 
posts, and pedestal" 

Rivet. In rivets. 

Machinery. In expansion rollcis, C. 


Rolled Steel. Manufacture. 

(See also Digest of Specifications of Intcrnat’l Ass’n for Testing Materials.) 
All to be made by ofien-hearth process. # 

Slabs for rolling plates are hummci ed or rolled fiom ingots of at least twice 
their cross-section, A. II. . , _ , , 

Plates up to 36 ins wide rolled m universal mill, D, R; or have edges 


planed, 1 >. 

Rolled Steel. Manipulation. 

Annealing. Eye-bars heated to uniform dark red and allowed to cool 
slowly, I*; members worked at blue heat are heated to a uniform bright red 
(not exposed to direct flame) and allowed to cool slowlv, B. ' 

Steel must not be welded, B. No reliance upon welded steel, C. 

No work put upon "feel at or near blue heat, or between boiling-point and 
point of ignition of hardwood sawdust, C. 


Rolled Steel. Shop Work. 

Sheared edges of steel thicker than five-eighths inch shall be planed, B. 

All sheared edges (m medium steel, 1)1 shall be planed off to a depth of 
0.25 inch, D, Y; except web plates of girders over 36 ins deep w T hen covered 
by flange plates, and tiller-, where sheared edges are not seen. D. Grinding 
not accepted as equivalent of planing, except for lattice bars, Y. 

No sharp or unfilleted re-entrant corners permitted, D. Y. Where a 
plate, angle or shape has been rut into, the fillet, as well as the cut, must be 
finished with sharp cutting tool, or with chisel and file, so that no sign of the 
punched or sheared edge remains, D. 

Angles or bent plates, used as end connections on girders, floor beams or 
stringers, must, be accurately fitted, so that when the member is nulled to 
length not more than one-sixteenth of an inch will lie taken off these connec¬ 
tions at their roots, D. 

Material bent by punching must be straightened before bolting up, R, 
Web plates, if buckled, must be cold-rolled to remove the buckles, D, 

Spliced chord sections must be assembled and strung out in shop in length* 
of not less than three sections, and, after being drawn up into contact at 
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joints aud lined up with splice plates in place, the field rivet holes shall be 
reamed to a ht before t aking apart, and the assembled parts, with their splice 
plates, match-marked, 1>. 

Riveted members must have all parts pinned up and drawn together before 
riveting up, D. 

In cases of skew work, or of complicated connections, or of a large number 
of pieces of one and the same kind, the work shall be set up and fitted to¬ 
gether in the shop, sufficiently to msuie against any misfit, I). 

Abutting surfaces at ends of sections oi compression mernbeis, and ends 
of members to be framed togethci, aie usually icquireu to be faced. 


Rolled Steel. Requirements. 

See also Digest of Specifications of International Association for Testing 
Materials. 


TFNSILE TESTS. 


Specimens of Medium, Soft and Rivet Steel. For tests of full size eye-bars 
see below. 

Ultimate Strength, u, and Elastic Limit, el, in thousands of lbs j#*i so 
Inch. Elongation, s (stretch), and reduction of area, a, m j>ercentagcs ot 
Original dimensions. Elongation measured in a length of 8 ins 



Medium or 

Soft 


•' Pin ” Steel. 




U 

el i s 1 a 

u 


A, Aa .. 

60-70 

0.5 u 22,.. 

52-62 


B ... 


1.. .. 

58-63 


C, Cc ... 

60H38 

05 u 22!.. 

54-621 

D .... 

62-70 

0.5 u 22;.. 

54-62 


E ... 



5tS-«4 


Oo .. 

60-70 

35 22;.. 

62-62 


P .... 

62-70 

33 17 40 

52-62! 

R ... 

60-68 

0.5 u 20 . J 

52-60 

{ 

T .... 

62-70 

0.6 u 25 45 

56-64 



Bridge j jjj vet gtegj 


el 


s ! a ! u ! 

el 

1 8 1 

a 

0.5 

u 

125!.. 48-58 

0.5 u 

126, 


30 


i25j.. 51-56 

27 

]26: 


0.5 

u 

'25 .. 50-58 

0.5 u 

20 


0.5 

u 

26,.. 48-56 

0.5 u 

28' 


0.58 

u 

!27i45 .. j 


i • 


32 


|25'..; 50-601 

30 

‘26 


28 


[25.50 1 48-56j 

28 

28 

56 

0.5 

28 

1 

25:..' 48-56; 

28 

128 1 


0.6 

u 

26^50 48-56' 


! 28 

55 


I l 


Specimens from metal over five-eighths of an inch thick, el — 0.56 u, Y. 

“ “ eye-bars, same requirements as for medium steel, D. 

“ “ “ u « 63, B. 

••*••• over 1 .5 ins thick, deduct from el 1 for each one- 
eighth of an inch; el, min *= 20, C. 

" “ " and pins u 62-70, 1 ■ 0.6 u, s - 25, a — 

45. Y. 

** *' pins, s »= 15, C, Cc. 

“ ** '* (medium, soft or rivet) s, 5 per cent less, A. 

* “ “ (soft) ft — 20, B. 

" “ “ and rollers, s =* 10. 1). 

* ** rollers and bearing plates, u ■= 70-78. s ~ 22, Y. 


BENDING TESTS. 

In medium steel, specimen to bend through an angle of 180° around a bar 
ert dv&m » 1 to Li X thickness of specimen, without showing fracture on 
outside of bend; in soft and rivet steel, to bend fiat upon itself. 

NICKING THSr. 

When nicked and bent around a bar of diarn =« thickness of rod, rivet 
teel shall show a gradual break and a fine, silky, homogeneous fracture, I). 


MR1PTINO TEST. 

Center of hole as in ordinary practice, or 1.5 to 1 87 in-* or 2 diams iron 
dge of plate; enlarge to 1.25 to 1.50 diam, (1. 
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ANGLE TE8T. 

Ancle- of all thicknesses must open flat. Angles not over one-half of an 
inch thick must bend shut, cold, under hammer blows without sign of frac¬ 
ture, If. 

TEST PIECES. 

Minimum section, usually one-half sq inch. Length, min, 8 to 12 ins 
lests are usually required for each melt or blow. 


TESTS OF FULL SIZE EVE-UAltS. 


Ultimate lbs per 
sq inch 
min 


A i Aa . • > 

B . 

C, Cc ... 

) 5,000 less than ) 

• (.'•mall specimen /. 

.. 55.000 .. 

.. 56,000 . 

5X.000 .: 


Oo . 

, . . 55,000 . 

P. 

... 48,000 .: 


( 58.000 * l 

R . 

..A 5«.000 t /. 


( 48 000 % . 

T . 

.... 58.000 . 


Elastic limit lbs per 
sq inch 
min 


Elongation per cent 
min 


n b j 12 between necks 3 

0 5 ult .110 between necks fl 

.10 between necks 


.15 


f 13 between necks 


27,000.15 between necks 

33,000.10 in 20 ft 


In general not over 4 per cent of total number of bars m bridge will be 
tested. R; at least 4 per cent, and not less than 3 bats, If. 

75 per cent of fracture must be silky, the remainder fine granular, R. 

Break in head shall not be cause for rejection— . 

fa) if bar develops 10 per cent elongation (12.5 per cent in 15 ft, Oo) and 
the required ultimate strength (ultimate 56,000, C, 55,000, Oo) and if not 
more than one-third of all the bars tested break m the head, A, C, Oo. 

(b) if bar stretches 14 per cent and if a second bar breaks m body and the 
average stretch of the two bars is not less than 16 per cent, P. 

Company pays for bars which meet requirements, less scrap value, G. 


TE8TB OF COMPLETED STRUCTURE. 

Specified loads, or iheir emiivalenl. passed over structure (in railroad 
bridges at a speed of not over 60 miles per hour, and brought to a stop at any 
point bv means of air or other brakes) or maximum load rested upon struc¬ 
ture for 1 1 hours. After test, structure must return to its original position 
and mu-t -l.ow no permanent change in any part, C. 

COMPOSITION 

Phosphorus, max nereentage. ^ _ __ 

In acid -toel, 0.06 to 0.08; in basic steel. 0.04 to 0.06; in castings 0.08. 

Sulphur, max percentage, 0.04 to 0.06. 


PKRMIS81IILH VARIATION FROM SPECIFIED CROSS-SECTION 
OR WEIGHT. 


2.5 per cent, G, except in extra wide plates, P, Oo, P. . 

In plates over 40 ins wide, in proportion to width, up to 5 per cent in plates 
00 ins or wider, D. 


1.5 per cent; where plates 36 Ins and wider form 40 per cent of total, 2 per 
cent in excess, Y. 

Long plates, 4 inch out of line in 20 ft, 4 inch in 40 ft. R. 

Shapes or plates, 3 per cent short in thickness; plates 80 ins wide, 5 per 
oent, R. 


* t Medium steel. * Bars not over 10 sq ins. t20sqins. Proportions! 
values for intermediate areas. } Soft steel. 3 In bars not longer than 90 
ft between necks. Q In bars longer than 20 ft between necks. \ Max- 16. 


























754 trusses. 

A, Aa, Am B Oo B, B & O; C, Cc, Cooper; 0, D L & W; E, Erie 


Steel Castings. 

Manufacture. Open hearth, A, Aa, D, P, Y; acid, 1 ; annealed, P 
R, Y. Carbon, per cent, 0 25 to 0.40, <*. 

Phosphorus, per cent, max, 0.08, B, Y. 


TENSILE TESTS. 


| 

c . . | Ultimate 

Size of strength, 

test piece, ^ per sq 

in8, j inch, min. 

Elastic 
limit, 
lbs per sq 
inch, min. 

Elonga¬ 

tion 

per cent, 
in 2 ins 
min. 

Reduc¬ 
tion 
of area 
per cent 

; 

c, D.E.P.R .. 

Y . 

square 65,000 

or to 

\ round 70,000 

(55,000) 

,3 i ' (*0 i to - 

ff round 165,000 

i f b<,ut b ( 72,000) 

t *™« (b)J to \ 

(80,000) 

i 88,000) 

1 or C 

1 0.5 ult ) 

; 10 to 15 

I 20 

I 

20, P 


0.5 ult 

1 15 

25 


BENDING TEST. 

Y (a), for general purposes, bed plates, pedestals etc , to bend 90°, to a 
radius - diameter of test piece. 

Y (b), for drawbridge rollers, etc. 


Rolled Iron. 

Reauirements in Osborn’. specification for highway bridges, Oo. Made 
from puddled iron or rolled from fagots or piles of No. 1 wroughturon scrap,, 
alone or with muck bar. Tensile strength, min, 48,000 lbs per >q inch (50,- 
000 HP yield point, 25,000 lbs per sq inch (20,000, R); elongation, 20 per 
m8 ,n“ . All weighing!less than 0.654 lb per lineal ft, 15 per cent 
Specimens cut from bar as rolled must bend through an angle of 
succession of light blows, when nicked and bent, hwu re *hMbr *rn rally 
fibrous and free from coarse crystalline spots ; not. o'er 10 Per ce nt >l 
fractured surface shall be granular ; specimens heati^ bright red shall tend 
through on angle of 180° under a succession of light b ows not delivereil 
directly on the bend ; must not show red-short ness. In flat and square 
bar., one-thirty-second of an inch, in round iron 0.01 inch, variation either 
way in size will be allowed, Oo. 


Cast Iron. 

Tough gray iron, A, D,E,»; unless otherwise specified. A.R. ^ 
Transverse strength. Bar I inch square, 12 ins tr* 11 - *”' W? t’ 
center load. Must deflect 0 15 inch before rupture, G. Bar 1 inch . quure, 
4.5 ft Bpan, to bear 500 lbs center load, E, R. 


Phosphor Bronze# 

1 inch cube, under compression, elastic limit, 20,000 lbs. Under 100,000 
Iba, permanent set max one-sixteenth of an inch, B. 


Timber. 

Sap wood not allowed in more than 10 per cent of theX 
end nopiece will be accepted showing sap eovmngmore thanO 25 Xt he 
iddth of the piece on any face at any point, or more than half tho thickness 
of any plttnlt at its edge, at ar.y point, Oo. 
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111. LOADS. 

1. Vertical Loads. 

(Dead and Live Loads and Impact.) 

Dead Loads In Steam Railroad Bridges. 

Dead load - weight of metal + n lbs per lineal ft of track, C, D, E, R, Y. 

, 410 V D E: n - 500. R; n «= 620, Y. 

Timber taken at 4 5 lbn per ft, B M , G. Ballast 110 lbs par on ft C. 
Kails, splices, ami joints taken at 100 lbs per lineal ft of track. A, II, C. 
Kails splices, guard rails, etc , at 160 lbs Jier lineal foot of track, P. 
Two-thirds of dead load assumed to be carried by loaded chord, Y; in 
spans less than 300 ft, B 1 m longer spans calculate distribution, B. 

Dead Loads In Highway and F.lectrlc Railroad Bridges. 

Iron 3 33 lbs per lineal ft of bar 1 sq inch area, Oo. 

Steoi 3 40 “ “ “ “ “ " 1 sq mch area, Oo. 

Timber per ft board measure, 4, Aa; creosoted, 5, Oo; oak, 4 5, Cc, Oo; 
Other hard woods, 4 5, Cc;, yellow pine, 4, Oo; spruce and white pine, 3.5, 
fri white pme and cedar, 3, Oo. . , 

* (’oncrete et' , lbs per cu ft. 130, Aa; stone concrete, 125, Oo; cinder 
concrete 100, Oo. Stone, 150, Oo, granite, 160, Aa. 

Brick, 150, Aa; 125, Oo; sand, 100, Oo. Asphalt. 130, Aa; 90, Oo. 
Hails, fastenings, splices ami guard timbers, 100 lbs per lin ft of track, Aa. 

Live Loads for Steam Railroad Bridges. 

THEODORE COOPER’S STANDARD LOADING. 

The No. (27 to 50) following the letter E (Engine! in the class designation 
the load, d, on one pair of drivers, in thousands of pounds. In each 
class J t. 25 = 4(S + 26 = 10 U. Since tliese ratios are constant for all 
rlasses the stresses, due to any class, are proportional to the class number. 
The weight of metal, in bridges, is, in each class, about 10 per cent greater 
than in the class next lighter. 

Fig. 1. 

TWO CONSOLIDATION LOCOMOTIVES, WITH THEIR TENDERS AND TRAINS. 

Load in tbs. on one pair of wheels Train 

for each track. load. 

Truck N? 3 * Vf r 

(bogie) Driver Tender nn ft. 

E*27 13,500 27 !000 17,560 2,700 

E 30 15,000 30,000 19,500 3,000 

E 35 17,500 35,000 22,750 3,500 

E 40 20,000 40,000 20,000 4.000 

E 50 25,000 50,000 32,500 5,000 

A, Cooper’s loading. * 

B, Cooper’s Class E 50, unless otherwise specified 

C, See above. 

Y, Cooper’s Class E 40. _ , T , , , . 

’ VA TTa TV _JUT_:_,.U_l.tI.. (.nn Pnnnnr'a T /\Orls aa Kal ™ + 



b 

d 

t 

U. 

D 

22,000 

50,000 

28,000 

4,500 

E 

15,000 

35,000 

23,000 

4,000 

P 

21,000 

44,000 

30,000 

5,000 

R 

19,200 

f 43,200) + 

1 48,000 

(24,600) a 

1 27,000 j * 

4,800 


t Driver and tender axles unequally loaded. &. 


IV\ 
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ALTERNATIVE LOADINGS. 

Use Fig. I or the alternative. Fig. 2 or 3, whichever gives the greater .stresses. 


W W 



Fig. 2. 




W w 

9 6 i 


o 


Fig. 3. 


Load on one pair of wheels. 

(d - 6 ft; W - W - 50,000 lbs, Above E 40. 60,000 lbs, C. 

Fig. 2.< d ~ 7 ft; W - W = 65,000 lbs, D. 

Id = 7 ft; W - W - 60,000 lbs; U - 4.500 lbs per lin ft, Y. 

Fig. 3. W - W - 66,000 lbs ; w = w — 30,000 lbs, R. 

Add 30 per oent in figuring floor beams, stringers, hangers, suspenders, 
and other floor connections. Add 0 to 30 per cent for spans from 100 ft 
down to 25 ft, D. 

ON CURVEB. 

Distribution of live load between the two trusses. 

W «= P —* where W - proportion of live load borne by the outer 

truss; P =»* live load at panel considered; m «■ middle ordinate of entire 
curve on span; b «= dist between* of trusses. Make both trusses alike, B, Y. 


sreriAL loadings. 

For rivets connecting upper flange angles with web in deck girders carrying 
the floor directly on tnc top flanges, and in deck span* with wooden floor 
beams, when distance between trusses exceeds 6 ft, 50,000 lbs on one pair of 
drivers, distributed equally over three ties or floor beams, P. 

For floors, the load on a single pair of engine wheels distributed over 4. 
ties, over 3 ties, C. For trough floors, 60,(XX) lbs on one pair of wheels, 
distributed over two troughs, Y. 

THREK-TRims BRIDGES. 

In double-track deck span*, all three truces of equal strength, C. 

In plate girder bridges of more than one track, center girder hgured for 
0.75 X the live load, E. 

FUTURE INCREASE OF LIVE LOADING. 

Only 70 per cent (50 per cent, R) of the dead load shall l>e considered 
effective in counteracting live load stress. A, R. Use 1 5 X live load, E. 


“ That the heavier of these engines (see *<%* under 'Standard leading/ 
above) is close to the possible maximum, considering the limitations of the 
permissible cross-section of^ existing railroads anil the mechanical details of 
design and proportions, is hot improbable That the economical tendency 
toward heavier and heavier engines will in the near future reach the heavier 
class E 50 upon the most important loads is to l»c expected The ears will 
also follow the same tendency for many kinds of traffic, as c\|>erience justi¬ 
fies the advance. There are now in use self-dumping coal cars of a nominal 
capacity of 100,000 pounds, which have, on four axles, a total load of 146,000 
pounds (10 per cent increase over nominal capacity) on a wheel base, for two 
adjacent cars, of 17 ft, 2 ins. These cars on all ordinary bridges produce 
strains equivalent to those of K 33 "—Theodore Cooper. 

Members subject to reversal of stress must be so designed that a live load 
n per cent greater than that specified shall not increase their unit stresses 
more than n per cent, n — 25, C; 50, B; 100, P. 
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Live Loads for Highway and Electric Railroad Bridges. 


Aa, 

For the Floor and its 


For the Trusses. 


(Am. Bridge Co.) 

Supports. 






and 


Uni- 

Per linft of 

Per sq 

ft of 

Cc, 

(Theo. Cooper ) 

Concentrated. 

form 

single track. 

remaining floor. 

Wagon Car 

(c). 

(Propoitionally for inter- 




mediate spans.) 



(a). (h) 







on 

Per 

Spans 

Spans 

Spans 

Spans 

('lass.* 

each 

sq ft, 

up to 

200 ft 

up to 

200 ft 


track. 

lbs 

100 ft 

and 

100 ft 

and 


tons tons 



over 


over 




lbs 

lbs 

lbs 

lbs 

A . 

24 

100 

1,800 

1,200 

100 

80 

B . 

12 or 24 

100 

1,800 

1,200 

80 

60 

C . 

12 or 18 

100 

1,200 

1,000 

80 

60 


Up to 
75 ft 






D. 

6 

80 



80 

55 

El. 

24 


1,800 

1,200 



E2. 

18 


1,200 

1,000 




(a) On two axles, 10 ft cens (and, A a, 5 ft gage); In classes A, B, and C, 
assumed to occupy a width of 12 ft in single line (or, Cc, 22 ft in double 
line) on any part of the roadway. 

(b) On two axles. 10 ft centers. 

(c) In classes A, B, and C, on remainder of floor, including footwalks. In 
class D, on total floor surface. 

Oo. Osborn Engineering Co. Highway. May specify any combination 
of the following loadings, according to character of bridge and of load. 

Uniform loads, lbs per sq ft. For spans up to 150 ft, 100 on roadway and 
£0 on sidewalks, or 80 on both. For spans over 150 ft, 80 or 60 on both. 

A steam road roller; axles 11 ft apan, forward roll 4 ft face, two rear roll* 
5 ft cens and each 20 ins face. 15,000 oi 9,000 lbs on forward roll and 10,000 
o 6,000 lbs on each rear roll; 

A horse roller, 12,000 lbs on roll, 5 ft face; 

A wagon load, 10,000 lbs on two axles, 8 ft apart, 5 ft gage; 

Two electric cars on each track; Fig. a 

A train of electric cars on each track; Fig. b. 

A train of coal cars of 60,000 lbs capacity; Fig. c. 



30.000 

Fl a-a 

30,000 

J 


_ 

-P__CL 


-Q-— Q - 



ft. 8-7-*K- 

lb*.\ JtOfDOO or 80.000 

- so - 

Ftg.-b 

->8-7-8 

Jf0,000 or HO.OOO 


, -9 ° 

Q_ 

n _a 

_Q_ 

o 

n ^ 

ft. («• 

„- JM o *>,<• 

02,000 

—* O 

1 

9 ■? 

-9 

. a... . o . 

n 

0 

XL 


•Class A, city bridges. Class D, ordinary country highway. 

M B, suburban or interurban. “ El, heavy electric railway only 
C, heavy country highway. " E2, light electric railway onlv 
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FUTURE INCREASE OF LIVE LOADING. HIGHWAY. 

In electric railroad bridges. Class E, only 70 per cent of dead load stress to 
be considered as effective in counteracting the live load stress, Aa. For 
bridges carrying electric or motor cats, counters so proportioned that a 
future increase of 25 per cent in the specified live load shall not increase the 
unit stress more than 25 per cent, Cc. 

Impact. 

300 * 

1 — S j ^ where I — impact stress to be added to the live load stre-«; 

S ■* calculated max live load stress; I • • length in feet of loaded distance 
which produces the maximum stress in the member, A. 

1“ 8 (o.l + r ), Mr. 0. Bousearen, C. K. 

\ 1_X b2..) / 

In Highway Bridges; l - 25 per cent of live load stresses Aa; I «• L 2 
(L + i». where L and D =* live and dead load stresses, Oo. 

2. Horizontal Forces. 

(I)rag, Centrifugal and Wind.) 

(a) Longitudinal. 

Drag. In bridges for steam and electric railroad-, provide for a longitu¬ 
dinal force, at the rails, - 0 2 of the max live load. In doublo track (Y). 
provide for trains moving either way. 

(b) Transverse. 

(1) Centrifugal Force. 

F — centrifugal force; W =* weight of train on bridge; d degree of 
curvature « central angle subtended by a chord of 100 ft; v — velocity in 
miles per hour; c =* a coefficient. 

A f F «■ c d W. For d up to 5°, c «=* 0.03. Deduct from c 0.001 for each 
degree over 5°. Train on each track. 

B, R, F — 0.02 of the live load for each deg of curvature. II, up to 5°. I in¬ 
duct 0.001 for each degree over 5°. 

C« F, computed for v => 60 — 3 d on steam railroads, 40 on electric rail¬ 
roads; force acting 5 ft above base of rail. 

D, v — 60. 

E, F — force due to that uniform load which would produce the max sj»eci- 
fied live load bending moment on span; v — 60. 

Y, F =* W v 2 d 85,666. Up to d - 4°, v - 60. For d over 4°, v - 
60 — 2d. Max train load on each track. 

(2) Wind. 

(a) ON RAILROAD BRIDGES. 

Wind pressure, in lbs per sq ft, « w; in lbs per lin ft = W. 
w = either 30 lbs per sq ft on exposed surface of trusses and door and on 
that of a tram of 10 ft average height, beginning 30 ins above rail base: 
or 50 lbs per sq ft on exposed surface of trusses and floor; whichewr 
gives the greater stresses, A, P. 

In truss spans over 200 ft & in plate girders, w - 30 lbs per »q ft of exposed 
surf of 1 girder and floor, + W on train for lower chord, as below, B. 

W * L + U. L = pressure in lbs per lin ft on loaded chord, U on un¬ 
loaded chord. W includes both wind on bridge and wind on train. 

Wind on bridge. L * U - 160, B, i\* I>, R: = 200, E. 

L = 200, on doublo track 300, acting 8 ft above rail top; I y 
U - 150, on double track 225, acting at cen of chord; ( * 

Wind on train. L - 300, B, W, R.t *? - 450, <',t - 400, E. 


* In spans over 300 ft, add to U 10 lbs for each additional 30 ft, C-. 
t Acting 7.5 ft above rail, R. 

t Acting 6 ft above rail base. Includes lateral vibrations of trains. 
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A. Wind stress, 8w, iu any truss member, C (main truss member, D| 
Chord or end post, R), need be considered only f 1) when Sw exceeds 30 per 
Cent, C (25 per oent, D, R), of max stress, 8, due to dead and Live loads. 
Then increase section to bring Sw within limit, C» D. R. (2) When Sw, 
alone or in combination with temperature stress, can balance or reverse S, C. 

Anchorage. In determining the requisite anchorage for the loaded struc¬ 
ture, the train is assumed to weigh 800 lbs per lineal foot, A, B, C, P; 600 
lbs per lineal foot, R. 

(b) ON HIGHWAY AND ELECTRIC RAILROAD BRIDGES. 

Either 30 lbs per so ft on the exposed surface of all trusses and floor, f 
}60 lbs (180, Oo) per lineal foot of a train covering the span; or 50 lbs per 
*q ft on the exposed surface of all trusses and floor; whichever gives the 
greater stresses, Aa, Oo. 

On each chord. 150 lbs per lin ft. of span, due to bridge, and on the loaded 
chord 150 lbs per lin ft of span additional due to Irain. For spans exceeding 
300 ft, add 10 lbs on each chord for each additional 30 ft, Cc. 

Wind stresses (in truss members, Cc; in chords and end posts, Oo) to be 
provided for only when the wind stress exceeds 25 per cent of the max dead 
and live load stresses (of the sum of all other stresses, Ooh or when the wind 
stress (alone oi in combination with temperature stress, Cc) can (neutralize 
or, Cc) reverse the stress in the member, Cc, Oo. 


IV. STRESSES AND DIMENSIONS. 

Effective Span and Depth. 

In pin Bpans, span and depth are measured between centers of pins. In 
riveted trusses, the span is measured betw’een centers of ena bearings, and 
the depth between centers of gravity of chord sections. In plate girders the 
span is measured between centers of end bearings, and the depth between 
centers of gravity of flange areas or over backs of flange angles, whichever is 
the less. In floor beams the span is measured between centers of trusses, 
and in Btringers between centers of floor beams, U. 


Limiting Unit Stresses. 

Tension. 

Net Section. The net section of any tension member or flange is deter¬ 
mined by a plane cutting the member square across at any point. The great¬ 
est number of rivet holes which can be cut by the plane, or oome within an 
inch of the plane, is deducted from the gross section, B. The rupture of a 
riveted tension member is considered equally probable, either through a 
transverse line of rivet holes, or through a diagonal line of rivet holes where 
the net section does not exceed by 30 per cent the net section along the trans¬ 
verse line, Cc. 

In deducting rivet holes for net section, their diameter is taken at one- 
eighth of an inch greater than that of the cold rivet, G; for countersunk 
rivets (Oo), one-fourth of an inch greater. 

Maximum permiMRible tcnnile NlrewHCH, in lbs per sq inch. 

Medium Soft 
Steel Steel 

A, A a, Under vertical forces only or horizontal forces only 17,000 15,000 

Under vertical and horizontal forces combined 21,000 19.0^ 

B, For “Bridge” (soft) and Rivet Steel, same as Medium Steel under A. 


Pi For soft steel: For dead load; live load. 

Eye-bars.14,000 9,000 

Built sections.12,500 • 8,500 

Counters .. 8,500 


For dead and live load 

Hip BUBpendere, floor beam hangers, members sub¬ 
ject to sudden loading. 7,600 

Tension flanges of plate girders and rolled beams. 9,000 

Bracing . 12.000 
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verse 

load¬ 

End 

bear¬ 

Short 

ing Shear 
across along 

ing 

ing 

column * 

fibre fibre 

.1,400 

1,300 

1,000 

550 

300 

.1,600 

1,300 

1,000 

350 

200 

.1,100 

900 

700 

200 

150 

. 950 

850 

650 

200 

100 


A., Aa, Am B Co; B, B & 0; C, Cc, Cooper; D, D L & W; E, Erie 

Main members of trusses, flanges and webs of girders and floor beams 
for double track, floors and girder flanges with ballast floor, add 10 
per cent 

For medium steel, add 10 per cent. 

_ / min stresst 

E. 8,000(1+--v -)• 

V max stress/ 

Oo. (Highway Bridge.".) Medium steel, 22,000; soft steel, 20,000; wrought 
iron, 18,000 

P. M max calculated stress in member 

m min " " “ “ 

Let r — ™ ; let k =- ? - f . Then M (I -+ k) shall not exceed 15,000 
M 1 t r 

Long hip verticals must have 25 per cent excess strength; short floor 
beam hangers 50 per cent excess, P. 

T. Soft steel. Chords and web members of trusses, and flanges of 
plate girders, floor beams and stringers. 

Dead load and drag. 16.000 

Live load and centrifugal foicc. 8,000 

MAXIMUM 8TKEBSK8 IN' TIMBER, LBS l'ER 8Q INCH. 

Bear- 

verso End 

For Highway Bridges, Oo. 

White oak .1,400 

Long leaf pine.1,600 

White pine.1,100 

Hemlock .*.. 950 

Extreme fibre stress, in floor beams, max, yellow pine and white oak, 
1.200 lbs per eq inch; white pine and spruce, 1.000, A a, Co. 

Compression. 

F = permissible working stress in compression member, in lbs per sq inch. 

*= generally the permissible stress in tension member, in lbs per eq inch, 
a *= a coefficient. 

L «=* length of piece, in ins, between cens of connections, 
r — least radius of gyration of cross-section of member, ins. 

p « — f „ 

1 ‘ ? a 

f 

• „ fin medium steel.17,000 

Aa *tin soft steel.15.000 

B. In soft steel.17,000 

C. See below. 

Dead load 

f 

000 18,000 

to to 

500 24,000 

min stre ss 
max stress 

-24,000 with one end fixed; a 18,000 with both ends hinged. 

Oo. (Highway Bridges.) f 22,000 for medium steel, 20,000 for soft Steel 

18,000 for wrought iron; a is in E, above. 

P. f - 15,000; a - 13.500. 

R. f - 6,800 (l ■ ); ( max - 8,000; ft - 40,000 with Bftt 

ends; a - 20,000 with pin ends. 

When one end Is pinned, p — mean of values derived aa above. 

For angle iron struts, see below. 


D. . 

E. 


11,000 

13,500 

11,000 


f = 8.000 (1 + ] 


f 12,0C 
.< to 
(12.5C 


f 

8,000 

to 

8,500 


Live load 


18,000 
to , 
24,000 


; a - 36,000 with both ends fixed; 


•Length not over 12 X least side. fMin stress » dead — live load strese 
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Y. Soft Bteel in chorda and web members; 


f 


For dead load and drag.16,000 

For live load and centrifugal force.. 8,000 

C, Cc. p = M — c 

r 

For medium steel in stationary structures: 

Dead load 


18,000 

18,000 


Live load 

M c 

Chord segments, stiffeners. 

For highway bridges . 

( 17 000 

End and other posts . 1 10 jg qqo 

For highway bridges. j 

Lateral strut'-, rigid bracing j 
for railroad and highway 

hr ulges .1 

For soft steel, deduct 15 per cent; for movable structures, deduct 25 per 
cent. 


M 

c 

M 

c 

20,000 

90 

10,000 

45 

24,000 

110 

12,000 

55 

17,000 

f 90 

f 8,500 

( 45 

to 18,000 

1 to 80 

1 to 9,000 

1 to 40 

20,000 

j 90 

( 10,000 

/ 45 

to 22,000 

tto 80 

tto 11.000 

tto 40 

- 13,000 

60 

8,066 

40 


R. Angle iron sti uts. 

With flat ends, p - 9,000 — 30 ^; with pin ends, p - 9,000 — 34 . 

In lateral and cioss struts, add 30 per cent. 

Length of compression members, max, ~ 40 to 45 diameters, or 100 r 
to 120 i In highway bridge-, 120 i to 140 r, Aa; 100 r to 120 r, Cc; 125 r to 
150 r, Oo, where r - least iadius of gyration. 

Unsupported width (distance between rivets) of plates subject to com¬ 
pression, max *= 45 X thickness, Oo; 30 X thickness, C, Cc, D; in cover 
plates of top chords and end posts, 40 X thickness, C, Cc, D; or, if a greater 
width is used, effective section shall he taken as 40 X thickness, C, Cc. 
Distance between supports in line of stress, max = 16 X thickness, Oo. 

Timber columns, whose length exceeds 12 X their least sides, in highway 
bridges, Oo. 

Q 

Max unit stress **•-,"— 

1 h l.OOOd 1 

where C -= 1,000 lbs per sq inch for white oak and long leaf pine, 700 for 
white pine, 650 for hemlock; L ~ length of column, between supports, ins; 
d - least side, ins, Oo. 


Alternating Stresses. 

Total sectional area of member to be made = sum of areas required for 
both stresses, A, B. 

Area sufficient to resist either stress plus 0 8 (0 6, R; 1 0, Y) X the lesser 
•tress, C, Cc, D, R, Y. 

Permissible working stress, in lbs per sq inch: 

0 I. max stress of lesser kind \ 

a *=» 8,000 I 1 - - —-—-,- - — 

\ 2 X max stress of greater kind/ 

M “ max calculated stress of greater kind, 

m ” max calculated stress of lesser kind, 

Let r — Let k — ^ r . Then M (l + k) shall not exoeed 
M z — r 

J 5,000 lbs per sq in. 

IN BRIDGES FOR HIGHWAYS AND FOR ELECTRIC RAILROADS. 

In Classes A, B, C, and D, members proportioned for that stress which re¬ 
quires the larger section. In Classes E 1 and E 2, make sectional area - sum 
of areas required for the two stresses, Aa. Member? designed to resist either 
stress and given 25 per oent exoesa of strength in their joints and connec¬ 
tions, Oo. 
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Shear and Bearing Stresses. 

Shear in web plates, max. lbs per sq inch. 10.000. It ; 4.000, E; 5,000, 
R; 13,000, Pi in medium steel, 10,000. A, Aa; in soft steel, 9,000, A, Aa; 
across grain, 6,000, D; with grain, 5,000 (net section), D; dead load, 10,- 
000, Y; live load, 5,000 (gross section), Y. 


Shear and Bearing on Rivets, Bolts and Pins. Maximum, in lbs 
per sq inch 

Shear Bearing 

Medium Soft Medium Soft 

A, Aa, B.12,000.11,000.24.000.22,000 

C . 9,000 9,000.15.000.15,000 

Cc .10,000. 10.000 .18,000. 18.000 

Oo .10,000.10,000.22,000.20.000 

D, R . 7,500 7,500.12,000.12,000 

Y, Shear - 0.75 S ; bearing «= 1.50 S. S ~ permi?<sible unit stress in tension. 


In field riveting, increaf-e number of rivets 25 per cent, A, A a. B, Oo, P; 
if machine driven, 10 per cent. A, Aa, P; in stringers and floor beams, one- 
third, P. Take 0 66 to 0 80 X stress as above, C, Cc, P, R, Y. 

In floor connections, use 0.8 X stresses as above, C, Cc; add 20 per cent 
to number of rivets, Y. 

In wind and sway bracing, use 1.25 to 1 5 X stresses as above, C, Cc> D, R. 

Rivets with countersunk heads taken at 0.75 X value of rivets with full 
heads, P. 

Bearing, on phosphor bronze disks, 5,000 lbs j>er sq inch, B. 


Bending Stresses. 

Stress in extreme fibres, under bending moments, max, lbs per sq 

inch. 

Tn pins and bolts, 25,000, B; 18,000, C; 20,000, Cc; 15,000, P, R; 16,000, 
Y} in pins, closely packed, 25,000, Oo; in medium steel, 25,000; in soft 
steel, 22,000, A, Aa, P. Centers of bearings of strained members taken as 
points of application of the stresses, A, Aa, R. Applied forces considered 
as uniformly distributed over the middle half of the bearing of each member, 
C, Cc. Bending calculated from distances between centers of bearing, Oo. 
Tn rolled beams and channels, 14,000, P. 

In wooden floor beams, 1,000, A, B, C', P. 


Compound Stresses. • 

Compound (axial and bending), maximum, lbs persq inch. 

In end posts of through spans, dead + live •+ wind -f bending, max - 
15,000, R. 

Proportion the member to resist sum of direct stress plus 0.75 bending 
8 000 

stress, A, Aa, B, P, B. Max »-- ^ g — , whereL- length, ins; r - 

1 ' 40,000"r» 

least radius of gyration, ins. 

If pins are out of neutral axis of section, max must include the additional 
strew due to the eccentricity, R. 

Bending moment at panel points assumed equal and opposite to that at 
the center, A, Aa. If fibre stress due to weight of member alone exceeds 10 
per cent of the allowed unit stress on such member, the excess must be con¬ 
sidered in preportioning the areas, C, (>, R. 

Minimum DlmenMionn. 

Minimum thickneM of plates, in railroad bridges, three-eighths of an 
inch for main members, five-sixteenths of an inch for laterals; m highway 
and electric railroad bridges, five-sixteenths to one-fourth of an inch. Min 
diam of rod, three-fourths of an inch, Oo. Rods and bars, mia section, 1 sq 
inch, D, R; oounters 1.5 sq ins, D, P. 'Posts, in pin spans, min width 10 
ins, A. In posts of through spans, channels min 10 ins, B. Angle, min, 3.5 
X 3 X five-sixteenths, B. 
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G, gen’l; Oo, Osb’n; P, Pa; B, R’d’g; T.NVC; Aa, Cc, Oo, IPway 


V. PROTF.CTION. 


At Shop. After removing loose scale and rust; 1 coat pure boiled linseed 
oil. A, A a, H, I>, K, P, R; raw linseed oil, C # Cc| with 10 per cent in 
weight of lami>black, D; standard red lead paint.* Y. 

Inaccessible Parts. 2 coats iron ore paint in pure linseed oil. A, A-i. B. 
C, Cc, E, Ri standard red lead paint,* V; 1 coat , D; 1 heavy coat red lead 
in raw linseed oil, I*; 2 coats, 18 lbs red lead in 1 gal boiled linseed oil, Oo* 
Finished Surfaces. Coated with white lead and tallow. General. 


Surfaces in Contact. Painted before joining. A, Aa, B, C, Cc, R, Y t 
with 2 heavy coats red lead in raw linseed oil on each surface, Y. 

After Erection. 2 additional coats of paint in pure linseed oil, A, Aa, 
II, C, Ccj 2 coats of paint, of different colors, R; 2 heavy coats asphaltum 
varnish, Y. 

At least 48 hours a!low>ed for drying of each coat, Y. 

Columns, etc., for 5 ft above surface of street, etc, 2 heavy coats as¬ 
phaltum varnish; under sides of bridges, rest of columns etc., 2 heavy 
coats standard white paint; * ballast side of trough floors, 1 part by weight 
refined Trinidad asphalt and 3 parts straight run coal tar pitch at 300° F, Y. 

Wherever there is a tendency for water to collect, the spaces must be filled 
with a waterproof material. C, Cc. 

First coat paint of graphite or carbon primer. Oo. 

In highway bridges, upper surfaces of metal floor plates thoroughly coated 
with asphalt, Oo. 

YI. ERECTION. 


The Contraetor is usually required 

(1) to unload mateiials after delivery, to furnish falseworks and appli¬ 
ances, to remove the old bridge, to alter exi-ting hi ulge seats; 

(2) to drill and set anchor bolts, to erect and adjust the superstructure, 
and sometimes to furnish and place the wooden floor beams; 

(3) to remove falseworks and appliances; 

(4) to kt3p the road open for traffic and to avoid interference with any 
other Ihoroughfare by land or water and interference with other contractors; 
to furnish and pay watchmen; to keep material clean and in good order;and 
vo assume all risks of damage to persons or property by reason of storms, 
Hoods or other casualties; 

(5) to furnish pilot nuts for the protection of the ends of pins in driving. 


<2) DIGEST OF SPECIFICATION FOR COMBINATION RAIL* 
ROAD BRIDGES.t 

By Baltimore and Ohio Railroad Co., 1901. 

, I. GENERAL DESIGN. 

Type, Howe. 

Rodsof steel, with upset ends; slandard nut and lock nut on each end. 
Cast iron joint boxes and packing spools. 

Steel gib plates from 1.25 ins thick for 1.25 inch rod, to 1.75 ins thick, foi 
2.5 inch rod. 

Splices in lower chord generally <>f steel construction. 


II. MATERIAL. 

Lumber. Georgia yellow pine, white oak or white pine. 

Rolled steel. Open hearth. Ultimate strength 60,000 lbs per sq Inch, 


* Slandard red lead paint. 5 gals contain 100 lbs pure red lead, 4 gals pure 
raw linseed oil, one-half pint Japan, free from benzine, Y. 

Standard white paint. 5 gals contain 42 lbs pure white lead in oil, 21 lb« 
white zinc in oil, 3 gals pure raw linseed oil, Y. 

At least 48 hours between ooats, and between final shop coat and load* 
»ng. Y. 

t To be used only for temporary purposas. 
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permissible variation, 5 000 lbs; elastic limit, 30,000 lbs; elongation 25 pel 
cent in 8 ins; to bend 180° flat upon itself. 


III. LOADS. 

Dead Load. 

Timber taken at 4.5 lbs per foot board measure. Track 100 lbs per lin ft. 
Live Load. 

Max intended load + 25 per cent, to provide for increase and impact. 

IV. STRESSES AND DIMENSIONS. 

. Limiting Unit Stresses. 

Timber, lbs per sq inch, max Yellow pine White pin^ White oak 

Bending or direct tension.1,200 800 1,000 

Columns under 17 diams in length 900 600 750 

Columns over 17 diams in length.. 1,200-18 n 800-12 n 1,000-15 n 
where n = length + least thickness; 
n max =» 40. 

Shearing, along grain. 150 100 200 

Bearing, in direction' of grain.1,500 1,000 1,250 

Bearing, perpendicular to grain... 350 200 500 

In columns made up of several sticks placed side by side, anti bolted 
together at intervals, each stick treated as an independent column. 

Steel rods, maxmnit stress =* 12,000 lbs per sq inch. 

Floor beams designed to carry the dead load and the heaviest engines in 
service without impact allowance, lteiuforce for future increase of loads. 

For loadings in excess of that used in designing, reduce speed from 60 to 
15 miles per hour, as loads increase to limit of 25 per cent increase of load. 

. V. PROTECTION. 

Steel rods, gibs, etc , 1 coat of paint in shop; 2 after erection. 

Wood, at joints and at points of contact, to be painted. 

Bolt and rod holes to be saturated with paint. 


(3) DIGEST OF SPECIFICATION FOR ROOF TRUSSES, 
STEEL FRAMEWORK AND BUILDINGS. 

By Baltimore and Ohio Railroad Co., 1901. 

I. GENERAL DESIGN. 

Made principally of shapes. No adjustable members, except in lateral 
bracing. Lateral bracing proportioned for a full wind pressure of 30 lbs per 
sq ft of exposed surface, acting in anv direction. Tension members in brac¬ 
ing must in all cases pull directly against a stiff strut. If building is enclosed 
and the work is exposed to the action of gases, no open spaces less than 1 
inch wide left between members, or open pockets inaccessible for painting. 

II. MATERIAL. 

Min thickness, 0 25 inch. When subject to the action of gases, five-six¬ 
teenths Inch if building is open; 0.375 inch if enclosed. 

III. LOADS. 

Snow, 20 lbs per sq ft of horizontal projection of roof surface. Wjnd, 30 
/bs per sq ft, horizontal, in any direction. Min total, 40 lbs tier sq ft. 

'Covering. For roofs, and for sides unless otherwise ordered, corrugated 
sheets. No. 22 gage, 26 ins wide; corrugations, 2.5 ins; 3 ins for slope of 1 
da 2; 6 ins for less slope. Purlins not more than 4 ft apart between centers. 

IV. STRESSES. 

Columns sustaining roof are considered as hinged at base, unless so an¬ 
chored aa to be absolutely fixed. 

Unit stresses, if subject to no moving load other than wind, see B, in 
Digest of Specifications for Steel Bridges, and Digest (2) of B & 0 R R Speci¬ 
fication for Combination Bridges. Stresses given in the latter to be in¬ 
creased 25 per cent. 

V. PROTECTION. 

Three coats of paint. If exposed to gases, use bridge paint (see B i» 
Steel Bridge Specifications); if not, use standard building paints. 
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Art. 1. Table of data required for calculating the main 
ebaina or cables of MuapenMlon bridges. Original. 


Deflection 
in parts 
of the 
Chord. 

.Tension on all 
j the M.tin 

1 Length of | Chama ut 
Deflection Mam Chains euherSusiien- 
iu Deci- 1 between Sus- 1 sion Pier, m 
mala of pension Piers,' parts of the 
theChord. in purta of the' entire Sns- 
j Chord. ; pended Wt. 

]of the Bridge, 
.nid its Load, 

Tensiou at the 
Ceuter of all 
the Mam 
Chains; in 
parts of the 
entire Sus¬ 
pended Wt 
of the Bridge, 
und its Load. 

Angle of 
Direc¬ 
tion of 
theCiidins 
at tbe 
Piers. 

Natural 
Hiueufthe 
Uigte of 
Direction 
of the 
Chains, at 
tbe Piers. 

Natural 
Cosine of 
the An git 
of Direo- 
tioa of th« 
Chains at 

the Piera. 

1-40 

0/5 

1 002 

5.03 

5.00 

. 

D<-g Min. 
a 43 

.0995 


1-85 

.0>6 

1 002 

4 40 

4 37 

6 31 

.1135 

.9936 

1 .’$0 

at.ct 

1 OOH 

3 78 

3 75 

7 36 

.1322 


1-25 

.01 

1 <Kli 

3.16 

3 12 

9 6 

.1580 

.9874 

1-20 

.05 

1 oor. 

2 55 

2.51 

11 19 

.1961 

.9806 

1-19 

.0.26 

1 007 

2 43 

2.3S 

11 51 

.2060 

.9786 

1-18 

.0j55 

1 008 

2 30 

2.25 

12 12 

.2169 

.9762 

1-17 

.0'>"8 

1 009 

2 18 

2.12 

1.1 14 

.2290 

.9734 

Mb 

0625 

1 Oil) 

2 06 

2 00 

14 2 

.2425 

.9701 

1-15 

{Him 

, 012 

194 

1 87 

14 55 

.2573 

.9663 

1-14 

.0714 

1.01.! 

1.82 

1 74 

15 57 

.2747 

.9615 

111! 

.0769 

1 016 

1 70 

1.62 

17 6 

.2941 

.9558 

1-12 

.(Kill 

1 018 

1.57 

1.49 

18 33 

.3180 

AM 80 

1-11 

.0919 

i 022 

1,46 

1.17 

19 59 

.3418 

.9398 

1-10 

-I 

1 026 

1 35 

1.25 

21 48 

.3714 

.9285 

1-9 

1111 

1 Oil 

1.28 

1.12 

23 58 

.4062 

.9138 

H 

125 

1 011 

1.12 

1.00 

26 31 

.4471 

.8945 

1-7 

.1429 

1 051 

1 01 

.881 

29 45 

.4961 

.8726 

3-20 

15 

1 0.i9 

.972 

.M3 

30 58 

.5145 

.8574 

% 

.1667 

1 070 

.901 

.750 

83 41 

.5547 

A3 20 



1 098 

.800 

.625 

38 40 

.6247 

.7808 


•225 

1 122 

.747 

.555 

42 0 

.6690 

.7433 

y* 

.26 

1 149 

.707 

.500 

45 00 

.7071 

.7071 

:a 

.:t 

1.205 

.651 

.417 

50 12 

.7682 


H 

mi 

1 ’247 

.625 

.375 

53 8 

.8000 



.4 

1 .112 

.589 

.312 

58 2 

.8481 

.5294 

9-20 

45 

1.401 

.572 

.278 

60 57 

.8742 

.4853 



1 480 

.559 

.250 

63 26 

.8944 

.447? 


These calculations are bused on the assumption that the curve formed by the main ohams H* 
parabola ; which is not strictly correct. In a finished bridge, the curve is tietweeu a parabola and « 
oatenary ; and i» not susceptible of a rigorous determination. It may Have HOUIC trOEN 
ble in making the drawings of a suspension bridge, to remember that when the 
deflection does not exceed about of the span, a segment of a circle may be used instead of US 
true eurve, Inasmuch as the two then ooiucide very closely ; and the more so aa the deduction be 
eomes less than The dimensions tnktin from the drawing of a segment will answer all the pur 
poses of estimating tbe quantities of materials. 

The deflection iiMimlly adopted by engineers for great span* is 

about j - 1 j to f 5 the span. As much as is generally confiued to small spans. The bridge will 
be stronger, or will require less area ot cable, ir the deflection is greater. but it then undulates inort 
readily , and as undulations teud to destroy the bridge by looseuing the joints, and by increasing tht 
momentum, they must be specially guarded against as much as possible. The nsual mode of doing 
this Is by trussing the hand-railing; which with this view may lie made higher, and of stouter tim¬ 
bers than would otherwise lie neocssarv. In large spans, indeed, it may be supplanted by regular 
bridge-trusses, sufficiently high to be braced together overhead us m the Niagara Railroad bridge, 
where the trusses are 18 ft high; supporting a single-track railroad on top, and a common roadww 
of 19 ft clear width, below.* 


* The writer believes himself to have been the first |«nion *n suggest the addition of very dee) 
trusses braced together transversely, for large sus|M‘tision bridges. Early in 1851 he designed such 
a bridge, with four spans of 1000 ft each , nod two of 500; with wire -shies; and trusses 20 ft ntgb. 
It was Intended for crossing the Delaware at Market Street. Phiinda. it was publtelv exhibited fot 
■everal months at the Franklin Institute, and at the Merchants’ Exchange; and wua tluallv stolen 
from the hall of me latter. Mr. Roebllnc'x Niagara bridge, ot 8O0 It «r>an, with trusscal8fthigh. was 
not commenced uutil tbe latter part of 1 Hull; or anoui lb mouths after mine had been publicly e*. 
hibit-i 
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Another very important aid li found in deep longitudinal floor timber*, firmly united where their 
ffid* meet each other. These assist by distributing among several suspender rods, and by that 
mean* along a considerable length or main oable, the weight of heavy passing loads ; and thu* pre¬ 
vent the undue undulation that would take place if the load were concentrated upon only two opposite 
auspender*. With this view, the wooden stringer* under the rails on the Niagara bridge are made 
virtually 4 ft duep. The same principle is evidently good for ordinary trussed bridges. 

Another mode of relieving the main cables U by means of cable-itay*: which are bars of iron, or 
wire ropes, extending like ey, Fig 1. from the saddles at the point* of suspension c, d, obliquely down 
to the floor, or to some part of the truss. Iu the Niagara bridge are (M such stays, of wire ropes or 
inch diam; the longest or which reaoh more than quarter way across the span from each tower. 
They transfer much of the strain ol the wt of the bridge and its load directly to the saddles »t the top 
•f the towers, thereby relieving ever v part of the main cable, and diminishing undulation. They 
end at cHnd d, where they are attached, not lo the cables, but to the saddles. They of cours* do not 
relieve the backttayi. 

Tbe greatest danger arises from the action of qtrong winds 
striking; below the floor, auri either lifting the whole platToitn, ami letting 
it fall suddenly ; or imparting to it violent wavehke undulations. The bridge of 1010 rt span across 
tbe Ohio at wheeling, by Charles Ellet, Jr, was destroyed in this manner. It Is said to have undu¬ 
lated 'JO ft vertically before giving way. It hRd no effective guards against undulution ; for although 
its hand-railing was trussed, it was too low and slight to be of much service in so great a span 
Many other bridges have beeu either destroyed or injured in the same way. When the height of the 
roadway above the water adnnta of It, the precaution may lie adopted of tie-rods, or anchor rods, 
under tie floor at different points along the span, and carried from thence, inclining downward, t« 
the abutments, to which they should be very strongly confined. In the Niagara Railroad bridge 54 
such ties, made of wire ropes 1% inch diam, extend diagonally from the bottom of the bridge, to tbe 
rocks below. They, however, detract greatly from the dignity of n structure 

Mr Brunei, in some cases, for checking undulations from violent winds striking beneath the plat 
form, used also inverted or w p-eurvmq oables under the floor Their euds were strongly conllned to 
the abuts several ft below the platform; and the cables were connected at intervals, with tbe plat, 
form, so as to hold it down. 

Art, 2, The angle adg, or a ci, Fig 1, which a tang dg or ci to the curve at 
Mtber point of suspension c or d, forms with the hor line cdor chord, is called the Angle of 
direction of tbe main chains, or cables, at those points. Frequently the ends 
eh, and dr, of the chain*, called the back*tfty», are carried away from the suspension pier* 
In atraight lines ; in which case the angles Idr, eck, formed belwoen the hor line e l and the ebai 
Itself, become the angles 6t direction of the backstays. 


v ft T* J 


jp MBPS 




Bgl 

fine oftngle of di rection ad ft * 



Twice the deflection a h 


(twice the deflection^ -f. (Half th# nhord)> 
Bo** 1. The direefion of the tang d g or c i, can be laid down on a drawing, thus • Continue the 
line a b. making it tvrioe at long as a b : then lines drawn from d and e to Us lower eud, will be tang* 
to the parabolic curve at the points of suspension. 

Note 2. If the chord c d be not hor, its winmtiim-. is the cusp, the angle 

most he measured from a bor line drawn for the purpn-t' at en< b point of suspension , as the two 
angles will in that ease be. unequal, tbe piers heiug of unequal heights. 

TeilNlOB OB Oil the tmtill Half the enure suspended weight of the clee 


chain* or cable*, together, 
at either one of the pier*, 
c or d, Fig 1. 


Feii«ion on all the main 
chain* or cable*, together, 
at the middle, b s of the - 
■pan, Fig 1. 


weight 

pan and iu load 
Sine of angle of direction a d g 


K Oi HpanP + fX l)efl)J , 


Half the entire *u« 

; pended weight of 
theclearspan and 
it* load. 


Half tiieentire suspended „ , „ , . , 

weight of tbe clear span X < f Kn *} 
and us load direction a d p 

Nine of angle of direct Ion a d g 


or = 


r span and iu load ~ span 
wiee the deflection 

Tbe d Iff b et ween tbe tensions at the middle, and at the points of suspension. Is so trifling with the 
proportion of chord and deflection oomrmmly adopted In practice, vix, from about fa to fa, that It 
usually neglected; Inasmuch as the sating lr> the weight of metal wonld be fully compensated for 
by the increased labor of manufacture In graduallv reducing the dimensions of tbe ebslna from tbe 
Mints of suspension toward the middle, and In preparing fittings for paru or many different rises, 
ffca redaction has, however, beeu made in some large bridges with wrought-lron main ebalMl bo* 
hmonewlth Wir* cables. 
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Art. 2 A. As it is sometimes convenient to form a rough idea at the moment, of 
the site of oables required for a brides, ws suggest the ftllowing rale for finding approximately the 
area in aq ini of« olid Iron in the wire requlredto ■ attain, with a safety of 8,* the weight of the bridge 
Itielf. together with an extraneous load of 1.206 ton* per foot ran of span; which corresponds to ldi 
Ibi per sq ft of platform of 27 ft clear available width. This suffices for a double carriage-way. and 
wo footways. The deflection it assumed at of the spaa; and the wire to have an ultimate 
(rength of 86 ton* per solid square inch. 

For spans of IOO ft or more, 

Kui.b. Mult the span in feet by the square root of the span. Divide the prod by 100. To the 
yuot add the sq rt or the span. Or, as a formula, 

Area of soun metal of all span X eq rt of tpan 

the cablet; in square ine ; =-4- iqrt of man. 

for spans over 100 fret 100 

For span* less than 100 feet, proportion the area to that at 100 ft. 

ir a deft of Is adopted Instead of the area of the cables may be reduced very nearly ^ park 

The following table In drawn up from this rnle. The M col 

give* the united areas of all the actual wire cables, when made up, including voids. (Original.) 


1\«. 

lid In’ii 
in nil the 
('allies. 

A reus of 
nil the 
Finished 
Cables. 

Span 

in 

Feet. 

Solid Iron 
in all the 
Cables. 

Areas of 
all the 
Finished 
Cables. 

Span 

hi 

Feel. 

Solid Iron 
in all the 
Cables. 

Areas of 
all the 
Finished 
Cables. 


Sq In*. 

S(|. Ills. 


Sq. Ins. 

Sq. In* 


Sq Ins. 

Sq. Ins. 

1000 

848 

446 

400 

100 

128 

150 

80.6 

39.1 

900 

300 

.185 

350 

84 

108 

125 



800 

254 

320 

300 

69 

89 

100 



700 

212 

272 

250 

55 

71 

75 

15 

19.2 

COO 

171 

219 

200 

42 

54 

50 

10 

12.8 

500 

134 

•71 

175 

36.4 

467 

25 

5 

6.4 


Having the arras of all the actual cables, we can readily find their diam. Thus, suppose with a 
span of 500 ft, we intend to use four cables. Then the area of each of them will be = 43 sq Ins. 

and from the table of circles. we see that the corresponding diam is full 7H ins. 

The above areas are supposed to allow for the increased wt of a depth of truss, and other additions 
necessary to secure tlie bridge from violent winds, and from undue vibrations from passing loads. 


eiently provided for, is of great servioe in reducing undulation. 

We do not think that diagonal horizontal bracing should, ns Is nsual, be omitted under the floor. 
It may readily be effected by non rod*. 

All the oables need u»t be a' the ehle* of the bridge. One or more of them may be over Its axis; 
especially in a widi bridge. Uue aide footpath tu the center may be used, instead of two narrow 
ones at the aides. 

The platform or roadway should he slightly cambered, or curved upward, to tbe extent say of about 
of the span. 


* The writer mnst not be understood to advocate a safety of 3 ugfttnm lUO lbs \ er sq ft, in addition 
to the weight of tbe bridge, in all oases. He believes that limit to be abou’ a sufficient one for a pro¬ 
perly designed wire suspension bridge fnr ordinary travel; but for an important railroad bridge, he 
would (aooordlne to position, exposure, to) adopt r. lafety of at least from 4 to 6 against the grinlnri 
possible load, added to the wt of the bridge. A (nun of oars opposes a great msrfaoe to the action of 
side winds: and trains must run during violent storms, as well as during calms; but a large open 
bridge for onmmon travel is not likely to be densely crowded with people during a severs stem. 
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Art. 3. Tenfllon on the back-stay**, c h ami d r, FI* 1. and 
Strains on the piers, or toweia, or pillarn. It the hiirU* ot direction adg and 
the angle l d r, between tn« backstays and the horizontal, are equal to each other, the teailou on the 
baok-stsvs will be equal to that on tiie main cable* at the tops of the piers; and the pressure on the 
piers will bo vertioal, but ir the two angles are unequal, then these tensious and pressures will de¬ 
pend, to a verv important extent, upon the manner in which the chains or oablea are Bxed to, or laid 
upon, the tops of the piers. 



Art. 4. In Figs 

2, 3 and 4, the liters 
dnm are aupixixed to be im¬ 
movable, and the cable* 
kdu. passing over them, 
rest immedia' ’y upon bon 
zontal rollers which have no 
other mittion than that ot re¬ 
volving about their horizon¬ 
tal axe* ; the frame to which 
they are attached being bolt 
ed to the top of the pier. On 
these rollers the cahles slide, 
when ohauge> of loading 
or of temperature produce 
changes iu their directions. 



In this case the ten* 
Mian on the back* 

Ht-A.YM is equal to that on 
the main cable See Funic¬ 
ular Machine. 

To Uud the direction and 

amouut ofthe|»reJ*Mire 

on the pier: rromd, 

Fig 3. 3 or 4. lay off d* and 
d r. each equal, by scale, to 
the tension, lu tons, on the 
main chain at d , and from * 
and r la) it off to v In other 



words, draw the parallelo¬ 
gram dter, and its dUgonal 
d v Then will d v give the 
direction and amount of the 
pressure upon the pier. 

When, as In Fig 2. the 
angles adg aud Ida are 
equal, the pressure d v will 
be vertical and equal to the 
entire weight of the cleai 
span anil its load. 

Wheu. .ia in h igs 3 and 4, 
the angles adg aud / <t u are 
unequal, the pleasure d v 
will uot he vertical but will 
incline from d toward the 


•mailer angle. 

When, aa in Fig 3, « d p exceeds l d k, the pressure d v will he lets than the entire weight or the 

gear span and its toad. 

When, aa in Fig 4, Id m exceeds a ip, the pressure i tr will be greater than the entire weight of the 
•lenr span and its load. 

If we suppose symmetrical piers, d n m.to he used In each case, the base m n of that in Fig 2, maj 
be muob narrower than in the other two tigs; because, the direction of do being vertical the prewar* 
has no tendency to overturn the pier. In Fig 2, the masonry of the pier should be laid iu the usual 
horizontal oonrsee, in order that ita bed joints may be at right augles to the pressure upon them. 

But, in Figs 3 and *, If the bases were made as narrow as in Fig 2, the lines or direction dv. of the 
pressure, would fall outside of them ; and the piera would consequently be In danger of overturning. 
Also, the atonea of the masonry, if laid in bnrirontal courses, would have a tendency to slide on each 
•ther. To prevent this, the beds should be at right angles to d u 

In Fig 3 the obliquity of the preaaure would lend to slide the base of the pier outward as shown 
by the arrow; but in Fig 4, Inward This teudeucy Is produoed by the horizontal component of the 
force iv. The amount of this may be found thus, iu either fig* From d downward draw a vert line 
as in Fig 4 . and from v a hor one meeting it in z, then ve. measured hy the same scale of tons as 
before, will give this horizontal force, and d z will give the vertical component of the pressure d v. 
The effect upon the pier, of the one pressure dels precisely the same aa would he produced u|<on It by 
•Be vertieel Toree equal to d z and a horizontal one equal to vz acting at the same time, as explained 
■nder Composition and Resolution of Forces. 

If, In either flg, we draw the vert lines a p and ro. see Fig 4. thend o. meaid hy the foregoing aoale, 
will give the tons or horlsontal puli, and ro the vertical pressure, produoed on the pier hy the back 
stay ; and p i and pt will, in like mauner, give the corresponding forces produced by the main chain. 
If we add together r • and p a they will be found to he equal to d z. and if we ‘uhtraot d o from p d, 
their difference will equal * I. U Is this difference only that teuds to slide, or lo upset, the pier; the 
ether porUena of 4 e and pd neutralising each other in that respect. 

The foregoing atraini nay all be calculated, thus: 


■orixnntat pall Inward by the main chain = T.n.inn x rein,of ,dt 
“ “ ontward by the back-xtay = rmiax<M.su. 

vertical prcmarc by main rluitn =T.».»iiX «»«»! 

“ * baekutajr a T«*.X8ta. «!.*«. 
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Art. S. If thp cables pass freely over a loose pin. d, Fig 4 A, supported hv a link L, 
Banging from Che flxed pin t. aud capable of moving freely about both 
•f It* pin*, the tensiou in the bock-stay will, as before, be equal to 
that in the main cable; aud the direction and amount or the strum 
on the piei* will be found in the name way a* for Fig* 2, 3 and 4; 
namely : lay off d » aud d r, each equal to the tension, and draw the 
parallelogram divr. Then will d v give the amount and direction or 
the strain on the piers. Thin last will, of course, be transmitted through 
the pins and the link. The amount or tension on the link will be given 
by the length ot d v ; aud the link (being free to move) will be in hue 
with this tension. The alieai tug strain on each pin is also given by do. 

Art. 6. Bui if the euds of the cable and back-stay. 

Figs 4 It, 4 C aud 4 I), at the top of the pier, he muds fait to a truck 
or wagon wlneh is supported by rollers on a smooth platform ou top of the pier, the axles of t!| 
rollers being fixed in the truck , then the strain on the back-stay will not be tbc same as ihnt on thi 
Cable, uuless ihe angles u d y aud ( d u are equal, as in Fig 4 B. 



II ady exceeds l d' u, as in Fig 4 C, the strain on the 
back stay will to less than that on the cable, and vice versa 
(Fig 4 l)j. 

But, iu eithei evse. If the top of the pier is horizontal, 
us is usually ilie ease, Hie horizontal components of the 
utiaiu* on the cables and ou the back-slay s. will be equal, 
and will thus omuii-iuoi each othei, and there will conse¬ 
quently be no lioii/ontal or oblique strain on thp pier 
That Is, the strain on the pier will he vertical 

To fiiMl Ihe amount of the ten> 
wioii on ihe bark-atay,undo! tin*pres¬ 
sure on the filer: on tig in either Fir -1 

B. 4 O or 4 I>, lav off dtt, equal, hv scale, to the tension 
on the cable at d Draw d e perpendicular to the surface 
run on which the rollers rest. We assume that m >i is 
horizontal, as ta genet alh, but not necetmrily. the case 
and d o, therefore, vertical. Draw « e horizontal, or piu- 
allel to»« n.* 

Then t r will give the horizontal pull of the main cable 
en the wugoii, and d v w 11 give tlie vertical pressure of 
the wheel d on the ion ei (in whirl* thilt of the wheel d 1 him 
yet to be added). Front d' t.iy off d o hoi lrmital, and equal 
lost) and draw ro leiticallv. Then d' r will give the 
amount of the pull on the back stay. and ro will give the 
vertical pusaiire of the wheel a' ou the pier; which 
must be added t« d v for the total vertical pressure. 

Or the various strains may be calculated, thus: 



Horizontal |»nll 
h r nr rf o at the 
lop of the pier 


I- 


Horizontal pull at _ Tension d s ii 
middle of span ~ coble at d 


X Cosine of a d y. 


Straind'fill back- ) _ Horizontal pull* V or <r oat top of . r J.,. 

Ntay ) pier, or at middle or span -t- Cosine of 1 <T u. 

Prea on pier, perp ) /Tension d. .. _ , D1 

to surf on which the rol- f = dv + ro = ( on main X S n J°H + / Te “ ,l<> ? 

let* rest J \ cableatd ad 9 ) '' <in ,mck ^ * <* « / 




F Fig.4E 


Fig.4 F 


Art, 7. When, as is hometimes the case in light 

bridges, the piers are posts, P Fig 4 R. of wood or iron, binged at 
the bottom, ami having the cables aud back-stays firmly fixed m 
their tops; from d draw d s. equal, by soale. to the tension on the main oable at d ; and d v toward 
the foot of the post. From i draw i r parallel to the back stay, and meeting d te in r. Then will 

sr give the svraln In - “* J “.' * ** 

the post. 


n the back stay, and d r will give the amount aud direction of the pressure upon 


Art. 8. As in the Niagara bridge, the cable* often merely rest upon 

movable trucks,or saddles, T Fig 4 F. curved on top to avoid sudden bends In the cable* and renting 
spun loose rollers which lie upon a thick horizontal iron plate bolted to the top of the pier, and art 
bee to move horisontally. In such cases the angles a d y aud l d' w are made equal; ro that the puUs 


* The lines of and *v must be drawn parallel to tka nti/ace mew vJUcA tUwayon rests, whsthtf 
mid surface be horizontal or Inclined. 
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/ a and d'r mre equal, as are also their horizontal components pet and d'o • and the presanres on tbi 
pier are vertical ; and ir chauges of temperature or of loading produce slight changes in the angle! 
a rf g and l rf' u, the truok will (by reason of the Inequality thus brought about between the hori 
.toutal components) more far enough to restore the equality between the angles, and between the 
horizontal components, and consequently the pressure upon the pier will at all times be vertical. 

Art. 9. To find, {approximately, tho length of a main chain 

C 6 rf i Fig. 1 ; haring the span c rf, and the middle dell a 6. See preceding table, Art 1. 


Half length of main chain = |'l ^ (dctl^i chords. 

In Menai bridge the chord erf is 578.874 ft. aud the dell U 43 ft. 

According to the above formula, the entire length is 58* 8 feet. By actual measurement the obain 
is precisely 500 feet. The approximate rule below gives 5M» 761 ft. 

Not*. The leugths obtained by this rule are only approximate, because the calculation is based 
upon the supposition that the chains form a parabolic curve ; whereas, in race. ttiV curve of a finished 
bridge is neither precisely a parabola, nor a catenary, but intermediate or the two. 

The following simple rule by the writer t* quite as approxlmale as the foregoing tedious one 
when, as Is generally the case, the dell is not greater thau j'j of the chord, or span. 

Length of mam chain when dell does not exoeed one-twelfth of the span — chord -f- .23 defl. 

Art. 10. To find, approximately, the length of the vert 
»m»pending rod* jr y, Ac, Fig 1; HMNuming fhe curve to 
be a parabola. 

Let s, ng I, be any point whaiever iu the curve; and let * w be drawn perp to the chord erf; and 
*/ perp to a b ; then in any parabola, as u c* : an* •: a b • hf. And 5/ thus found, added to b(, 
(which Is supposed to be already koowu, being tbe length decided »u for the middle suspending rod,) 
gives xy, the length of rod reqd at the point x, aud so at any other point. 

If tt/thus found betaken from the middle deflection ab. 
It leave* »r «r S and thus any deflection to x of the mam chain or cable, may be 
(bund when we kuow its hor dist, a », from the center, o, of the span. 

In the foregoing rule, the floor or the bridge is supposed to lie straight; but generally it is raised 
toward the center; and In that ease, the rod* must first be calculated as if the floor were straight 
■id tbe requisite deductions be made afterward. When it rises in two straight lines meeting In the 
tenter, the method of doing this is obvious. When an are of a circle is used, Us ordinate* may be 
lalculated and deduct fiom tbe lengths obtained by this -ole. 

Or, having drawn the curve by the rule for drawlug a parabola. the dmieusious can be approx¬ 
imated to by a scale. The adjustments to the precise lengths must he made during the actual con¬ 
struction of the bridge, by means of nuts on their lower screw-ends. The rods require, therefore, 
only to be made long enough at first. 

The tower*, pier*, or pillar*, which uphold the chain* or 
cables, admit of an endless variety in design. According to cir- 

fn instances, they may consist each of a single vertical piece of timber, or a pillar of east or wrought 
Iron; or of two or more such, plaoed obliquely, either with or without oonnectiug pieces: like tlm 
bents of a trestle, Or they may be made (with any degree of or- 

namentatlon) of cast iron plates, a* in Iron house-frouts. Ur they may be of masonry, brick, or 
eonorete; or of any of these combined. 

Each of the suspending-rod*, through which the floor of the bridge is 

Upheld by the main chains, requires merely strength sufhcient to support safely tbe greatest load 
that can oome upon the interval between it and half-way in the nearest rod on each side of it; in- 
elnding the wtof the platform, Ac, along the same Internal. 

In anchoring the backstays info the gronnd, it is noronH&ry to 

’ecure for them a sufficiently safe resistance against a pull equal to the strain, uj»»u the backstay. 

As to the anchorage of the cables Mow the Burflve of the ground, 

natural rock of Qrm character is tbe most favotable material that oan present Itself, When it is not 
present, serious expense in masonry must be incurred in large spans, In order to secure tbe necessary 
weight to resist the pnll of the cables. Our Figs 4% give ideas of the modes most frequently adopted. 
For a very small bridge, suoh as a short foot bridge, for lnstanoe, the backstays may simply be an¬ 
chored to large stones, 4, Fig A, buried to a sufficient depth. Or, if the pull is too great for so simple 
a precaution, the block of maaonry, mm. may be added, enclosing the backstay. A olose ooverlng 
of the mortar or oement or the masonry has a protecting effect upon the iron. 

To avoid the neoeaaity for extending the backaUys to so great a dist under gronnd, they are usually 
curved near where they descend below the surface, as shown at R, D, and K; so as sooner to reach 
the reqd death. This curving, however, gives rise to a new strain, in tbe direotlon shown by tbs 
arrows In Figs B and D. The nature of this strain, and the mode of finding lu amount, (knowing 
the pan oa the baeksUy.) are verv simple; and fully explained under the head of Funicular Me- 
•bins. The masonry must be disposed with reference to resisting this strain, as well as 

that at the direct pull of the backstay. With this view, the blocks of sUne on which the bend rests 
should ht laid in the position shown in Fig D; or by the single block in Fig B. Sometimes the bend 
Is mads over a east-iron ehair or standard, as at z, Fig F, firmly bolted to tbe masonry. 

Fig I shows the arrangement at the Niagara railway bridge of 821 H ft span. The wire baokstayt 
hod at ee; and frwei there down to their anchors, they consist of heavy chains; each link of which 
Is composed of (alternately) 7 or 8 parallel bars of fiat iron, with eye ends, through which pass bolts 
Each of the 7 bars of eaoh link is 1.4 Ins thick, by ' Ins wide, near the 
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•owest part of the chain; hut they gradnally Increase from thence upward, until at e, c, where they 
aultfl with the wire cable, the icoLional area of each link Is 93 sq Inn. These chain backstays pass In 
a curve through the massive approach a alls. (28 ft high,) and descend vertically dowu shafts s, s, 36 
ft deep In tho solid rock. Here they pass through the cast-iron anchor-plates, to which they are con¬ 
fined below by a bolt Hip ins dlam. The anchor plates are 64 feet square, and 24 Ins thick ; except 
♦or a space of about 20 ins by 26 ins, at the oentcr where the chains pass through, where they are 1 



foot thick. Through this thick part Is a separate opening for each bar composing the lowest link. 
From this part also radiate to the outer edges of the lower face of the plate, eight ribs, 2% ini thick. 
The ahafts s, *, hat e rough sides, as they were blasted; and ai ernpe 3 ft by 7 ft across; except at the 
bottom, where they are 6 ft square They are completely filled with oement masonry, with dressed 
beds, well in contact with thu aides of the shafts; and thoroughly grouted, thus tightly euveloping 
the ohaius ateverv point, as does also the masonry of the approach wall wtc; which extends 38 ft 
above ground, and is 6 ft thick at top, and 10,4 ft thick at Us base on the natural rock. 

D, Figs <4, shows a mode that may be used in most oases, for bridges of any span. The depth 
and the area of transverse section of the shaft, and consequently the quantity of masonry iu it, will 
depend chiefly upon whi tlier it is sunk through rock, or through earth. If through firm rock, then 
if its sides lie made Irregular, and the masonry made to fit securely into the Irregularities, much re- 
lianoe may be placed upon it to assist the weight of the masonry in resisting the pull on the back¬ 
stays. Karth also assists materially in this respect. 

F is tho arrangement in the Chelsea bridge of 333 feet span, across the Thames, nt London ; Thos. 
Page, eng. The space from one wall bb, to the opposite one, is 43 feet; and is built up solid with 
brickwork and concrete; except a passage-way i ft wide, and 5 ft high, along the backstay ; and a 
small chamber behind the anchor-plates. It rests chiefly on piles. 

The arrangement hy Mr Brunei, in the Charing Cross bridge,London,* is verv similar. In it also 
the eutlre abutment rests on piles; and is 40 ft high, 30 ft thick, and solid, except a narrow passage¬ 
way along the chains The backstays extend into it 60 ft. Span 676 feet. Dell 50 feet. 

(i is iutcuded merely as a general hint, which, variously modified, may find iu application In the 
case of a small temporary, or ei en permanent bridge; lor the number of pieces, f, t, Ac, may be in* 
weaned to any necessary extent; and they may bo made of iron or stone, instead of wood. 

In order that the backstays may he acceaaible, they are fra. 

quomly cun ted through openings left in the masoury for the purpose Thus, the masses, mm, 
of masonry, at A and B, Figs 44, instead of being made solid, may oonsist of two parallel •rails, 
between which the backstay may pass; and the anchor-stones, or anchor-plates, will extend 
across the space between the walls, aud have their bearings against the euda of tho walls. In I), 
E, and F, the cable mar be supposed either to be tightly surrounded bv the masonry and grouted to 
it, orelee to be surrounded by a cylindrical passage-way like a oulvert, so as to be at all times aooea- 
slbie. 

Soft friable stone must be carefully excluded from such parts of the anchorage as are most 
dlreotly opposed to the pull of the backstay*. 

If blocks of stone large enough for securing good bond are not procurable, hoary T -rails, bars of 
iron, or I-beams, may be advuuUReously Introduced for that purpose. 

The masses most be fouuded at such a depth as not to slide by the yielding of the earth In front 
of them. 

For safety, It is well to disregard the effect of friction in diminishing the tension on the backttar. 
and to regard that tension as eoatinuing uniform throughout the baokeUy to iu end. even when the 
backstay is eurved and imbedded in the masonry, as at E, Figs 44. 

The side parapet** should be high and stout, bo as to act as stiffening 

trusses, aud should not he restri cted t o service as mere hand-rails or guards. As a rule of thumb 
their depth maybe made=*4 V span, provided the depth be not less than that required fere 
hand-rail. The parapets should be stoutly constructed, with speoial attention to the strength of 
their Joints, for these are exposed, by the unduiatione and lateral motions of tba bridge, to rieleni 
deranging foroes in all directions. 


• Beaoved to Clifton, England, in 1863, aud replaced by an Iron truss railway and foot bridge. 
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The weight* In the following table of oourie Include the he&d: but the length*, a* ainaL 
We taken “ under the head, ” or are those of the I'aanks only. In practice, discrepancies of 6 or I 
per ot in wt may be e s pec ted. 





Diameters of Klvet* In Inches. 



of Shank, 
las. 

% 

« 

% 

H 

% 

1 

i X 

i a 




Weight of 100 Rivets, In pound*. 



'A 

3.0 

8.5 







% 

3.8 

9.9 

17.3 


... 



..... 

1 

4.6 

11.2 

19 4 

25.6 

38.9 



«... 

l A 

5.4 

12.6 

215 

28.7 

43.1 

65.3 

91.5 

128 

% 

. 6.2 

13.9 

23.7 

31.8 

47.3 

70 7 

98.4 

183 

% 

6.9 

15.8 

25.8 

34.9 

51.4 

76.2 

105 

142 

2 

7.7 

1G6 

27.9 

37.9 

55.6 

81 6 

112 

150 

l A 

8.5 

18.0 

30.0 

41.0 

59.8 

87.1 

119 

159 

2 

9.2 

19.4 

82.2 

44.1 

64.0 

92.5 

126 

167 

H 

10.0 

20.7 

34.3 

47.1 

68.1 

98 0 

133 

176 

3 

, 10.8 

22.1 


I'.il-R 

72.3 

103 

140 

184 

‘A 

11.5 

23.5 

38.6 

53.3 

76.5 

109 

147 

193 

2 

12.3 

24.8 

40.7 

56.4 

80.7 

114 

154 

201 

H 

13.1 

26.2 

42.8 

59.4 

84.8 

120 

161 

210 

4 

13.8 

27.5 

45.0 

62.5 

89.0 

125 

167 

218 

y t 

14.6 

28.9 

47.1 

65.6 

93 2 

131 

174 

227 


15.4 

30.3 

49.2 

68.6 

97.4 

136 

181 

236 

% 

16.2 

31.6 

51.4 

71.7 

102 

142 

188 

244 

5 

16 9 

33.0 

535 

74 8 

106 

147 

195 

253 

l A 

17.7 

34.4 

55.6 

77.8 

110 

153 

202 

261 

g 

18.4 

35.7 

57.7 

80.9 

114 

158 

209 

27(1 

% 

19.2 

37.1 

HIM 


118 

163 

216 

278 

« 

20 0 

38.5 

62.0 

87.0 

122 

169 

223 

287 

l A 

21.5 

41.2 

66.3 

93.2 

131 

180 

236 

304 

7 

28.0 

43 9 

70.5 

99.3 

139 

191 

250 

321 

A 

24.6 

46.6 

74.8 

106 

147 

202 

264 

338 

8 

26.1 

49.4 

79 0 

112 

156 

213 

278 

355 

9 

292 

54.8 

87 6 

124 

173 

234 

306 

389 

10 

32.2 

60.3 

96.1 

136 

189 

2.56 

833 

428 

11 

35.3 

65.7 

105 

148 

206 

278 

361 

457 

12 

38.4 

71.2 

113 

161 

228 


888 

491 


The dlam ef rivet* for bridge work is from to 1 inch; usually % to 
% ; and for plates more than .5 inch thick, It is about 1 5 nun's the thickness; 
and for thinner ones about twice; but these proportions are not < loselv adhered 
to. The common form of rivet* as sold is shown at It, Figs 3" a head 
and the ahank in one piuce; and S shows the same when after nemg heated 
white hot it is inserted into its hole, ami a seeoud head tconical > formed on it by 
rapid hand-riveting as it cools. When longer IIihii about H in* they 
are cooled near the middle before being inserted, lest their contraction in cooling 
should split off their heads. The hemispherical heads often seen, called snap 
head** are formed by a machine. The two head* Alone require about 
aa much iron as 8 diams length of shank. Length of a head «• about 1 
rftnin of shank ; and its width about 2 diams of shank. 


Riveting of Meant and Water Tight Joint*. 

Joint* for boiler* and water-tight cisterns are usually proportioned about 
as per the following table by Fairbalru; and are made as shown either by Fig 1, 
or Fig 2. Fig 1 is called a *ingle-ri vefed, and Fig 2 a double-riveted 
lap-joint. The dist a a, or c c, is the lap. 

Mr Fairbairn considers the strength of the single-riveted lap-joint to be about 
.56; and that of the double-riveted, about .7 that of one of the fall unholed 
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plates, when both joints 

a 


J a 


arc proportioned as in his following table. But some 
later experimeuters consider about 
.5 and .6 as nearer t he correct aver¬ 
age. Experiments on the subject 
are quite conflicting; and it is 
plain that no one set of propor¬ 
tions can precisely suit all the dif¬ 
ferent qualities of plate and rivet 
iron. With fair qualities of both 
there is every reason to rely upon 
.5 and .6 (or about one-seventh 
part less than Fairbairn’s assump¬ 
tion) as safe for practice. These 
proportions include friction (Art4), without which they would be ufand .4 and .5. 


r 

§i in 

° o !e 

i 

0 i L 

oil 

Fig 1. 

Fig 2. 


Falrbnirn's table for proportioning: the riveting for steam 
and water-tight lap-joints. 


Thickneii of 
rich pint: 

Diameter ot 
rivet*. 

Length ofnhank 
before drltiug. 

From oenter to 
center of mets. 

I.ap in tingle 
riveting. 

Lap in double 
riveting. 

Ids. 

In«. 

Ini. 

Ini 

Ini. 

Ini. 

*->« 

% 

% 


i'4 


• s 

U 


i y. 

i 'A 

2 H 

5-1G 

% 

m 

m 


3 rr 

» 

ii.fi 

% 

r* 

2 

2l£ 

© 

ZH 

15-16 

2 k 

2 y. 


4% 

74 

v/» 


8 

$ 

4? 


Riveting of iron girders, bridges, Ac. 
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Figs 3. 

Art. 1. The subject of riveting Is abstruse, and involved in 
much uncertainty; and experimental results are very discrepant. We here pro¬ 
pose merely to confiue ourselves to what is considered the best joint; and for 
safety we shall omit friction: see Art 4. In glider and bridge work the lap- 
joints above described are seldom used. Instead of them, the plates p, Figs 3, to 
be joined, are butted up square against each other, thus forming a butt-joint, 
* i, Fig D; and are united by either a single covering-plate, cover, 
wrapper, flsh-plate, or welt e «, Fig K; or the best ofall by two of them, 
as at A, or o o, o o, Fig B. In what follows, the term plate never includes the 
covers. The single cover, like the lap-joint, allows both plates and cover to bend 
under a strong pull, somewhat as at W, thus weakening them materially; whereas 
the double cover oo,oo , Fig B, keeps the pull directly along the axis of the plates, 
thus avoiding this bending tendency. It ..Iso brings the rivets into double shear, 
thus doubling their strength. W hen there is but one cover, it should be at least 
as thick as a plate; and when there, are two, experience shows that each had bet- 
ter be about as thick us a plate, although theory requires each to be 

but half m thick as a plate. M 
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file leng th w W of covers across the joint is equal to that of the joint 

Buttw require twice ns many rivets as laps, because in the lap each 
rivet passes through both the joined plates ; and in the butt through only one. 

The rivets and plate on one side only (right or left) of the jomt- 
Hne i i of any properly proportioned butt-joint D, represent the full strength 
of the joint, inasmuch as those on one side pull in one direction, against those on 
the other side, which pull in the opposite direction. Therefore in designing such 
joints we need keep in mind only those on one side, as is done in what follows. 
Thus a single, double, or triple-riveted butt-joint D implies one, two, or three 
rows of rivets 011 each wide of the joint-line i i, and parallel to it. In a prop¬ 
erly proportioned top the strength is as all the rivets, because one-half of them 
do not pull against the ot her half, but one end of every rivet pulls in one direc¬ 
tion, and its other end in the opposite direction. ^ „ 

The net iron, net plate* or net joint, is that which is left between 
the rivet holes, and outaide of the two outer ones, all on a straight line drawn 
through the centers of the holes of one row. Its width and area are called the net 
ones of the joint. That between other rows does not increase the strength. 

in Figs 3, N, and K, the rivets are in single shear, while those in A and B 
are in double shear. 

Art. 2. Bridge-joints are not required to be Mteani or water¬ 
tight like those ol boileis or cisterns; and, theiefore, l>y increasing the breadth 
of the overlap, 01 the length of the covers, the rivets maj lie placed in seveial 
rows behind each other, asthe3 row* of 3 n vets each hi M ami 1*, instead of onlj 
one row of 9 rivets, as in L. fty<*lhi'* means, \\ it limit losing any of the M length of 
ihe 9 rivets, or of the net lion, we may narrow the width of the plate io an ex¬ 
tent equal to the combined diams (6 in this cose) of the holes thus dispensed * ith 
in the one row. Moreover, by using more than one row we lessen the weakening 
effect shown at W. This mode of placing the rivets directly behind each other in 
several rows, as at M, and at She Vft-hand half of Fig D,constitutes Mr Fair- 
bairn’s chain riveting; but the loint will be somewhat stronger if the rivets 
are placed in sigEaging order, aa in the right-hand half of Fig I). 

The dint apart of the row* from cen to cen should not be less 
than 2 diams. It is questionable to what extent this increase in the number of 
rows may be carried without an appreciable loss of strength in the rivets conse¬ 
quent upon the impossibility of quite equalizing the strains on the separate rows. 
But it is probable that if we do not exceed 2 or 3 rows in laps, or the same num¬ 
ber on each side of the joint-line in butts, we may in practice assume that each 
row. and each rivet, is nearly equally strained. 

Rivet-holea are usually of about one-sixteenth inch greater diam than the 
original rivet, so as to allow the hot rivet to be easily inserted The subsequent 
hammering swells the diam of the rivet until it fills the hole. We may either 
take this increased diam of rivet into consideration, as we. have done, in calcula¬ 
ting its shearing and crippling strength, as explained farther on, or with reference 
to increased safety we may omit it. Drilled rl vet-holes are said to be better 
than punched ones, as the drilling does not injure the iron around them; but on 
the other hand their sharper edges are said to shear the rivets more readily. 
Hence, such edges are sometimes reamed off. Both these points are, however, 
disputed: and both modes are in common use. 

The (list from the edge of n hole to the end of a plate or cover should 
not be lets than about 1.2 diams, to prevent the rivets from tearing out the end 
of the plate; nor nearer the side edge of a plate than half the clear dist between 
two holes as given by the Rule in Art 5. The first i>^ rather more than l atrbuirn 
directs. 

Rivet hole* weaken ihe net Iron left between them, not only by the 
loss of the part cut out, but either by disturbing the iron around them, or perhaps 
by changing the shape of the net line of fracture, which may not then resist 
tension as well as while it was a continuous straight Hue. Borne deny both cause 
and effect entirely, each party basing its opinion on experiments. But the mass 
of evidence aeenw to the writer to show that the net iron loses on an average 
about one-seventh of the strength due to the net width With a view to safety, 
which we consider to be of paramount imjiortance, we shall in what follows 
assume ^until the question is definitely settled) that there Im such a loss of 
strength in the net iron. 

Rivaled Joint* for ronitttlng coinprewMion should depend, not as 
might be supposed upon their butting ends, hut upon either the shearing or the 
crippling strength of Ihe rivets; for contraction or bad work may throw the 



RIVETS AND RIVETING. 


pressure on the rivets. Machine riveting 1 is somewhat stronger than that 
done (as is assumed in our examples) by baud. The thickness of plate* 
used in girders, tubular bridges, Ac, is usually .25 to .5 inch; with thicker ones 
up to 1 inch sparingly in large ones. A packing piece, as the shaded piece 
in ?, is one inserted between two plates to prevent their being bent or drawn 
together by the rivets. 

Art. 3. A riveted joint may yield in three ways after being 
properly proportioned, namely, by the shearing of its rivets; or by the pulling 
apart of the net plate between the rivet, holes; or by the crippling (a kind of 
compression, mashing, or crumpling) of the plates by the rivets when the two are 
too toreibly pulled against each other. It. also compresses the rivets themselves 
transversely, at a lens strain than the shearing one: and this partial 
yielding of both plates and rivets allows the joint to stretch, and may thus 
produce injurious unlooked-for strains in other parts of a structure, considerably 
before there is any danger of actual fracture. Or in steam and water joints it may 
cause leaks, without farther inconvenience, or danger For a long time this 
crippling had entirely escaped notice, and it was supposed that the only important 
point in designing a riveted joint was that the tensile strength of the net plate, 
and the shearing streugth of the rivets should Ik* equal to each other. 

The crippling strength of anoint isastheuumberof rivets,in a lap 
oi the number on one side of the^oint-luie m a butt X diam X thickness ol jomea 
plate. This product gives the crippled area of the joint. We shall here call the 
diam X thickness of plate, the crippling area of a rivet. If there are 2 or 
more plates (not covers; on top of each other at one joint, their united thickness 
is used for finding the crippling area. The ultimate crippling unit, 
by which the above product is to l»e multiplied for the actual ultimate crippling 
■strength of the joint, may be salely taken at about 60000 tbs, or 26.8 tons, per sq 
iuch. 

The diam of a rivet in Ins to resist safely a given single-shearing 

force is found thus: Mult the shearing force by the coef of safety, that is by the 
number, 3, 4, or 6, Ac, deuoting the required degree of safety. Call the product g. 
Mult the ultimate shearing strength per sq inch of the rivet-iron, by the decimal 
.7854. Call the product ft. Divide g by ft. Take the sq rt of the quotient. The 
shearing force and the shearing strength must both be in either lbs or tons. 

Or by a formula, 

Diam in ins -4 / Shearin g f orcTX coef of safety 

V Ult shearing strength per sq iuch X .7854 

If the rivet is to be donble-sheared, first, mult only half the shearing 
force by the coef of safety. Then proceed as before. 

Or, near enough for practice, mult the diam in single shear by the decimal .7. 

The ultimate shearing unit for average rivet-iron may be taken at 
about 450(KJ lbs, or 20.1 tons per sq /neb of circular sheared section. 


Table of ultimate single shearing strength of rlveta. 

(markot sizes), in single shear; at 45000 lbs or 20.1 tons per sq inch. 

This table is not to be used when as in our “Example,” Art 5, the 
crippling strength of the rivet governs the strength of the joint. 

If the rivet is in double shear it will have twice the strength in the 
table. 

For the diam in donble shear to equal the strength in the table, mult 
the diam in the table by the decimal .7; near enough for practice; strictly, .707. 


Dliffl. 

In*. 

Diam. 

lu*. 

Tbs. 

Tons. 

Diam. 

Ins. 

Diam. 

Ius. 

lbs. 

Tons. 

1 

Diam 

lus. 

Diam. 

Ins. 

tbs. 

Tons. 

V* 

.125 

552 

.246 


.562 

11183 

4.99 

1 


35343 

15.8 


.187 

1242 

.554 

% 

.625 

13806 

6.16 


1.062 

39899 

17.8 

'i 

.250 

2209 

.986 


.687 

16705 

7.46 

iy» 

1.125 

44731 

20.0 


.312 

3452 

1.54 

% 

miiUM 

m 

8.88 

1.187 

49838 

22.2 

% 

.375 

4970 

2.22 

.812 

23.132 

H2S 

u 

1.250 

65224 

24.6 


.437 

6765 

3.02 

% 

.875 

27060 

12.1 

1.812 

60885 

27.2 

14 

.500 

8886 

394 

.937 

31064 

13.9 


1.875 

66820 

29.8 
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The tensile strength of a properly proportioned joint if. 

equally as either the sectional area of the net plate (not covers) across the cen¬ 
ters or only one row of rivets j or as the shearing or the crippling (as the case 
may be) areas of ail the rivets m a lap, or of all the rivets on one side of the 
joint-line in a butt. The tensile strength of fair quality of plate iron, before the 
rivet holes are made, averages about 45000 !bs, or 20.1 tons per sq inch; but we 
shall for safety assume, as .stak'd in Art 2, that the making of the holes reduces 
the streugth of the net iron that is left about one-seventh part, or to 38500 lbs, 
or 17.2 tons per sq inch. 

Rem. Even thin In considerably too great for laps, or for butts 
with one cover, owing to the weakening of the iron in such by the bending shown 
at W, Figs 3. But we are not speaking of such. 

Art. 4. The friction between the plnteN in a Ian, or between the 
plates and the covers in a butt, produced by their being pressed tightly together 
by the contraction of the rivets in cooling,’adds much to the strength of a joint 
while new, perhaps as much as 1.5 to 3 tons per sq inch of eirc section of all the 
rivets in a lap or of all on one side of a single-cover butt; or 3 to 6 tons of all on 
one side of a double-cover butt. In quiet structures, this friction might continue 
to exist, either wholly or in pait, for an indefinite period; but in bridges, «Xx, sub¬ 
ject to incessant and violent jarring and tremor, it is probably soon diminished, 
or entirely dissipated. Hence good authorities recommend not to rely on it, and 
it is, therefore, omitted in what follows. 

Art. 5. We now give rules for finding the number of rivets required for h 
double cover butt-joint (the only kind of which we shall treat),and their 
clear or net distance apart. This dist |- one diurn is the pitch of the rivets, m 
their dist from center to center. The principle ol the rule will be explained 
further on, at Art". 

First, select a diam of rivet cither equal to or greater than .85 tunes the 
thickness of the plate. In practice they are generally 1.5 times for plates J .. inch 
or more thick; and 2 for thinner than in. 

Second, mult the greatest total pull In pounds that can come ujioti the entire 
joint by the coef • .1, 4, or 6, Ac) of safety, and call the product n. 

Third, multiply the crippling area of the rivet (that is, its diam X the thick¬ 
ness of plate) by G0000. The prod is the ult crippling strength of a rivet. Call it m. 

Fourth, divide p by m. The quotient will be the number of rivets to sustain 
the given pull with the reqd degree of safety. 

Then, the clear distance apart will be 

Number of rows X Diam X 00000 
38500 


Fifth, The clear dist from either end hole of a row to the side edge of the plate, 
thonld be not less than half the clear dist between two rivets in a row. 

Example. A double-cover butt-joint in .5 inch thick plate is to bear an actual 
pal! of 33760 fts, with a safety of 4; or not to* break with less than 33750 X4» 
136000 tbs. How many rivets must it have; and how far apart must they be? 

First, Here .85 times the thickness of the plate Is .5 X .86 — .425 inch; there¬ 
fore, our nveta must not be less than .425 inch in diam; but we will take .76 inch 
diam. 

Second, The greatest pull X coef of safety — 33750 X 4 — 135000 lbs — p. 

Third, Tbe crippling area of a rivet X 00000 — .76 X .5 X 00000 — 22500 — m, 
p 136000 

Fourth, — — =* 8 rivets required on each side of the joint-line. 


And the clear apace or net width between them will be, if the 6 rivet* 
are in one rowt 


Diam X 60000 
38600 


45000 

38500 


-1.1688 ins 


And the pitch — net space + diam — 1.1688 -f .75 — 1.9188 Ins, — — 

-2.6fdl«m«. -‘5 

In practice, to avoid troublesome decimals, we might make the net space 1.2 Ins; 
and the pitch 1.9o; but to show farther on the working of the rule, we adhere to 
the m«>re exact ones. 

Fifth, The clear dist from each end hole to the side edge of the plate is liulf of 
1.1688 - .6844 ins. 

The entire width of net Iron is equal to one clear space X number of 
rivets — 1.1688 X 6 = 7.0128 ins; and the entire width of plat# Is equal to one 
Pitch X number of rivets. — 1.9188 X 6 — 11.5128 ins 
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Tb® Area of cross section of nnholed plate la II.6128 X A — 5.7504 sq las; Its Mo 
rile atrengtli before the boles are made la 5.7564 x 45000 - 259038 fts 

135000 

The strength of our Joint, omitting friction, iH therefore — .62 of that ofith® 
original unholed plate. J59U.J8 

If the 6 rivets are in 2 rows of 3 rivets each, the clear dlst be¬ 
tween two rivets in one row will be twice as great as before, or twice 1,1688 
= 2.3376 ins. Pitch = 2.8376 -f 75 — 3,0876 ms =- 3.0876 ■*- .75 = 4.12 diamt. 
Clear dlst from end hole to side edge of plate =» half of 2.3376 =» 1.1088. 
Entire width of net Iron - 2.3376 X 3» 7.0128 ins. Entire width 
of plate =» 3.0876 x 3 => k.2628 ins. Area of cross section of nnholed 
plat e=9.2R28x.5=4.6314 ins. Ultimate tensile strength, nnholed 

m 4.6314 X “toMO => 208413 ms. Ult strength of riveted joint, omitting 

friction — 208418 ” tIlat ***« nn * , °* e< * I’late. 

This we see that the arrangement with two rows gives the same strength aa on* 
row, with a less total width and area of plate. It of course requires Umgtr covert. 

* If the 6 rivets are in 3 rows of 2 rivets each, the area of cross 
section of the nnholed plate is 4.2565 sq ins. its tensile strength, 

135000 

191542 lbs. Strength of riveted joint — = 7 of that of the unboled plate. 

The entire width of net iron (7.0128 ins); it** area (7.0128 X -6 “ 3.6064 sq Ins): 
and its ultimate tensile strength (3.5064 X 38600 _ 185000 tbs), are the same in each 
case. The last is the required breaking strength of the joint, us in the beginning 
rf osr example; and is equal to the combined crippling strength of the six rivets. 


Art. 6. The distance apart of the rows, from center to center of 

rivets, should not be lews than two diameters of a rivet-hole. 

Hem. 1. With our constants for tension, shearing, and compression, I he 
rivets will not yield first by shearing in a double-cover butt (and 
of course in double shear), except when the diam is either equal to or less than 
85 of the thickness of the plate, which will rarely )iap[>en. At .85 the crippling 
and shearing strength of a rivet are equal when using our assumed coefl's of crip¬ 
pling, shearing, aud tension. 

Rem. 2, Our example was chosen to illustrate the rule. It will rarply hap¬ 
pen in practice that the rule will give a number of rivets without a fraction; or 
that may be divided by 2 and by 3 without a remainder. In case of a traction, it 
is plainly best to call it a whole rivet; although the joint thereby becomes a trifle 
stronger than necessary. Or rivets of a slightly ditt diam may be used. If the 
number of rivets comes out say 7 or 9, we may make 2 rows of 3 and 4, or of 4 and 
5, Ac. Moreover, the width of the plate is Irequently fixed beforehand by some 
requirement of the structure, and we must arrange the rivets to suit, taking care 
in all cases to maintain the calculated area of net iron in one row, Ac. 

Rem. 3. We have (ns we at first said we should do) confined ourselves to the 
simple butt-joint with 2 covers, and with the 
rivets in either 1, or in 2 or more parallel rows 
on each side of the joint-line; this being the 
strongest and the one in most common use in 
engineering structures. Necessity at timee 
calls for less simple arrangements, for which 
we cannot aflord space, and the strength of 
which is not so readily calculated. These 
sometimes yield results which appear strange 
,, .. . to the uninitiated; thus, this lap-joint breaks 

across the net iron of one plate, along either <• c or o n, where there is viwu oj it, and 
where, therefore, it might t>e supposed to bo the strongest. 

Rem. 4. The following table shows approximately the comparative 
strengths of the common forms of joints when properly proportioned; varying 
with quality of sheets, and of rivets; r * * * ® 



The original unholed plate. 

Double-riveted butt with two covers. 
Double-riveted butt with one cover... 
Single-riveted butt with one cover... 

Double-riveted lap. 

Single-riveted lap... 


With 

Without 

friction. 

friction. 

1.00 

1.00 

.80 

.64 

.65 

.52 

.50 

.40 

.65 

Ji% 

.50 

AO 
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Rt‘m. 5. The above tabular strengths for the lap-jolntu will be approx, 
im&tely attained by adopting the following proportions, according as the joint is 
double- or single-rlvetea. 


Calling thickness of plate. 1. .6 1. .6 

Then make diam of rivet,. 1.67 j 1.0 1.67 10 

“ “ breadth of lap.-. 9 0 5.4 5 67 3.4 

•* “ pitch from cen to cen.... 7.0 4.2 4 5 2.7 

“ “ Qist from end of plate to 1 

edge of holes. 2.0 1.2 24) 1.2 

“ “ dist apart of rows from j 

cen to cen. 3.33 1 2.0 

Rem. 6. If two or more plates on top of each other, as the 

four In A B or M H, are to be jointed together so as to act as one plato of the 
thickness c e, the diams of the rivets, and the thickness of the covers c c,ee will 
depend upon whether the junctions of the plates are all in one line with each 
other as at c c, in A B, or whether they break joint with each other as at 0,1,2, 3 
in M H. 



It is plain that the two covers c c by means of their connecting rivets convey 
from A to B, across the joint e c, all the strength that partly compensates for the 
severance of the four plates at that joint; whereas the two covers ee, ee. and 
their rivets in like manner convey from » of one single plate, to o of the adjoining 
one, across the joint between those two letters, only the strength that partly com¬ 
pensates for the severance of that single plate; and so with the joints at 1, 2, and 
8. Therefore the covers c c, and their rivets, must be four times as strong as those 
ai any one of the four joints 0,1, 2, 3. The first, r c, are to be regarded as joining 
two solid plates A and B, each of the fourfold thickness cr; and the others as 
joining two of tlie single thickness. The covers c c will, therefore, each i»e about 
two-thirds of the thickness c c; and the others each about two-thirds as thick as 
% single plate. Thut£ suppose each of the 4 plates In A B or M II to be ^ Inch thick , 
making cc 3 ins. Then each cover, c, is % ot 3 ins. or 2 ins thn k ; or the two covers, 
cc, together 4 ins, whhh is thus the eftoe’tive thickness of the joint, cc. But eari: 
cover, ee, is ouly ot •*', inch, or hu'h thick; and tin* etlwtive thickness of jolm 
at either 0,1, 2, or 3, U that of the 3 unbroken plates plus that of the 2 covers, or 
(3 X%j + (2XVj)-- 3‘/+ ins. 

Art. 7. Principle of the Rule In Art 5. With our constants for 
shearing (45000 lbs per square inch; and for crippling (60000 lbs per square inch), and 
with diameter of rivet equal to, or greater than, .85 times the thickness of the [date, 
u by our rule, the crippling strength ot a double cover butt joint will be equal to, or 
less than, its shearing strength. Therefore, to avoid waste of material, either in the 
plate or In the rivets, we must make 

ttSS** - CrtppHim itrength o* au «h. Or. 

2 v Th,ckneM v Tension Crippling area v Crippling .. Total number 
pj Bte * of plute x unit of one rivet x unit x of rheta. 
Now, by Art 3, the crippling area of a rivet is — diam of rivet X thlcknes* o4 

K e. We take the crippling unit at 60000 lbs; and the tensiou unit at 38500 ft* 
refore (transposing) we must make 

n-s .rMt). Dlaw ot v Thlckuees v Total numbei 

To“U.t »ldth _ rlrel * of X «00W X rirM 

Thicknees of plate X 38600 
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in 


By making the clear distance between each end rivet of a row and the side 
edge of the plate = half the clear distance between two rivets in a row; and 
calling the sum of the two end distances one space, we have 


Number of itpaces _ Number of rivets 
in a row in a row. 

So that 

The clear distance between two rivets in a row, 

which is 


is also 


Total net width of plate 
Number of spaces in a row 


__ Total net width of plate 
Number of rivets in a row 


dui 


I)ian. of v Thickness 
rivet x of plate 


X 60000 X 


Total number 
of rivet* 


Thickness ^ Number of rivets 

of plate x x in a row. 


Total numtier of rivets 
Number of rivets in a row 


Number of rows. 


Therefore, omitting “thickness of plate,” common to both numerator and 
denominator, we have, as m rule in Art 5, 

t'lcnr dint mire Plain of rivet X 60000 X Number of rows 
apart 38500 


But if the diameter of the rivets is less than 0.85 times th« 
thickness of the plates, the .•.hearing strength ot a double-cover butt join 
(with our assumed constants for shearing and eiippling) is less than itscripplinj 
strength. In such cases, h»r the clear distance between two rivets in a row, sa; 


t’lear distance 


Circular area of aiivet X Shearing unit 
Thickness of plate X Tension unit 


X 2 


Rem. 1. But t Joints in donble shear, or with 2 covers, being tli 
cnl.v ones here considered, and inasmuch as rivets may always be used with a dian 
greater than .86 of the thickness of the plate, we may in practice always use tin 
Rub* In Art 6 for such joints; and. therefore, we ga\e it alone. 

Bern. 2. When using: these rales for other kinds of Joint 
such as laps, or butts with angle covers, remember that tlie rivets in such are ii 
single shear; and, therefore, we can use Rule iu Art 6 (for crippling) only whei 
the dtam is cither 1.7 or more times the thickness of plate. If less, us 
Rule above for shearing* ; all on the assumption that our forageing coefs ol 
irippling and shearing are used. 


Bnt the coef for tension mast he changed for each kind of thes 

J’tber joints, to allow for the weakening effects of the bending shown at W, Fig 
as deduced approximately from experiment. The writer believes that the fol 
lowing tension units will give safe approximate results without friction. Foi 
double-cover butts, double-riveted, 38500 lbs per sq inch, as adopted above 
For double-riveted laps, or oue-cover butts, 28000. For stn(gle-rivete« 
laps, or one-cover butts, 24t)U0. But, as beiore remarked, no great certainty i 
attainable in riveting. 

Rem. 3. A Joint may fall by crippling- without the facts bein ; 
known or even suspected, for it does not imply that anything breaks, bu 
merely that the joint has stretched ; and this might not be detected even oi 
a slight inspection of it. Still it might, and probably often has sufficed to endangei 
and even destroy both bridges and roofs by generating strains where none wer 
provided for. 
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RAILROADS. 

TRACK. 

GENERAL 

1. Railroad track, as ordinarily constructed in the U S, consist* 
of the following parts. 

2. Rails. fi 83. The wheels of the rolling stock roll upon the 
heads of the rails, the wear of the wheel treads coming upon the 
upper surface of the heads, and that of the flanges coming upon 
the sides of the heads. The rails serv also as short girders span¬ 
ning the spaces betw the ties, the heads there theoretically taking 
compression, the webs shear, and the bases tension; but, since the 
rails must act as continuous girders, the stresses in the heads »Qd 
bases arc necessarily reverst over each tie. The base of I he rail 
servs also to distribute the load over the tie, and to afford a grip 
for the spikes. It offers the chief resistance against lateral flexure. 

3. Joints, 1HI 145, etc. The rail ends are held together, and In 
line with each other, by means of rail-joints, splice-bars, or “ash- 
plates/' which are clampt to the sides of the rails, near their 
ends, by means of bolts passing thru holes in both the plates and 
the rail-webs. 

4. Spikes, 90, etc, driven into the ties beside the rails, hold 
the rails down to the ties by means of their overhanging heads 
'which grip the edges of the rail bases; and their shanks resist 
lateral sliding of the rails on the ties. 

5. Tie-platen, r *1 135, etc. are largely used to distribute the 
rail pressures over a larger area of tie surface. They thus reduce 
the unit pressures on the ties, and the crushing effect of the loads. 

6. Ties, if *| 31, etc, serv to distribute, in and thruout the bal¬ 
last, the vert loads and the hor thrusts delivered by the rolling 
stock. 

7. Ballast, M 19, etc, not only takes the loads and transmits 
them to the roadbed or ground, but it usually has the additional 
function of prolonging the life of the ties by permitting water to 
flow away thru it from them. 

8. Roadbed. The track proper, Including the ballast, rests 
upon the ground, or roadbed; which must not only be of suffi¬ 
ciently firm materia! to hold the ballast and track up to level, 
but should also be so prepared as to drain away any water 
that may collect. For this purpose, ditches must often be pro¬ 
vided alongside the roadbed, to carry off the water draind from 
the track, except where the road is on an embankment. 

Specifications. 

9. Thruout this article on Track, liberal use has been made of 
Specifications and other printed records of standard practice; 
and, where such data are quoted, or abstracted, the fact Is indi¬ 
cated by the use of fooi-notes, the proper foot-note mark being 
placed both at the beginning and at the end of each such paragraf 
or quotation, accompanied, In some cases, by figures denoting the 
year of publication. 

The references most frequently made are the following: 

• foot-note refers to American Railway Engineering Associa¬ 
tion; Manual, 1915. 

t foot-note refers to Pennsylvania R R Specifications for the 
Construction and Maintenance of Standard Railroad; 1909, and 
other V R R gpecfnB, 1908-1914. 

t foot-note refers to Union Pacific R R Co Rules and Regu 
lations for the Maintenance of Way & Structures; 1909. 


•Am Ry Engg Assn. fP R R. 1UPR R. 



TRACK, 


781 


Clasftlllcatlon of Track 

Am Ry Eng Assn, Manual, 1915, p 15. 

10. Railways, and portions (“districts'') of railways, are classi¬ 
fied by the AREA, according to the volume and character of 
their traffle, as follows :— 


Class 

Class A, BorC includes 
all districts of a 
railway 

Frt car ; Passr car 
mileage mileage 
per year per year 
per mile per mile 

Max speed 
passr 
trains 
miles/hr 

A 

having (1) more than 
one main track, or 
(2) single main track, 
with traffic < 

i 

150,000 10,000 

50 

B 

single track, with traf¬ 
fic < A, and < 

50,000 j 5,000 

40 

C 

not meeting the traffic 
require ments of 
Classes A and B. 

! 




11. Single track. 

•AREA Fig 1 

Sodding of roadbed ahoulder next to ditch, and of slope* of dltcfc, 

recommended. 



Width, ins 

Depth, 

ins 

Slop* 


A 

a 

b 

D 

d 

8 

1 Crusht stone and slag 

Class A 9 . 

120 


.19 

19 

12 

2:1 

Class B . 

96 


30 

16 

9 

2 : 1 

Gravel, cinders, chats, etc 

Class A9 . 

120 


51 

19 

12 

3: 1 

Class B . 

96 


39 

16 

9 

3: 1 

Cementing gravel and chert 

Class C* . i . 

84 


18 

13 

« 

8 : 1 

tllnion Pacific, 1909 

Broken stone or slag, Fig 1 .. . 

96 

78 

30 

15 

8 

... 

Gravel, burnt clay or cinder, 
Fig 1 . 

102 

84 

36 

15 

8 


Earth, 


- S 

e e 

Fig 2 


8 and, 



e e 

pig at 


•Am Ry Engg Assn. tP R R. ttJ P U R. Sec also Specifications p 780. 

9 Class A dimensions give min depths, rf, under ties. They are 
recommended only on the firmest, most substantial and best draind 
roadbeds. 
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RAILROADS. 

TRACK. 

GENERAL 

1. Railroad track, as ordinarily constructed in the U S, consist* 
of the following parts. 

2. Rails. fi 83. The wheels of the rolling stock roll upon the 
heads of the rails, the wear of the wheel treads coming upon the 
upper surface of the heads, and that of the flanges coming upon 
the sides of the heads. The rails serv also as short girders span¬ 
ning the spaces betw the ties, the heads there theoretically taking 
compression, the webs shear, and the bases tension; but, since the 
rails must act as continuous girders, the stresses in the heads »Qd 
bases arc necessarily reverst over each tie. The base of I he rail 
servs also to distribute the load over the tie, and to afford a grip 
for the spikes. It offers the chief resistance against lateral flexure. 

3. Joints, 1HI 145, etc. The rail ends are held together, and In 
line with each other, by means of rail-joints, splice-bars, or “ash- 
plates/' which are clampt to the sides of the rails, near their 
ends, by means of bolts passing thru holes in both the plates and 
the rail-webs. 

4. Spikes, 90, etc, driven into the ties beside the rails, hold 
the rails down to the ties by means of their overhanging heads 
'which grip the edges of the rail bases; and their shanks resist 
lateral sliding of the rails on the ties. 

5. Tie-platen, r *1 135, etc. are largely used to distribute the 
rail pressures over a larger area of tie surface. They thus reduce 
the unit pressures on the ties, and the crushing effect of the loads. 

6. Ties, if *| 31, etc, serv to distribute, in and thruout the bal¬ 
last, the vert loads and the hor thrusts delivered by the rolling 
stock. 

7. Ballast, M 19, etc, not only takes the loads and transmits 
them to the roadbed or ground, but it usually has the additional 
function of prolonging the life of the ties by permitting water to 
flow away thru it from them. 

8. Roadbed. The track proper, Including the ballast, rests 
upon the ground, or roadbed; which must not only be of suffi¬ 
ciently firm materia! to hold the ballast and track up to level, 
but should also be so prepared as to drain away any water 
that may collect. For this purpose, ditches must often be pro¬ 
vided alongside the roadbed, to carry off the water draind from 
the track, except where the road is on an embankment. 

Specifications. 

9. Thruout this article on Track, liberal use has been made of 
Specifications and other printed records of standard practice; 
and, where such data are quoted, or abstracted, the fact Is indi¬ 
cated by the use of fooi-notes, the proper foot-note mark being 
placed both at the beginning and at the end of each such paragraf 
or quotation, accompanied, In some cases, by figures denoting the 
year of publication. 

The references most frequently made are the following: 

• foot-note refers to American Railway Engineering Associa¬ 
tion; Manual, 1915. 

t foot-note refers to Pennsylvania R R Specifications for the 
Construction and Maintenance of Standard Railroad; 1909, and 
other V R R gpecfnB, 1908-1914. 

t foot-note refers to Union Pacific R R Co Rules and Regu 
lations for the Maintenance of Way & Structures; 1909. 


•Am Ry Engg Assn. fP R R. 1UPR R. 
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BALLAST. 

19. Stone. *8tone broken by artificial means into ismall frag¬ 
ments of specified sizes.* Broken stone is the universally preferd 
ballast for first-class conditions. The stones preferd, in approx 
order of preference, are trap, granite (or syenite, granite contain¬ 
ing hornblende instead of mica), limestone and sandstone. 
Screenings, from the stone crusher, are commonly used in station 
platforms, and as ballust for side tracks; but they churn badly 
under the ties when wet. acquirements; —t "Trap rock, or an 

acceptable igneous or equally hard and suitable stone. 

regarded as standard material.” ('rushing stress < 12,000 Ibs/sq 
inch; limestone, < 10,000 lbs/sq inch. Must be broken in cubical 
form. Must pass thru 3" ring, but not thru 1.25" ring.f 

20. Gravel is cheap, when found near the work, and is easily 

applied. Sand and clay, In gravel, impede drainage; while sand 
snd dust cause wear of tires and journals. Requirements. 

•Pebbles to pass a 2 5 inch ring, and be retnind on No. 10 screen. 
1915.* t < 2.5 ins. 1908.f 

21. Slate. Hard — . Blast furnace slag, deposited and coold 

in air. If it contains but little free lime, it la hard and glassy, 

and, when crusht, rivals broken stone as ballast material ; but it 

sometimes affects the ties chemically. An excess of free lime 

leads to disintegration, and sometimes to setting, like that of 
mortar. 


22. Slag. Granulated — . Slag into which, when molten, 
water has been Injected. It consists of particles of very uniform 
size, about equal to that of very coarse sand grains. It is easily 
applied, and is used in yards and on side tracks. It is apt to 
•lake, solidifying, and impeding drainage, if much free lime Is 
present. 


23. Cinder. Taken from locomotiv ash-pits. Cinder ballast 
drains well, but yields under heavy traffic. It sometimes affects 
the ties chemically, especially when wet. ‘Recommended for 
branch lines with light traffic, in sidings and yard tracks near 
point of production ; as sub-ballast in wet, spongv places ; as sub¬ 
ballast on new work where dumps are settling; and at places where 
the track heavs from frost. Make provisions for wetting down 
cinders soon as drawn. 1915.* 


24. Burnt clay ballast drains well. It Is easy to work, and 
stands well under light traffic. Requirements; —*Use black 
gumbo or other suitable clay free from sand or silt. Before 
establishing kiln, test material thoroly in a small test kiln. Bum 
hard and thoroly. Fuel should be fresh, and clean enough to burn 
with a clean fire. Keep enough fuel on hand to prevent interrup¬ 
tion of burning. Cool the ballast before loaalng out of pit. 
Absorption of water > 15% by wt. 1911.* 


25. Chats. * Particles of quartz, about as large as wheat 
grains. They are the tailings from mills In which sine and lead 
ores are separated from the rocks in which they occur.* Chat 
ballast works easily. It keeps down weeds, stands wet weather 
and holds its surface well; but, owing to lack of cohesion, it is 
easily shifted laterally. It is dusty under high speeds. 


25a. Sand ballast is easily handled. It does not become plas¬ 
tic when wet; but it is heavd by frost, and, when dry, It is verv 
dusty, and therefore annoying to passengers, and Injurious to 
rolling stock, causing hot-boxes. 


25b. Dirt ballast, in wet wether, becomes mud. The more 
sand it contains, the better. 


25c. Gumbo. *A term commonly used for a particularly ten¬ 
acious clay, containing no sand.* J 

25d. Chert. *An Impure flint or hornstone occuring In natural 
deposits.* 


•Am Ry Engg Assn. fPR R, P R R. See also Specifications p 780. 
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RAILROADS. 

TRACK. 

GENERAL 

1. Railroad track, as ordinarily constructed in the U S, consist* 
of the following parts. 

2. Rails. fi 83. The wheels of the rolling stock roll upon the 
heads of the rails, the wear of the wheel treads coming upon the 
upper surface of the heads, and that of the flanges coming upon 
the sides of the heads. The rails serv also as short girders span¬ 
ning the spaces betw the ties, the heads there theoretically taking 
compression, the webs shear, and the bases tension; but, since the 
rails must act as continuous girders, the stresses in the heads »Qd 
bases arc necessarily reverst over each tie. The base of I he rail 
servs also to distribute the load over the tie, and to afford a grip 
for the spikes. It offers the chief resistance against lateral flexure. 

3. Joints, 1HI 145, etc. The rail ends are held together, and In 
line with each other, by means of rail-joints, splice-bars, or “ash- 
plates/' which are clampt to the sides of the rails, near their 
ends, by means of bolts passing thru holes in both the plates and 
the rail-webs. 

4. Spikes, 90, etc, driven into the ties beside the rails, hold 
the rails down to the ties by means of their overhanging heads 
'which grip the edges of the rail bases; and their shanks resist 
lateral sliding of the rails on the ties. 

5. Tie-platen, r *1 135, etc. are largely used to distribute the 
rail pressures over a larger area of tie surface. They thus reduce 
the unit pressures on the ties, and the crushing effect of the loads. 

6. Ties, if *| 31, etc, serv to distribute, in and thruout the bal¬ 
last, the vert loads and the hor thrusts delivered by the rolling 
stock. 

7. Ballast, M 19, etc, not only takes the loads and transmits 
them to the roadbed or ground, but it usually has the additional 
function of prolonging the life of the ties by permitting water to 
flow away thru it from them. 

8. Roadbed. The track proper, Including the ballast, rests 
upon the ground, or roadbed; which must not only be of suffi¬ 
ciently firm materia! to hold the ballast and track up to level, 
but should also be so prepared as to drain away any water 
that may collect. For this purpose, ditches must often be pro¬ 
vided alongside the roadbed, to carry off the water draind from 
the track, except where the road is on an embankment. 

Specifications. 

9. Thruout this article on Track, liberal use has been made of 
Specifications and other printed records of standard practice; 
and, where such data are quoted, or abstracted, the fact Is indi¬ 
cated by the use of fooi-notes, the proper foot-note mark being 
placed both at the beginning and at the end of each such paragraf 
or quotation, accompanied, In some cases, by figures denoting the 
year of publication. 

The references most frequently made are the following: 

• foot-note refers to American Railway Engineering Associa¬ 
tion; Manual, 1915. 

t foot-note refers to Pennsylvania R R Specifications for the 
Construction and Maintenance of Standard Railroad; 1909, and 
other V R R gpecfnB, 1908-1914. 

t foot-note refers to Union Pacific R R Co Rules and Regu 
lations for the Maintenance of Way & Structures; 1909. 
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Pecky tie. Made from a cypresB tree affected with a fungus 
disease known locally as peck. 

Pole tie. Made from a tree of such size that not more than 
one tie can he made from a section. Hewn or sawn on 2 parallel 
faces. 

(lunrterd tie. Made from a tree of such size that four ties 
only are made from a section. 

Sap tie. Showing more than the prescribed amount of sap- 
wood in cross-section. 

Shakes. Separations of the wood fiber, due to the action of 
the wind. 

Slab tie. A tie made from the first or outside cut of a log. 

Slabbed tie. Sawd on top and bottom only. 

Split tie. Made by snllttlng from a tree of such size that two 
or more ties can be made from a section. 

Strict heart tie. Having no sapwood. See also Heart tie. 

Substitute tie. Any tie other than a wood tie. 

Switch tie. Tie of a set used to support a turnout. 

Tapped tie. Made from a tree, tne resin or turpentine of 
which has been extracted before felling. 

Treated tie. A tie which has been subjected to a process 
deslgnd to protect it from decay. 

Wane tie. Squared and showing part of the original surface 
of the tree on one or more corners.* 


General. 


Dimensions, Bearing, etc. 


32. A tie, acting as a continuous beam, servs to distribute the 
rail pressures to the ballast under It, and its dimensions should 
be such as to enable it to effect this distribution with tolerable 
uniformity Where a tie is more firmly supported at the middle 
of its length than near the rails, it is said to be center-bound. A 
tie of sufficient length transmits a fair proportion of the load to 
the ballast beyond the rails, correspondingly relieving the portion 
betw the rails. The thickness is commonly about 6 or 7 inches 
A 6-inch tie is hardly stiff enough for heavy traffic, especially 
where center binding is likely to occur; and is apt to be spilt by 
the spikes, since these, when driven, extend to very near the 
lower face. Since beam stiffness varies ns the cube or the depth, 
the resistance to bending, In a 7-inch tie, is, to that In a 6-Inch 
tie, as 343 to 216, or ns 100 to 63. A thickness of 7 inches Is 
rarely exceeded except with soft woods. 

33. If more than about 40% of the rail length bears on the ties, 
the closeness of the ties interferes with tamping. The min clear 
distance, betw tics, is about 11 ins. With usual tie spacing, a 
tie thickness of more than 7 ins interferes with the work of tamp¬ 
ing. With extremely wide ties, the full bearing value is not 
always utilized because such ties are seldom as tboroly tampt as 
are narrower ones. 

34. When the spike enters the wood tangentially to the growth- 
rings, it is apt to split the tie. 

35. Ties should be laid with the heart side down, in order that 
the growth-rings shall be in such position as to shed water. 

36. Pole ties give a rail-bearing of heartwood, which resists 
abrasion better than sapwood and the bulging sideR give addi¬ 
tional bearing surface. 


37. Cutting by rails. Moisture, collecting betw rail and tie 
promotes decay; and the loud, aided by the undulatorv motion of 
the rail, cuts away the deenyd fibers. This “rail-cuitina" is the 
principal cause of tie failures. 

38. "Ties should be protected against, failure from mechanical 
fnfr ?. eaDs . n °n tie -P Mei1 and acreuy-apikes AREA Ptoc, 
I»I5 VOI lo. p OJA 

•“The use of treated ties wherevei practicable Is recommended."* 


•Am Ry Engg Assn. tP R R. tU P R R. See also Specifications p 780. 
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Woods. 

30. Cedar is light, and resistB decay well; but Is easily crusht 
by the rail. On tracks having light traffic, or where protected by 
tie plates, cedar ties may last from 15 to 20 years. Sound dead 
cedar makes us durable ties us live cedar. 

White oak ties are preferd. When well seasoud, they hold the 
spikes very firmly ; and resist rail cutting until the wood decays. 
Life, from 5 to 10 years; average of many roads, 8V4 years. A 
sawd and seasond white oak tie, 7 ins x 0 Ins, 8 ft long, weighs 
about 185 lbs. 

Rock oak is less tough than white oak. Its life la about the 
same. 

Southern yellow pine ties last from 4 to 0 year# In the south ; 
and from 8 to 12 years in the north. 

Chestnut ties last from 7 to 0 years. Chestnut checks badly 
in the sun; but holds spikes well, and Is of medium hardness 

Redwood Is soft, but durable. Redwood ties, with tie plates, 
last from 10 to 14 years. 

Wild cherry, locust and walnut ties last about 8 years. 

40. Specifications. * Woods usable for ties without prcscrvativ 
treatment: white oak family, long-leaf strict heart yellow pine, 
cypress (other than white), redwood, white cedar, chestnut, oatalpa, 
locust (other than honey), walnut, black cherry.* 

•Woods preferably requiring a preiervatii' treatment approved 
by the purchaser: red oak family, beech, elm, maple, gum, loblolly, 
short-leaf, lodgepole, western yellow pine, Norway, North Carolina 
pine and other sap pines, red fir, spruce, hemlock, tamarack.* 

Switch-tics. tTJsnble without preaervafiv treatment; white 
oaks, black locust, black walnut, black cherry, longlcavd pines. 
Usable only after preermativ treatment; red oaks, beech, hickories, 
hard maples, birches. 19134 

See also under Turnouts, Part I, 128, etc. 

Dimensions. 

41. Classification. Dimensions from Am Ry Eng Assn Manual, 
1915, p 59. 


Volume of one tie, in cub ft 


•Class 

Thick- ; 
ness, ; 

Face 

width 

! length, 8 ft 

Length, 8 5 ft 

Length, 9 ft 


Ins. i 

Ins. 

i cub ft 

cub ft 

cub ft 

*A 

Y 1 

10 

!’ 3 889 

““ 4.132 

4.375' 

B 

7 1 9 

3.500 

3.719 

3.938 

C 

7 ! 8 

3.111 

3.305 

3.500 

D 

6 

9 

3.000 

3.188 

3.375 

E 

6 I 8 

2.667 

2.833 

3.000 


• Permissible excess! —In thickness, % Inch; in width, 2 ins; 
In length, 1 inch. In pole ties with rounded sideB, and in half 
round ties, the face width may be < above ( < 6 ins), provided 

cross-section area < that corresponding to tabular dimensions. 
Thickness, ^ 0 inB.* 

Spacing;. 


42. Number of ties required under one rail length :— 


-- - 

On main 

On side 

In yards 


, running 

tracks & 

nnd on 


tracks 

branches 

aidlnge 

SS-ft rail 

■ 18* 

i 18* 

16* 

f If ties are < standard. 

20 * 



f According to wt of traffic. 

16 to 20f . 

iet • 

14t 

SO-ft rail 

10* 

it* ; 

14* 

If ties are < standard, 

. 



Per .hotter rail*, one a proportional number of ties.* 



•Am By Hngg Assn, fl’ R It. *U r> R R See alBo Specification. p T86. 
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Maximum allowable distance between bearing surfaces. 

fBetween joint ties, 11 Ins; betw intermediate ties in main running 
tracks, 18 ins.f 

Tie Timber Conservation. 

43. On account of increasing scarcity and cost of tie timber, re- 
course is had (1) to chemical treatment, fi fl 44, etc., (2) to fores¬ 
try, H U 54, etc, for the growing of trees for use as ties, (3) 
to reduction of wear on ties, as by tie plates, fl fl 135, etc., and 
(4) to the use-of ties of other materials, as steel or reinforced 
concrete, fl II 61, etc. 

Preservutivs. 

44. The economy of treated ties lies not only in their Increast 
length of life, but in the reduction of the labor of tie renewals and 
of the resulting disturbance to the embedment. 

45. Inferior timber. Chemical treatment, and the use of tie 
plates, permit tin* use of timbers not otherwise suitable, and of 
sound dead timber. 

46. Steaming. For thoroly nir-seasond ties, preliminary vacu¬ 
um < 24 ins mercury, maintaind < 10 mins. Preservativ then 
admitted without breaking the vac.* 

* For ties not thoroly air-seasond, a pressure of 20 lbs per sq 
inch must he att.iiud within from 30 to 50 mins, aud maintaind 
(not exceeded! from l to 5 hrs, depending upon character and con¬ 
dition of timber. \ vent must be kept open, in bottom of cyl. or 
in drain therefrom, for escape of air and condenst steam. After 
steaming, vacuum < 24 ins of mercury at sea level (corresponding 
degs of vac at other altitudes) maintaind for half hour. Preserva- 
tiv then uduiitted without breaking vac.* 

* Fnsousonil ties, which are to he ereosoted. may be given long 
steaming or seasoning in hot creosote oil.* 

47. "Zinc chlorid trentment (Burnettlzinj?). See also p 1135. 
Solution, boated to *: 140° Fahr. to be admitted without other¬ 
wise ledming vacuum. Wood must absorb 0.5 lb dry soluble chlorid 
per cu ft Solution must be only strong enough to give this 
absorption, and > 5%. Steam pres maintained in steam coils of 
machine during treatmt.* 

* Chlorid must be slightly basic, without free acid; Iron 
> 0.25%.* 

* Sample borings to be taken, from time to time, from < 6 ties 
treated in the same run. Bore-holes to be tightly aud completely 
closed with ereosoted plugs.* 

* Ties must be allowed to dry (iu order to harden surface) 
before placing in truck.* 

48. *Zlnc chlorid, tannin and «Iue Trentment. See p 1135. 

Zinc chlorid as above. Solution then blown or run off. Ties draind 
15 mins. 2% tannic acid solution (6.67 lbs of 30% extract of tan¬ 
nin to 100 lbs water) applied half hour under pres of 100 lbs/sq in 
Tannin solution run off. and 1% glue solution (2.1 lbs glue, con¬ 
taining 50% gelatin, iu 100 lbs water) applied for half hour under 
same pres.* 

49. *Creoi»ote. See p 1134. Coal-tar creosote oil ; at 38* 
Centigrade, completely liquid, and < 1.03 sp gray; > 3% water; 
heated to 160° Fahr. Pressure, 100 lbs/sq inch.* 

50. *Zlnc-creo«ote Emulsion. Emulsion to contain < 10% 
creosote. Heated to < 140° Fahr. Pres. 100 lbs/sq inch. Wood 
to retain an avge of 0.4 lb dry soluble chlorid and from 1.25 to 
1.5 lbs creosote, per cub ft. Zinc-ehlorld solution not stronger than 
3.5% ; to contain > 0.25% iron. 


•AmBy Engg Assn. fP B E. tU PRB. See also Specifications $780. 
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51. • Two-lnJectlon Zinc-creosote. Zinc solution not stronger 
than 5% ; heatod to < 140° Fahr. Wood to recelv 0.3 lb dry 
soluble chlorid per cub ft. Solution then run off. creosote oil, 1 -Uf 
Fahr, Immediately admitted and pres applied; 3 lbs oil per cub ft. 
Water, exceeding 6%, to be removed.* 

52. Lifa. Creosoted pine ties last about 15 yrs, ereosoted oak 
18 yrs. and creosoted beech 20 yrs, in main track; and giv subse¬ 
quent servis, about one third as long, in side track.- 
Seasoning, etc. 

53. Unseasond ties to be piled for seasoning; green,ties separate 
from partly seasond ties; all resting on treated stringers, with 
< 6 ins air space under lowest tier; top tier laid sloping, to form 
a water shed. Betw piles, leave alleys, 4 ft clear width in one 
direction, 1 ft in the other. Required degree of seasoning to be 
determind by test, finding that weight at which each wood will 
best receive the treatment. Tics threatend with checking must be 
protected by S irons, bolts or other devices Adzing or boring, for 
tie-plates or screw spikes, must be done before treatment. 

Forestry. 

54. Culture of timber should be undertaken only by expert for 
esters. We here outline only fundamentals of general interest to 
engineers. 

55. Felling season. Whatever season is selected for felling the 
trees, the ties made from them should have at least six months 
for seasoning before going into track. However, the seasons for 
cutting and for tie renewals come so close together, that this Is 
difficult to ohscrv without holding the ties over a year. * Timber 
cut preferably from Oct to Mar;* fSep to Mart 

53. Bark should be peeld soon after felling, to hasten evapora¬ 
tion and to prevent "souring". Placing ties in track, with bark 
on, not only hastens decay, but renders the ties more inflammable 
• Bark to be removed from all ties before their delivery to the Co. 
1915.* 

57. Methods of cutting trees and of cutting ties from trees are 
usually wasteful. Wood Is frequently lost by leaving unnecessarily 
large stumps, and thru failure to follow as far up as possible into 
the tree; large trees sometimes affording ties from their branches. 
Much is frequently lost by cutting trees which are only large 
enough to afford pole tics (one from each section) ; whereas, by 
waiting five or ten yearB, two ties could be obtaind from a section. 

58. Forestation. The early practice was to plant only rapidly 
growing trees; but it has been found that other important con¬ 
siderations (such as liability to attack by parasites, low strength 
or short life In the track, etc) may well lead to the selection of 
slower-growing trees. Each tract of available ground, too, should 
be carefully studied as to what species it can best produce. It is 
frequently better, also, to develop existing imperfect timber lands, 
than to attempt complete reforestation from the seed. 

59. Fire prevention may frequently warrant considerable expendi¬ 
tures for patroling, especially in dry wether. 

Dating Nall*. 

60. *Iron or steel, evenly galvanized, % inch diam, 2^ ins long, 
head % Inch diam, stampt 1/16 inch deep with 2 numerals % inch 
long, designating the year. Nall driven in upper face of each 
treated tie, 10 ins inside of mil, on line side of track, on the day 
of laying. Each treated tie stampt also with year, on both ends, at 
treating plant, before treatment • 
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Substitute Tien. 

General. 

61. A substitute tie is “any tie other than a wood tie.” Am Ry 
Eng Assn I’rocs, 1915, Vol 16, p 522; Ties Committee Report. 

62. Owing to the rapidly increasing scarcity of suitable timber, 
substitute ties nie largely used iu Europe; and their use, experi¬ 
mentally or in service, has been activly taken up by many Ameri¬ 
can railroads, including some important systems. 

The use of substitute ties involvs so radical a change in R R 
practice that considerable experience in their use will be required, 
to determin satisfactorily their rolativ advantages and disudvan 
tages. 

63. Owing to their uniformity in cross-section, in strength, and 
in hearing surface, substitute ties (and, especially, steel ties) hold 
track to hotter line and surface, and the rail wear is more uniform. 
Wood ties, even those of tin* same wood, vary m quality when laid, 
compressing unequally under a given load, and they deteriorate 
rapidly and unequally under exposure When fully ballasted, steel 
ties furnish a smoother-riding and quieter track. 

Substitute ties are heavier than wood ties and more expensive 
in first cost It ’»as been found difficult to provide satisfactory 
rail-fastenings. See Screw-spikes. 1i li 107, etc. 

With the growing use of electric signal circuits, the matter of 
insulation has become one of importance; and, in general, substi¬ 
tute ties offer greater difficulties in this respect. 

Substitute ties, laid alternately between wood ties, hasten the 
detenuration of the lattu. 

Other things equal, the greater weight of substitute ties tends 
to greater stability iu track. 

Substitute ties are either steel, concrete (usually reinforced) or 
composit (composed essentially of two or more materials). Am Ry 
Eng Assn, 1‘rocs, 1915, Vol 6, p 522. Ties Committee Report. 

Steel Ties. 

64. Types. In Europe, much use has been made of “longitudi¬ 
nals” or ‘steei sleepers, placed under, and parallel with, the rails, 
and of inverted cast Iron “bowls”, placed opposit each other, under 
the rails, at inteivals. and connected by tics extending across the 
track: but, in America, practice and experiment with substitute 
ties have been practically confined to oross ties having functions 
generally similar to those of the wooden tie. 

65. The earlier experiments were with inverted trough ties; and 
such tics are still used under light traffic: but the inverted-T 
type, represented by the Carucgie steel tie. fl 70, etc, is much the 
most largely used. 

86. A flat bottom, as distinguish from one having downward 
projections, facilitates tamping. 

67. The fastening consist generally either of bolts and clips, 
or of wedges. They should permit adjustment for differences of 
gage and of rail section. 

68. The cost of steel ties is usually from 4 to 6 times that of 
good oak ties; but the steel should have a longer life than the oak 
tie, and considerable scrap value when no longer available for tie 
purposes. 

69. Merits and demerits. Steel ties hold track absolutely to 
gage. Owing to their uniformity in cross-section, in strength and 
in bearing surface, they hold track to better line and surface; and 
the rail wear is more nearly uniform than with wooden ties. 

In the absence of sufficient data from experience, their life la 
usually estimated at two or three times that of wood ties. 
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Owing to their small metal cross-section, steel ties require more 
ballast than do wood ties of the same external dimensions. 

When steel ties have been puncht with square holes, splitting has 
been found to begin in the comers of such holes. 

Steel ties are exposed to deterioration from rust especially in 
damp situations, such as tunnels, and under brine drippings from 
refrigerator cars. Protectiv coatings have been used; but these 
are difficult of application to ties in service. 

The all-steel tie is a satisfactory substitute under heavy medium- 
speed traffic. It is durable. Line and surface can be maintaind 
(see Maint costs, JJ 73). It has sufficient resilience, and*can be insu¬ 
lated. The fastenings are usually inadequate. Am Ry Eng Assn 
Procs 19112, Vol 13, Comm on Track. 

70. Carnegie. Figs 4 represent the steel tie of the Carnegie 
Steel Co. A, plan of whole tie; B, side elevation ; C and 1), en¬ 
larged cross-secs at win and op. Fig A, respective : K and F , plan 
and elevation showing rail and standard fastenings In rock or 
coarse gravel ballast, and on descending grades under heavy traffic, 
the lower flange may be crimpt, as shown in .4, B and 1); but this 
interferes with ballast tamping. The tie may be puncht for two 
weights of rail. 




Fig. 4. 


Dimension*. In ins, etc 


Section 

Ibs/ft 

Tie, 8.5' 
long, 
wt, lbs 

l>eptb 

lower 

flange 

width 

upper 

flangp 

width 

web 

thickness 

M 24 

9.5 

81 

3 

5 

3 

13/64 

M 25 

14.5 

123 

4 54 

6 

4 

1/4 

M 21 

20 

170 

'•54 

H 

4 Vi 

1/4 

M 28 

27.8 

236 


10 

5 

5/16 


The fastening allows about % Inch play, vert and hor, In the 

rail. 

71. Insulation consists of % inch fiber, of which there Is (1) a 
plate betw the steel tie plate shown in Fig 4 F and the top of the 
He, CM a washer under the rivet washer, aDd (3) a bushing around 
the rivet shank. 

72. The first Carnegie steel ties were placed on the Bessemer A 
Lake Erie (a Carnegie-controlled road) in 1904. They have stood 
well under heavy freight traffic at moderate speeds. Under high 
speeds, their rigidity has been found objectionable. 

Owing to restriction of movement betw rail and tic, they have 
been found to reduce creeping. 

In trancing, It has been found that a gang can handle more of 
them than of wood ties, in a given time. 
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As a protection against rust, they have been dipt in hot tar, at' 
a cost of 5 cts each. 

The insulation (see fl 71) has been found to work well while in 
good condition ; but, In 3 or 4 years, the fiber plates wear, and the 
bolts become loose in consequence. See 73. Many have been 
removed upon the Installation of automatic signal systems. 

The cost may be taken at from $H.(>0 to $2.60 per tie; with 20 
cts additional, per tie, for fastenings. This is rather more than 
double the cost of wood ties. 

73. On the Pittsburgh d Lake Erie, Carnegie steel ties, with 
bolt-and-clip fastenings, were laid in new limestone ballast, Aug 
1007, on 4400 ft of main line freight tracks, speeds to 30 miles/hr. 
Maintenance costs ns follows. 

1008 1000 1010 1911 1912 Total $/mile 

per yr 

White oak $417 95 128 116 94 850 204 

Carnegie steel $280 153 428 184 348 1393 334 

In 1911, the white oak tie track was renewed once; the steel-tie 
track three times. The first 17 liber plates gave out, cut by rail 
base; 20 holts loose in steel-tie clips. In 1912 the cost included 
$102 for renewing 1000 fiber plates. •‘Practically no siguul trouble 
whatever " 

Other roads have reported less trouble In track maintenance than 
with wood ties. 

74. Annual loss of weight, due to rust, attrition, etc., has been 
variously reported, from diff roads, as ranging from 0.7 Ib/tie, or 
0.40%, in slug or gravel, to 4.5 Ibs/per tie. or 2.55% in cinder. 
After s< ven years of service, they have shown little external evi¬ 
dence ot corrosion. Laid on the Pittsburgh. Shawmut & Northern 
in 1907, and reported as giving "eminent satisfaction" in 1913, 
they appeared to be "falling quite rapidly of late” in 1915. 

Carnegie ‘•teel ties, laid on the Erie in April 1909, were found 
rusting and depreciating in salt atr in 1913. 

75. On the Duluth, Mlssabe & Northern, they gave great Batin- 
faction as substitutes for wooden ties which had given great trouble 
on swampy ground. 

76. Where wedge fastenings are used, trouble has been experi¬ 
enced in keeping them tight. 

77. On the Lake Shore & Mich Southern, near Sandusky, under 
heavy traffic at high speed in 1905-6, Carnegie steel ties were laid, 
with a wooden block fastend on top of the upper flango under each 
rail at each tie, at a cost, complete, of $2.25 to $2.50 per tie. The 
blocks were fastend by bolts, passing thru metnl U-straps under the 
tie. This, by confining the wood libers, increast the pulling resist¬ 
ance of the spikeB. Up to 1908, these ties gave no more trouble 
than wood in regard to Insulation ; but trouble with the insulation 
was experienced later; and all of the ties had been removed, In 
1915, on account of softening of the timber. 

78. The L S & M S, near Toledo, in 1907, laid Carnegie steel ties 
from which the upper flanges bad been removed, and to which two 
wooden blocks, one on each side, had been bolted thru the tie-web 
under each rail, and bearing on the tie flanges; the rails being 
spiked to the wooden blocks as to a wooden tie. 

In 1910 these were reported “in fine shape", and to have "held 
surface and line as well as any track on the L S & M S.” 

79. The inverted-trough section, owing to its downward projec¬ 
tions, is unfavorable to tamping. Hence, It is made shallow, and 
this renders the tie weak vertically. It is still used under light 
traffic, as in industrial, construction and mining trackB, etc. 
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80. Pips 5 show two forms of the Carnegie steel trough or 
channel tit, with their fastenings. 

The following sections are furnisht, dimensions In inches:— 


Section 

lbs per ft 

Depth 

Extreme width 

Web thickness 

Fig 

M 19 

2.5 


4 

•/„ 

5 a 

M 26 

3.2 


4 »/,« 

% 

5 a 

M 20 

6 

*> 

6 

*/«. 

5 6 

M 27 

9 

5 Vi 

7 

Vi 

56 




FIr. 




For mine t cork, the clips are prest out of. or riveted to, the 
horizontal portion of the tie itself. 

In 1900-1901, heavier Carnegie steel trough ties, weighing 199 
lbs each, were installed on the Itessemer tfe Lake Erie. After 8 
years' service, they had lost 2.5 Ibs/tie/yr, = 1 25%/yr, and showd 
no appreciable wear under the rails. 

Concrete and Composite Ties. 

81. Merita and demerits. Concrete and composite ties arc usu¬ 
ally heavier than steel ties for the same service; but less expensiv. 
Months are required for proper set of concrete. Cone surfaces, if 
not protected by metal, are vulnerable to blows, as in derailments. 
It is difficult to provide satisfactory fastenings. Their weight and 
the roughness of their surfs are favorable to lateral stability, and 
the absence of downward projections is favorable to tamping and 
to removal. The cone itself furnishes tolerable insulation for sig 
nal circuits; but there is danger of contact thru the reinforcing 
metal. 

They have generally faihl, by reason of brittleness, exceseiv 
weight (rendering haudling difficult) and deterioration of the fill¬ 
ing when this is of asphalt mastic. 

Am Iiy Eng Assn Frocs, 1912, Vol 13. Report of Tie Committee. 

82. The following records of experience with composit ties 
may be of value as indicating what has been done and what should 
be avoided, in making such ties. 

82n. 1:2:3 concrete, reinforced by 2% inch longitudinal wrot 

iron pipes and a sheet 5 X 8.5 ins of heavy wire netting, under 
each rail. Weight. 321 lbs; fastenings, 35 lbs additional. $1.50 
to $1.73 each. 

82b. Trapezoidal, with batterd endB. Reinforced by coil of wire 
mesh, No 16 gage, % inch pitch, and by V/' rods. Cost $1.50 each. 
In Scully yard, Penna Lines West Installed 1906, in cinder ballast, 
under heavy slow traffic. Kails spiked thru tie plates to wood 
blocks: 16 ties to 30-ft, 85-lb rail. Crumbled under rails. Bolts 
loosend. Rail creeping turnd clips around, unclamping rail. 

82c. An Inverted 65-lb scrap rail, Imbedded in concrete. Bnt- 
terd endR. Narrowd. at center ot track, to width of rail flange. 
Thla narrowing preventR lateral movement. $0.95 4- fastenings and 
180 lbs scrap rail. 

L 8 k M 8. Still in track, in good condition. R R Ga*, 1908 
May 1, p 594. 
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Pg Ft W & C. Placed 1903. All removed 1906. Cone broke away 
from steel. 

Placed 1903. Light medium-speed traffic. Broke. 
Removed 1903. 

"The most successful of all the cone ties I have seen, and under 
favorable conditions it certainly makes a tine looking track." 
Stands derailments well. Rock ballast may be too rigid. Gravel 
may be better. A:n Ity Eng & M W Assn, Procs 1907, Vol 8, p 465. 

A REM W A Bulletin 108, Feb 1909, p 174 glvs favorable ac¬ 
counts from L S Sc M S, and unfavorable accounts from Penna 
Lines, Chicago Junction, Lake Erie & Western. 

RAILS, Ac 
General 

83. Weight. Rails weighing from 75 to 85 lbs/yd are In com¬ 
mon use ou lines of heavy traffic; but 90-lb and 100-lb rails are 
used under extremely heavy traffic. Still heavier rails have been 
rolled, but difficulties In their mfr militate against their extersiv 
use. 

84. Length, standard— *33 ft at 60° Fahr; 1915.* f33 ft at 
60 ° Fahr 10% of order accepted In lengths of 30 ft, 27.5 ft and 
25 ft. Variation »f V\ inch from specified lengths allowd. 1912.t 
Ralls 60 ft long are sometimes used at highway crossings, etc, to 
avoid the occurrence of Joints under the planking and paving, 
where they would be inaccessible for tamping. They are used, also, 
In track in general, to reduce the number of joints. 

Behavior 

85. Wear of rails is most rapid on sharp curvs, where the 
flanges grind against the side of the rail head. It decreases as the 
sharpness of curvature decreases. On curvs, the wear of the top 
of the rail head is very small in comparison with that of the side 
of the head. 

SO. On tangents, rail wear occurs principally on the top of 
the head, and is due to the tractiv effort of the loco drivers and 
to the slipping of v heels of unequal diams fastened to the same 
axle. 

87. On grades, and at stations, owing to necessary increase of 
tractiv effort, both in starting and in stopping, rail wear is greater 
than on level track or betw stations. 

88. The allowable limit of wear of top of rail heads is generally 
taken at abt % inch; but, before this limit is reacht, the rail must. 
In many cases, be removed on account of roughness of running sur¬ 
face. causd (1) by slivering of the metal, or (2) by bending and 
exeeBslv wear at the rail ends, especially at the receiving end of 
the rail In double track. 

89. Life of rails is variously estimated at from 100 to 250 mil¬ 
lion tons of traffic past over them, depending partly upon alinement 
and grades, and upon condition of track. 

90. Voder heavy traffic or on sharp curvs, the rails may have to 
be turnd end for end, or renew d, as often as once in two years. On 
rapid transit lines, renewals of rails on curvs must In many cases 
be made much more frequently, in some instances oftener than 
annually. 

91. “Corrugation* of rail heads has become very annovlng and 
expensiv, especially on curvs and In track traverst by electric roll¬ 
ing stock. It consists of a series of low worn spot3 on the rail 
head, the spots being usually some fraction of a foot apart. No 
agreement seems to have been reacht as to the cause, in spite of 
numerous theories put forward. V plausible theory is that, since. 
In rounding a curv, one wheel or the other of a pair must silo 
longitudinally, the slipping may take place in jerks, the truck 
frame and the axle being alternately twisted slightly and releast. 
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Thp low frlc coef of siippin? would pormlt an approrlnhl<• tih)i nt 
tnnd ronspnupnt ext’&ssiv weiirl uionc th*‘ r oil top before one other 
nothe othermid then, when rolling of both wheel, 
ZTrleZbZht tbe High’ static Me coef of rolling would pjjrj., 
slipping until the curv hud been tworst far ® "JP 1 

slipping once more. Wheels, ’traversing & ™rr. ™u-t slip side- 
wise as well, and this, like the longitudinal slipping, may take 

S tace in jerks simultaneous with the longitudinal slipping; and 
lese slips probably resolr themselves into a (Matronal slip An 
other theory, based largely upon the observation that corrugations 
vary with tie-spacing, etc., attributes corrugation to vibrations of 
the track and ground. 


Composition, requirements, etc, 

MHgent of Specifications. 

R, American Railway Association. “Recommended Practice” proposed 
by Committee on Standard Rail A Wheel Sections, March 23, 1908. 

W, American Railway Engineering A Maintenance of Way Association. 
“Manual of Recommended Practice,” 1907. 

M, American Society for Testing Materials. Standard Specifications, 
adopted Sep 1, 1907, Procs, 1907, Vol VII, p 44. 

C, American Society of Civil Engineers. Specifications recommended by 
Special Committee on Rail Sections, July 9, 1907, amended Jan 1908, 
Procs, Aug 1907, Vol XXXIII, No 6, p 290; Feb 1908, Vol XXXIV, 
No 2, p 85. 

A, All - R, W, M, (’. 

Composition. 

Composition, R. American Railway Association. 

lb* per yd 60 70 80 00 100 

Re*iNeiiier. 

Carbon %* 0.37-0.47 0.40-0.50 0.43-0.53 0.45-0.55 0.46-0.56 

Manganese % 0.80-1.10 0.80 1.10 0.S0-1.10 0.85-1.15 0.90-1.20 

Phosphorus ^ * > 0.10: sulphur % > 0.075, silicon % 0.10 t > 0.20. 


Open lleurtli. 

lb* per yd GO 70 80 90 IOO 

Carbon %t 0.50-0.60 0.55-0.65 0.60-0.70 0.65-0.75 0.70-0.80 

Manganese % 0.75 to 1.00 for all weights; 

Phosphorus %t > 0.04; sulphur r ’ r > 0.06 ; silicon % 0.10 to 0.20. 


Composition, M. Am Soc for Testing Materials. 

lbs per yd 50 to 59 60 to 69 70 to 79 80 to 89 90 to IOO 

Bessemer and Open Hearth. 

Carbon %% 0.35-0.45 0.38-0.48 0.40-0.50 0.43-0.53 0.45-0.55 

Manganese % 0.70-1.00 0.70-1.00 0.75-1.05 0.80-1.10 0.80 1 10 

Phosphorus % > O.lOt; silicon % > 0.20. 


Composition, W, C. Am Ry Eng A M W Assn, Am Soc Civ Kngrs. 

lbs per yd 70 to 79 80 to 89 90 to 10» 

Bessemer. 

Carbon %.-• 0.50 0.60 0.53 0.63 0.55-0.65 

Manganese %.0.75 1.00 0.80-1.05 0.80-1.03 

Phosphorus % > 0.085 ; sulphur % > 0.075; silicon % > 0.20, 

Basic Open Hearth. 

(Full chemical determination for each heat.) 

lb* per yd 70 to 79 80 to 89 90 to IOO 

Carbon %.0.53-0.63 0.58-0.68 0.66-0.75 


♦With lower phosphorus. carbon should be increased in proportion, 
tWith higher phosphorus, carbon should be reduced in proportion, B. 
I Carbon may be reduced to suit local conditions. W. 
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Manganese % > 0.90; phosphorus % > 0.05; sulphur % > 0.06; 
silicon % > 0.20. 

Manufacture. 

Ingots kept vertical (in the pit-heating furnaces, W, M, €) until ready 
to be rolled, or until the metal in the interior has had time to solidify, A; use 
of “bled" § ingots forbidden, A. 

“ Diseard/'f to be sheared from end of bloom formed from top of ingot, 
sufficient to insure sound rails, R: subject to agreement, M; < 25%, more 
if necessary unti! steel appears solid, W, 


Shrinkage. Number of passes and speed of train to be such that, 
on leaving the rolls at the final pass, temp of rail shall be > to require,at 
the hot saws, a shrinkage allowance, for 33 ft 100 lb rail, of 6.5 ins, R; 
7%<i ms, M : 6 7 /i« ins, W,€: inch leas for each 10 lbs decrease in sec¬ 

tion, R: ^6 inch less for each 5 lbs, W. M, C; allowance decreased 0.01 
inch, M (Vfo inch, W, C) for each secotul of time between leaving finishing 
rolls and sawing, W, M, 

t ooling. Rails must not be artificially cooled between “leading” and 
“finishing" passes, R; or after leaving the finishing rolls, R. 4': between 
finishing pass and hot saws, W, M; or held, before sawing, to reduce temp, 
R, C. 

Brand. Maker’s name, weight of rail, month ahd rear of mfr, rolled 
in raised letters on web ; number of blow stamped on web where it will not 
be covered by splice Lars, At also “A" on rails from top of ingot, then 
■•B," “C,” etc, consecutively; “A” omitted where top discard < 20%; 
“A” rails shipped in separate cars, R; open hearth rails to be marked 
• OH,” R. 

straightening. Rails on hot beds to be protected against contact 
with water or snow, R; rails, varying > 5 ins, M. € (,> 3 ins, W, R) from 
a straight line in any direction, on reaching cold-straightening machine, 
or having short kinks, to be classed as 2nd quality, A ; ami so marked, R; 
»nd so stamped, W. M. supports of rails in gagging press 42 inr 
apart, It, W. Ms supports to have flat surfaces, R: finished rails to b« 
straight in line and surface and smooth on head, final straightening to b< 
done cold, sawn square on ends, variations > Vss inch; saw burrs removed 
and ends cleaned before shipment, A. 


Permissible Variations. 

In section. In hight, V »2 inch, R: Vfc* inch less, Vi »2 inch greatet 
” • M, C; in flange width, Vie inch, A : rail must conform to fit of spliev 
bare, R, W, €. 

In weight. 0.5 % on entire order; rails accepted and paid for by actual 
weights, A. 

I 11 length. 0.25 inch, A. Standard length, 33 ft, A: 10 % of ordei 
accepted in lengths of 30, 28, 26 and 24 ft, R; in lengths varying, by 
even feet, to 27 it, W, M, Vi all No 1 rails < 33 ft to be painted green 
“on the end,” W, M; on both ends, R, €. 


Tests. 

“Tup,” 2000 lbs, A: striking-face radius, 5 ins, R; > fi 


lbs per yd 60-80 90-100 _ 45-55 55-65 65-75 75-85 35-100 

fall, ft 16 17 18, Rt 35 16 17 18 19, M; 

lbs per yd 70-79 80-89 90-100; 
fall, ft 18 20 22, W, C. 

Temperature of test pieces between 32° and 100° F. R. Renort to 
state atmospheric temp, W, M. ©port to 


1 J , f erl0 / °f which the liquid (Steel has escaped, R* 
IJMetal from top of Ingot, whether cut from bloom or from rail, R. 
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Acceptance and Rejection. 

If niece breaks without showing “pipe” or physical defect, all rails from 
that neat are rejected, R. 

If broken piece shows “pipe” or physical defect, the top rail from each 
ingot of that heat is rejected, and the inspector selects a piece from a rail 
not from top of ingot. If this piece breaks, the rest of the rails of the heat arc 
rejected; if not, they are accepted, R. 

If first test piece does not break, it is tested to destruction. If it then 
show’s “pipe” or physical defect, the top rail from each ingot is rejected, the 
rest accepted. It not, all the rails of the heat are accepted, R. 

If test piece breaks, two additional tests are made of other rails (taken 
from top of ingot, W, M, C) from same blow. If either additional test fails, 
all the rails of the blow are rejected. If not, ull are accepted, W, M, C’. 

02. Manganese steel rails, both cast and rolled, and rails of 
other special steels, are used on curvs of city rapid-transit lines 
Steam roads have used such rails but little, if at all, altho man¬ 
ganese steel is largely used in switch and crossing frogs. Some 
early manganese cast steel rails, used on curvs In Boston subways, 
altho ten times more expensiv than ordinary rails, lasted twenty 
and more times longer. 

Where a more durable rail is used, rail renewals are less fre¬ 
quent. On the Boston curvs mentlond, ordinary rails required 
renewal twice in about 3 months. 

Rail Sections, 

Am Soc C E Standard Rati Sections. 





Fig. 6. 


93. Fig 0. Transnt fi'int. June 1 Will, \ol 2* No. 0, pp 423 etc 
[Tina! Report of the Committee on Rail Sections, 
lu ail sizes, 

Radius of top of head = radius of side «,f web — 12 

inches; 

Other radii tin inches) and angles, ns shown in Fig; 
Base-width, f = rail bight, a: 

Distribution of crosB-see area; in bead, 42%; In web. 21%; 

in base, 37%. 

The following properties of ASCE rails are from Carnegie 
’ocket Companion :— 

A s= cross-section area; 

V = height of grav een above base; 

/ = inertia moment, p 408; \ 

X = section modulus, p 407 ; } about axis x . * 

r = gyration radius = I/A ) 
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For standard rail sections of Am Ry Assn, see pp 798, 799. 

For those of Am Ry Eng Assn, see fl 94. 

For chemical and physical requirements of rails, see pp 794- 
796 and 1159-1153. 

Bold-faced figures give Dimensions In sixty-fourths of an 
inch. 


A in sq ins; y and r in inches. See also and ||. 


1 Rail wt, 












LLUM 


| lbs per yd 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

s 

= t 

224 

236 

248 

260 

272 

284 

296 

RBI 


332 

344 

356 

368 


b 

65 

68 

72 

75 

78 

82 

86 

91 

96 

99 


ITiEl 

trm 


0 

119 

126 

132 

139 

145 

152 

158 

163 

168 

176 

£ 

rm 

Ea 


d 

40 

42 

44 

46 

49 

E33 

52 

54 

56 

57 

£ 

60 

leu 


e 

120 

128 

136 

144 

152 

154 

156 

158 

ITiTil 

164 

7: 

172 

176 


0 

25 

27 

28 

EU 

31 

32 

33 

34 

35 

36 

36 

36 

a» 

A 

sq Ins 

3.9 

4.4 

4.9 

5.4 

5.9 

64 

6.9 

7 4 

7.8 

8.3 

8.8 

9.3 


y, 

ins 

17 

1.8 

1.9 

2.0 

2.1 

2.2 

‘) «> 

2 4 

2 4 

2.5 

2.5 

27 

2.8 

I 

H 

66 

mm 

9.8 

11.9 

14.5 

If;* II 

FTjTjJ 

Eg 



*|| 



X 

II 

3 6 

4 2 

4.9 

5.8 

ESI 


■:#tl 

E ; 

tap 

■ fejni 

iPxil 

itiin 


r. 

ins 

ilETil 

1.35 

1.42 



EMI 

ESQ 

EE 

£fi 

ml 

m 
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94. Heavy rnll sections. Am Ry Eng Assn, Manual, 1915, 

pp 77-83. See Fig, n 798. 


Bold-faced figures give linear dimensions In 64ths of an Inch. 


(Areas in square Inches. See also fl and jl ) 




Adopted 

Procs, Vol 16, 1915, 
pp 397, 1117. 

Submitted 

by Committee 

Lbs/yd Nomnl 

90S 

100 

110 

120 


mm 

Act! 

89.96 101.49 

110.36 

120.87 


■n 

« 

360 

384 

400 

416 

432 

448 

b 

04 

106 

110 

114 

118 

122 

c 

202 

210 

218 

226 

236 

244 

d 

64 

68 

72 

76 

78 

80 

e 

164 

172 

178 

184 



t 

328 

344 

352 

368 

384 

^KTiTil 

0 

36 

36 

38 

40 

42 

44 

cot h 

4 

4 

4 

4 

4 

4 

i 

363 

176 

181 

187 

194 

201 

m 

896 

696 

890 

896 

896 

896 

n 

24 

24 

24 

24 

24 

24 

Area, sq ins 
head 

3.20 

3.80 

4.04 

4.40 

4.63 

4.93 

web 

2.12 

2.26 

2.49 

2.69 

3.02 

3.28 

base 

3.50 

3.90 

4.29 

4.76 


5.37 

total 

8.82 

9.96 

10.82 

11.85 

12.71 

13.58 

Inertia Mom 

n 

38.7 

49.0 

57.0 

67.6 

77.4 

89.2 

Section Mod 
X|| 
head 

12.56 

15.1 

16.7 

18.9 

20.8 

23.1 

base 

16.23 

17.8 

20.1 

23.1 

25.6 

28.4 


“No new designs for sections under 100 lbs are proposed.” 


HI = inertia moment, in biquadratic inches. See p 468. 
\\X = section modulus in square inches. See p 478. 

5Identical with Am Ry Assn’s OOlb rail, type A, p 799. 
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Acceptance and Rejection. 

If niece breaks without showing “pipe” or physical defect, all rails from 
that neat are rejected, R. 

If broken piece shows “pipe” or physical defect, the top rail from each 
ingot of that heat is rejected, and the inspector selects a piece from a rail 
not from top of ingot. If this piece breaks, the rest of the rails of the heat arc 
rejected; if not, they are accepted, R. 

If first test piece does not break, it is tested to destruction. If it then 
show’s “pipe” or physical defect, the top rail from each ingot is rejected, the 
rest accepted. It not, all the rails of the heat are accepted, R. 

If test piece breaks, two additional tests are made of other rails (taken 
from top of ingot, W, M, C) from same blow. If either additional test fails, 
all the rails of the blow are rejected. If not, ull are accepted, W, M, C’. 

02. Manganese steel rails, both cast and rolled, and rails of 
other special steels, are used on curvs of city rapid-transit lines 
Steam roads have used such rails but little, if at all, altho man¬ 
ganese steel is largely used in switch and crossing frogs. Some 
early manganese cast steel rails, used on curvs In Boston subways, 
altho ten times more expensiv than ordinary rails, lasted twenty 
and more times longer. 

Where a more durable rail is used, rail renewals are less fre¬ 
quent. On the Boston curvs mentlond, ordinary rails required 
renewal twice in about 3 months. 

Rail Sections, 

Am Soc C E Standard Rati Sections. 





Fig. 6. 


93. Fig 0. Transnt fi'int. June 1 Will, \ol 2* No. 0, pp 423 etc 
[Tina! Report of the Committee on Rail Sections, 
lu ail sizes, 

Radius of top of head = radius of side «,f web — 12 

inches; 

Other radii tin inches) and angles, ns shown in Fig; 
Base-width, f = rail bight, a: 

Distribution of crosB-see area; in bead, 42%; In web. 21%; 

in base, 37%. 

The following properties of ASCE rails are from Carnegie 
’ocket Companion :— 

A s= cross-section area; 

V = height of grav een above base; 

/ = inertia moment, p 408; \ 

X = section modulus, p 407 ; } about axis x . * 

r = gyration radius = I/A ) 
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Note. To avoid the printing: of fraction*, linear dimension! 

(except for 72; see foot-note ft. below), are given In bold-face, 
and are in aixty-fourtha of an inch. Areas are in square inches. 

Lower-case letters a, h, c, etc, refer to dimensions of rail end 
splice-bar. Splice-bar dimensions are figured on the right-hand 
bar. CAPITALS refer to dimensions of joint, or of the combination 
of rail and splice-bar. 



inertia moment, in biquadratic inches. See p 468. 
section modulus in square Inches. See p 473. 
mean radius in inches 

= area in sq ins ~~ periphery in Inches; 

* m S =r 100 (7 for 2 bars) -f- (7 for rail) 

|Adopted by Am Ry Eng Assn, Manual, 1915, p 78. See I 9s, 


[7 = 

= 
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Am Ry Assn, Ralls and Joints, (concluded). 

(Areas in sq ins. If ft) 




2.21 

2.68 

3.05 

3.20 

3.64 

2.28 

2.76 

3.07 

3.56 

3.95 


1.41 

1.49 

1.65 

2.12 

2.29 

1.14 

1.34 

1.54 

1.70 

1.89 

base 

2.24 

2.65 

3.16 

3.50 

3.91 

2.45 

2.79 

3-30 

3.61 

4.01 

total 

5.86 

6.82 

7.86 

8.82 

9.84 

5.87 

6.89 

7.91 

8.87 

9.85 

% 

37.7 

39.3 

88.8 

36.2 

36.9 

38.8 

40.1 

38.8 

40.1 

40.2 


24.1 

21 8 

21.0 

24.0 

23.4 

19.4 

19.5 

19.5 

19.2 

19.2 

base 

38.2 

38.9 

40.2 

39.8 

39.7 

41.8 

40.4 

41.7 

40.7 

40.6 

i 

15.41 

21.05 

28.8 

38.7 

48.94 

13.3 

18.6 

25.1 

32.3 

41.1 

r II 

6.50 

8.21 

10.24 

12.56 

15.04 

5.90 

7.79 

9.38 

11.45 

13.70 

base 

7.24 

Ml 

12.46 

15.23 

17.78 

6.80 

8.62 

11.08 

13.21 

16.74 

*tt 

2.35 


1.93 

1.90 

1.80 

2.10 

1.99 

1.79 

1.68 

1.64 

web 

3.12 

3.07 

3.57 

3.30 

3.21 

4.38 

4.10 

3.67 

3.65 

3.60 


3.48 

•3.20 

2.52 

2.63 

3.29 

2.94 

2.76 

2.72 

2.58 

2.49 

total 

3.12 

3.00 

2.50 

2.52 

2.92 

2.90 

2.72 

2.53 

2 42 

2.37 

Bar 











l bars 











Ibs/ft 

21.76 

23.94 

27.14 

33.64 

38.28 

19.44 

23.60 

26,24 

29.04 

34.48 


6.40 

7.04 

7.98 

10.26 

11.26 

5.72 

6.94 

7.72 

8.54 

10.14 

r f 

6.69 

7 93 

10.54 

17.47 

21.70 

4.30 

6.42 

8.69 

10 88 

14.40 

ri 

3.45 

3.93 

4.72 

6.87 

8 28 

2.53 

3.45 

4.41 

5.18 

6.26 


Railroad Spikes. 

M. The hook-headed spikes t. commonly used for confln- 
<1 ing rails to the cross-ties, vary within the limits of the 
following table; the lightest ones for light rails on short 
local branches; and the heaviest ones for heavy rails on 
t first-class roads. The spikes are sold in kegs usually of 
150 lbe. For the weight of spikes of larger dimensions, we 
may near enough take that of a square bar of the same 
length. What is saved at the point suffices for the add!- 
V tlon at the head. 

Dimensions, etc._ 


Size in ins. No. per keg No. per Size in ins. No. per keg No. per 

-ength | Side of 150 lbs. 100 lbs. Length | Side ofi50lb». 100 lbs. 



inertia moment, in biquadratic inches. See p 468. 
section modulus In square inches. See p47S. 
mean radius in inchcn 
area in sq ins -*• periphery in Inchet; 
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87. Quantity per mile. A mile of single-track road, with 33- 
ft mils, and 18 ties per rail length, with 4 spikes to each tie; will 
have 160 rail-lengths, and 2880 ties, and 11 520 spikes, or about 
39 kegs of 5*4 by 9/16, which weighs a trifle more than ^ Ib/spike. 

98. But an allowance must he made for gard rails at roatf-cross- 
ings. which we may assume to be 33 feet wide, or the length of 
a rail. A gard will usually consist of 4 extra rails for protecting 
the track rails, and spiked to the 18 ties by which said track rails 
are sustalnd. Consequently such a crossing requires 18 X 8 
= 144 additional spikes. For turnouts, sidings, loss, etc, we 

may roughly average (allowing for about 1 mile of extra track 
in the shape of turnouts and sidings in each 15 miles of road) 
900 spikes more per mile; thus making in all (assuming one 
road-crossing/mile) 11.520 -f 144 + 900 = 12,564 spikes/mile, or 
say 43 kegs of 150 lbs each. 

00. Adhesion of Spikes. Professor W. R. Johnson found that 
a plain spike .375, or % inch square, driven 3% ins into seasond 
Jersey yellow pine or unseasond chestnut, required about 2000 lbs 
force to extract it ; from seasond white oak, about 4000; and from 
well-seasond locust, about 6000 lbs. Bevan found that a 6-penny 
nail, driven one inch, required the following forces to extract it: 
Seasond beech, 667 lbs; oak. 507; elm, 327; pine, 187. 

100. Very careful experiments in Hanover, Germany, by Engi¬ 
neer Funk give from 2465 to 3940 lbs (mean of many expts, about 
3000 llis), as the for«e necessary to extract a plain V& inch square 
iron spike, 6 ins long, wedge-pointed for 1 inch (twice the thickness 
of the spike), and driven 4 V 2 inches into white or yellow pine . 
When driven 5 ins the force required was about 1/10 part greater. 
Similar spikes, 9/16 inch square, 7 inches long, driven 6 inches 
deep, required from 3700 to 6745 lbs to extract them from pine; 
the mean of the results being 4873 lbs. In all cases about twice 
ag much force wax required to extract them from oak. The spikes 
were all driven acroxx the grain of the wood. Experience shows 
that when driven vith the grain, spikes or nails do not hold with 
much more than half as much force. 

101. Jagged spikes, or twisted ones (like an auger), or those 
which were either sweld op diminisht near the middle of their 
length, all proved inferior to plain, square ones. When the length 
of the wedge point was Increast to 4 times the thickness of the 
spike, the resistance to drawing out was a trifle less. 

102. When the length of the spike is flxt. there is probably no 
better shape than the plain square cross-section, with a wedge- 
point twice as long as the width of the spike. 

103. Behavior. The hook-head spike is, in time, workt upward 
by the undulatory motion of the rail. In being driven, it crushes 
the libers of the wood; so that (particularly in soft woods) they 
fail to withstand the lateral pressure of the spike. The spike hole 
is thus so enlarged that the spike loses its hold; and water, enter¬ 
ing the hole, hastens decay. 

104. Steel. *Finlsht spike must show no sign of fracture (a) 
when bent back on Itself thru 180° and hammerd down, (b) when 
head is bent backward cold, (e) when body is twisted cold thru 
1.5 turns.* 

♦Max permissible variation, from dimensions shown: thickness, 
1/32 inch; length under head 0 inch less, V4 inch more; thickness 
of head, 1/16 inch; angle of hook,, 1°.* 

105. Holes, 1/16 inch less in diam than the thickness of the 
spike, are sometimes bored for the reception of the spikes. They 
prevent the crippling of the wood flbers by the spike, and thus 
Increase the resistance of the spike to vert pull, and that of the 
wood to the lateral thrust of the spike. 


•Am Ry Engg Assn. tP R R. $U P R R. See also Specifications p 780. 
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106. Tie-Plugs. Wooden tie-plugs, shaped like the body of the 
spike, and driven Into the spike holes when the spikes are pulled, 
prevent decay by excluding water. If a spike is afterward driven 
into the same hole, the plug increases its hold in the tie. fAir- 
dried wood; cut longitudinally with grain; opp sides parallel; cut 
square at driving end; 4.5 ins long; 11/16 inch sq; chisel-pointed 
for 0.5 inch at one end. 1910.f 

Screw-Spikes. 

107. Screw-spikes are expenslv and time-consuming (see Costs, 
U U 118, etc) in installation, and in subsequent renewals or other 
changes; but they prolong the useful life of the tlo perhaps two to 
three-fold, and hold the track in better shape and for a longer time, 
thus rendering renewal less frequent. Their use may thus reduce 
total installation and total maintenance costs. 

On the Lackawanna, 5 years’ use necessitated no increase in the 
number of sectlonmen per mile 

Resistance. In general, screw-spikes offer two or three times 
the resistance of cut spikes to direct pull, and greater resistance 
to lateral thrust, and they maintain these resistances much longer. 
They thus reduce liability to derailment, and damage resulting from 
derailment. 

108. Corrosion may so reduce the size of the head as to cause 
loose fit in the wrench socket, and thus render removal difficult. A 
taperd head (Fig 8) obviates this difficulty to some extent; hut 
machine driving (see U fl 130. etc) causes alternate engaging and 
slipping in the socket and rounding of the corners During 5 years’ 
use on the Delaware, Lackawanna & W’n, no screw-spike was 
found rusted within the tie. 

When the head broken off, removal is generally impracticable. 

108. A ralsd letter or device, on the top of the head, betrays 
any use of the hammer in driving 

110. VnrlntlonH in rail section increase the difficulty in the 
use of screw-spikes. 

111. Behavior. In general, the screw-spike, by holding rail and 
tie In contact, compels them to rest or move (as the case may be> 
together. When they move together vertically, the tie may exert 
a prejudicial churning or a beneficial tamping action upon the 
ballast, according to the character of the ballast and other cir 
cumstances. Some roads prefer to hold tie-plate fast to tie, and 
allow some play betw rail and tie-plate. 

112. As the hole must always be bored In advance, the screw- 
spike Is le.likely to split the tic than is the cut spike driven in 
an unbored tie. 

113. Owing to compression of tie and to increasing closeness of 
contact betw tie, tie-plate and rail, in service, newly driven screw- 
spikes must usually be tiyhtmed once or twice, at Intervals of some 
months: but thereafter they retain their hold with little or no 
further attention. 



I£*| LjgSsJ 


Fig. 8. 


114. Dimensions. Fig 8 represents the standard screw-spike of 
the D L & W R R, 1915. Dimensions in inches. Other designs 
•how head flat oh the under side, and without taper. See ff 115. 
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114a. The design, once adopted, should not be changed, as any 
change would greatly increase the difficulty of the us? of screw- 
spikes. 

115. In order to protect the spike against bending under lateral 
pressure, its head, on each side of the spike, must be well sup¬ 
ported, as by properly formd clips, or lugs on the tie-plute, or by 
fitting the spike-head to the rail-flange. 

118. Dowels. Hardwood or metal dowels or plugs, driven or 
serewd into holes prepared for them, and tapt internally for the 
screw-spike thread, are advantageously used, especially in soft¬ 
wood lies, either when the spikes are find driven, or after the 
spike lias begun to loosen. If of wood, they are treated before 
insertion. The large hole, required for the dowel, necessarily 
weakens the tie somewhat. The dowel acts as a colum, and thus 
diminishes indentation of the tie. If of wood, the fiber Is vert, 
and, after driving, the top of the dowel is cut ofT flush With the 
upper surf of the tie. The dowels are indefinitely renewable during 
the life of the tie. 

117. The Thlolller steel coild spring or helix has been used as 
a dowel on several Am Kits and In France. Difficulty has been 
found in placing and in removing the helix. 

117n. The I.nkhov»ky cast-steel split-sleeve, serewd Into the 
tie, and expanding as the spike is driven, has been used in France. 

HR. Costs. Screw-spikes cost from 2 to 3 cents each, or 2 to 
3 times as much as cut spikes. Hardwood dowels, tapt outside 
and Inside, 1.5 cts each. 

119. The costs of the several' operations Involvd vary widely 

with conditions. Thus, placing 2 tie-plates, boring 4 holes and 
driving 4 screw-spikes, cost 13.74 cts /tie when boring and driving 
was done h\f hand; 4.N9 els on sett tie id it ork with a machine hav¬ 
ing two drills and one driving tool; and 2.9 cts ou continuous work 
with machine having two drills and two driving tools. 

129. Boring. Mr. J. W. Kendrick, Am Ry Eng & M W Assn. 
Procs 1910, Vol 11, Part 1, p 025, says:—"A proper machine at 
the treating plant \\''l bore and plug (500 ties with 8 plugs each, 
per day of 10 lirs, at a cost of 3.5 ets/tie” — 0.4375 cent/plug; 

but, in estimating cost/mile, Mr. Kendrick takes "boring ties for, 
and driving, 24,000 dowels” (8 per tie) at 1 cent each, presumably 
for field work. # 

121. Use. Screw-splkps have long been quite generally used on 
Important lines in Europe, and they are now largely used upon a 
few such lines in the l) S. uotubly upon the Santa V6 and the 
D L & W. 

122. “Ties should be protected against failure from mechanical 
wear by means of tie-plates and screw-spikes.” Report of Com¬ 
mittee on Ties. Am Ry Eng Assn, Procs, 1915, Vol 16, p 522. 

123. Tie-plates. The use of tie-plates without bottom flange* 
(see fi H 135, etc) is generally considerd essential to satisfactory 
service with screw-spikes, bee li fl 115 and 111. 

124. The tie-plate is sometimes screw-spiked to the tie, and the 
rail held by cut-spikes driven thru slots in the tie-plate. 

125. Joint*. During the first 2 years (1910-11) of its use of 
screw-spikes, the D L & W used malleable iron joint plates, and 
the angle bars, were slotted for cut-spikes. One screw-spike was 
used on the outside of the outer angle bar. Later, all joint plates 
have been rolled, and screw-spikes used in angle bar slots, with 
one extra screw-spike on outside of tke angle bar. 

126. Driving. Any screw-spike driving tool should be so ar¬ 

ranged as to release when the spike is driven home and thus pre¬ 
vent overdriving. This is commonly arranged by providing a 
friotion drive. • • 

66 
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127. Hand driving, altho inexact, and much more expenBiv and 
time-consuming than machine driving (see fl f 119, etc), must be 
used where only a few spikes are to be driven, and on very busy 
tracks (upon which a machine-car cannot be allowd) unless elec¬ 
tric or air power can be brought to the tool. 

12S. For hand-driving, the simplest tool is a vert spindle, with 
a spike socket at its foot, and a bor cross-arm, or ratchet device, 
at its head. 

129. A crank-driven hand machine, for drilling and driving, 
mounted upon an adjustable tripod, and having a hor crank shaft 
bevel-geord to the vert spindle, invented by Prof. A. L. Smith, of 
the Worcester Polytechnic Inst, Worcester, Mass., is* described in 
Bulletin 50, Forestry Bureau, p 53. Under test, this machine drove 
two screw-spikes while three cut spikes were being driven. It 
may be operated by power. 

130. Potrer-drivcn machines range from small electric or pneu¬ 
matic drivers, held by hand, or gasolene motor cars, which the 
crew can lift from the track, to formidable collections of drills and 
drhers, installed at the treating plant or mounted upon double¬ 
truck cars to save cost of handling ties and to facilitate their re¬ 
moval from the track. They are usually fitted with rail-saws, 
emery wheels, etc. The larger machines are provided with coun¬ 
ters, showing the number of lies liandld, and with an exhaust 
system for the removal of shavings. 

131. The Snow gasolene motor ear has a gasolene motor, driving 
a generator which supplies current, thru a cable, to the boring and 
spiking tools, which may be 1000 ft distant from the car. The 
car may thus be kept on a side track, out of the way of trains. 
It weighs, complete, 3-100 lbs, and carries ten men besides the 
driver. It usually nvs 2000 to 2300 spikes/dav. It can travel 50 
miles/hr. Fuses blow out when excessive resistance is encountered, 
thus protecting the spikes against overdriving See fl 12B. 

132. The "au-tra-kar”, a small gasolene car, can drill a spike 
hole in an oak tic in from 5 to 10 secs, and drive a spike in about 
20 secs. 

133. ftperd. By power, one man can drill 0 holes while 1 is 
being drlid by hand, and can drive 5 screw-spikes while 2 men 
drive 1 with cross-haudld socket-wrench. 

134. A doir cling machine, used by the Santa F£. had 4 tools; (1) 
for boring dowel holes. (2) for threading these holes, (3) for in¬ 
serting the dowels, and (4) for cutting oft projecting dowel-ends 
and facing the tie. It could plug the ties for 4000 ft of track per 
day, while another machine drove the spikes required for the same 
diet. 

A single bit will drill 11,000 holes, 1500 holes betw sharpenings. 

The hole should be bored deeper than the length of the spike 

If bored thru the tie, it will facilitate the removal of shavings. 

Tie Plates 

135. Need. Where the rails bear directly upon the ties, the 
great unit pressure of the narrow rail base, the churning action of 
the rail under passing wheels, and the hastening of decay by the 
bruising of the wood fibers, cause rapid wear of the tie imme¬ 
diately under the rail. 

136. Saving. Tie plates greatly lengthen the life of the tie. On 
curvs and bridges, the saving, in a number of cases, has been 
estimated at 50% in cost, and 00 to 75% in labor. The tie plate 
has often displaced small gangs of men whose sole duty it was 
to replace ties. 

137. Type*. The tie-plate Is placed on the tie, immediately 
under tne rail. Spikes, holding the plate and the rail in place, are 
driven into the tie thru holes in the plate. Some forms have two 
or more ribs on the lower side. These ribs stiffen the plate; and. 
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114a. The design, once adopted, should not be changed, as any 
change would greatly increase the difficulty of the us? of screw- 
spikes. 

115. In order to protect the spike against bending under lateral 
pressure, its head, on each side of the spike, must be well sup¬ 
ported, as by properly formd clips, or lugs on the tie-plute, or by 
fitting the spike-head to the rail-flange. 

118. Dowels. Hardwood or metal dowels or plugs, driven or 
serewd into holes prepared for them, and tapt internally for the 
screw-spike thread, are advantageously used, especially in soft¬ 
wood lies, either when the spikes are find driven, or after the 
spike lias begun to loosen. If of wood, they are treated before 
insertion. The large hole, required for the dowel, necessarily 
weakens the tie somewhat. The dowel acts as a colum, and thus 
diminishes indentation of the tie. If of wood, the fiber Is vert, 
and, after driving, the top of the dowel is cut ofT flush With the 
upper surf of the tie. The dowels are indefinitely renewable during 
the life of the tie. 

117. The Thlolller steel coild spring or helix has been used as 
a dowel on several Am Kits and In France. Difficulty has been 
found in placing and in removing the helix. 

117n. The I.nkhov»ky cast-steel split-sleeve, serewd Into the 
tie, and expanding as the spike is driven, has been used in France. 

HR. Costs. Screw-spikes cost from 2 to 3 cents each, or 2 to 
3 times as much as cut spikes. Hardwood dowels, tapt outside 
and Inside, 1.5 cts each. 

119. The costs of the several' operations Involvd vary widely 

with conditions. Thus, placing 2 tie-plates, boring 4 holes and 
driving 4 screw-spikes, cost 13.74 cts /tie when boring and driving 
was done h\f hand; 4.N9 els on sett tie id it ork with a machine hav¬ 
ing two drills and one driving tool; and 2.9 cts ou continuous work 
with machine having two drills and two driving tools. 

129. Boring. Mr. J. W. Kendrick, Am Ry Eng & M W Assn. 
Procs 1910, Vol 11, Part 1, p 025, says:—"A proper machine at 
the treating plant \\''l bore and plug (500 ties with 8 plugs each, 
per day of 10 lirs, at a cost of 3.5 ets/tie” — 0.4375 cent/plug; 

but, in estimating cost/mile, Mr. Kendrick takes "boring ties for, 
and driving, 24,000 dowels” (8 per tie) at 1 cent each, presumably 
for field work. # 

121. Use. Screw-splkps have long been quite generally used on 
Important lines in Europe, and they are now largely used upon a 
few such lines in the l) S. uotubly upon the Santa V6 and the 
D L & W. 

122. “Ties should be protected against failure from mechanical 
wear by means of tie-plates and screw-spikes.” Report of Com¬ 
mittee on Ties. Am Ry Eng Assn, Procs, 1915, Vol 16, p 522. 

123. Tie-plates. The use of tie-plates without bottom flange* 
(see fi H 135, etc) is generally considerd essential to satisfactory 
service with screw-spikes, bee li fl 115 and 111. 

124. The tie-plate is sometimes screw-spiked to the tie, and the 
rail held by cut-spikes driven thru slots in the tie-plate. 

125. Joint*. During the first 2 years (1910-11) of its use of 
screw-spikes, the D L & W used malleable iron joint plates, and 
the angle bars, were slotted for cut-spikes. One screw-spike was 
used on the outside of the outer angle bar. Later, all joint plates 
have been rolled, and screw-spikes used in angle bar slots, with 
one extra screw-spike on outside of tke angle bar. 

126. Driving. Any screw-spike driving tool should be so ar¬ 

ranged as to release when the spike is driven home and thus pre¬ 
vent overdriving. This is commonly arranged by providing a 
friotion drive. • • 
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•For shipment, plates wired together in bundles of uniform 
number, weighing > 100 lbB. 1915.* 

Use. 

142. t‘‘Tie plates should be used on all ties in high @peed tracks 
on curvs of 2“ or over; on all ties in track subjected to heavy 
service; on all switch ties, and ties on turntables, ashpits, bridges 
and trestles; at water stations and track troughs, and thru all 
road crossings and station platforms. Tie plates should be used 
on all soft wood ties and on all ties that have been treated."! 

fUnless otherwise directed tie plates will be applied as follows 
whenever rail or ties are renewed. ("Soft wood"'includes all 
treated or untreated ties except oak) ; 

On new lines: on all soft wood ties in main track; 

On main lines: on all soft wood ties in main track; 

On branch lines; on all soft wood ties on curvs of 3* and 
sharper, and on all treated ties whether on curv or on tangent; 

On sidings; on all switch ties and on all curvs of 3° and sharper, 
and on all treated ties whether on curv or on tangent.! 

Rail UrarfN 

143. Rail braces are used to prevent track spreading, especially on 
curvs. For 5° curvs, five rail braces per 33-ft rail suffice For 
10* curvs, a rail brace is used on each alternate tie. 


Alkins Forged- 
Steel Brace 


Ajax Rdwards Rail Brace 

Oast-Steel Brace iiDd Tie Plate 

Fig. 10. 




144. Fig 10 shows three types of rail brace in common use. 

Joints. 

145. The tendency of a track, to yield at the joints. Is detri¬ 
mental both to track and to rolIlng-Rtock. 

The end of a rail, upon which a loaded wheel is moving, bends 
more than the adjacent unloaded end of the next rail, which thus 
receive a severe blow from the wheel. 

14ft. When the ties are insecurely bedded, no rail-joint can be 
expected to do good service. 

147. Snapended Joints (those where the rail-ends meet at a 
point betw two ties) are generally preferd to supported Joints (In 
which they meet directly over a tie). 

148. The expansion coefficient, In steel rails, may be taken at 

0.000 006 5 ft/ft/deg Fnhr. Henee, a 33 ft rail, (390 ins) under 
an increase of 60° Fahr in temp, will lengthen by 396 X 00 X 
0.000 006 5 = 0.154 inch. The rails are also elongated slightly, 

at their ends, by the traffic passing over them. 


•Am Ry Engg Assn. fP R R. |U P R R. See al^o Specifications p 780. 
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149. Rail creeping: (See fi fl 163, etc.) brings additional stresses 
upon the joints. Creeping occurs in the direction of heaviest 
traffic, and where the truffle is equal in both directions, the creep¬ 
ing is in the direction of down-grade. 

150. If, in the two lines of rails forming a track, the icrtnt# 
placed opposlt to each other, they are called “even Jolntr l 
while “staggered” or “broken” joints are those where each Joint, 
in one of the lines of rails, is opp to the middle of u rail in the 
other line. In the latter and more usual case, the jar of passing 
from rail to rail is less severe than with even joints, but of course 
twice as frequent. 

151. To lessen this jar. rails have been cut with bey eld or 
mlterd ends, so that the vert plaue, forming the rail-end makes 
an angle of 45° to 60° (instead of the usual right angle) with the 
longitudinal vert plane of the rail web. 

152. Angle platen. Figs 7, have practically supplanted all 
other forms of joint. Their hor flanges give lateral stability to the 
joint, and carry part of the load directly to the ties, thus relieving 
the rail-ends to that extent. 

153. The slot k in the flanges of the angle bar should be so spaced 
that the two spikes driven into a tie for each rail, shall not be 
diiectly opp to each other, but “staggered”, in order to reduce the 
danger of splitting the tie. 

154. Uflual dimensions, etc, for angle-bar rail joint*. 


Angle bars Bolt holes Bolts 




lbs 

■ 

diam 

leugth 

diam 

lbs/yard 

ins 

per pair 

No 

ins 

ins 


70 

40 

70 

« 

'»/.« 

4 

•% 

7r 

40 

76 

G 

% 



85 

40 

80 

6 

1*/36 

4>C* 

% 

90 

27 

— 

4 

1 

4 % 




155. Bridge Joint. Fig 11. In the bridge joint, the hor flange 
of the angle bar is rolled wider than usual, and its middle portion 
Is prest downward by dies, forming a girder, Q, which extends 
downward betw the two joint-ties. This increases the vert strength 
of the joint, and the broad flanges increase the bearing surface of 
the load and increase the lateral strength of the joint; hut the 
downward-projecting flanges (requiring to come between two ties) 
restrict the liberty of placing the joint with respect to the ties. 
See end of If 168. Figs 11 represent the Bonzano bridge joint 
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156. Other prominent types of angle-bar joints. Figs 12. 



100% Weber Wolhaupter Continuous 



Duqm'Mie Braddock 

Fig*. 12. 


157. Abbott. In the Abbott rail-joint, invented by F. E. Abbott. 
Inspecting Engr, Lackawanna Steel Co. the upper edge of each 
angle-bar is slightly deprest, at center, in order to keep it away 
from the bottoms of the rail-heads, at the joint, and thus to avoid 
the wear and cutting of the top of the angle bar by the rail-heads 
at that point. 



158. Fisher. Figs 13. In the Fisher joint (Fisher Rail Joint 
Works, Trentpn, N. J.) the rail bases, at their ends, are supported 
by a flanged plate, F, placed under the rail base and bolted to it by 
a U-bolt, B, and clips, L, as shown, instead of having the support 
under the rail heads ns In the angle-bar joint. A notcht and cam 
bered piece, S , of Rpring steel, placed botw the Tl-bolt It. and the 
flanged plate. F, and held in place by the U-bolt which passes thru 
the notches, keeps the joint elastic, takes up looseness due to wear, 
cushions the stresses on the bolt, and maintains pressure betw the 
threads of bolt and nuts, thus acting as a nut-lock. 



FI*. 14. 


159. The “triple Ash” (Fisher j Joint, Fig 14, has also a sup¬ 
porting plate under the rail-base. It is a short joint, with three 
U-bolts, as shown, and specially formed angle-bars (“keepers”) 
bolted thru the rail-web 
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Track Dolts 

160. 'Unthreaded bolt must bend cold thru 180° and flatten 
without fracture on outside.* 

•Threads ; TT S Standard upset, unless otherwise specified; cut 
or rolled; < 2 > 5 finger threads.* 

•For shipment, bolts olid; nuts applied for < 2 threads. 1915.* 

Spiral Spring; Nut Locks. 

(See also p 1107.) 

101. 'Steel; phosphorus > 0.05% ; sulphur > 0.05%. 

Finisht nut-lock (of internal diam of from “/io to l s /i« inch), 
held fiat for one hour, must recover < Vs its height or thickness 
if thickness < width; < 0.5 X thickness if square; < width if 
height or thickness > width. 

No sign of fracture when one end is held in vise, and opp end 
twisted to 45® 1915.* 

Metal Part*. Specification*. 

Steel. Minimum requirements. 

(For rails, see pp 795, 1152.) 

162. Strength and elastic limit Id lbs per sq Inch. Elongation in 
2 ins. 


AREA Manual 

Tle- 

Finisht 

Spikes 

1915 

plntes§ 

Driven 

Screw 

Ult tensl slgth, u, 

55,000 

55,000 

60,000 

Elastic limit, 

0.5 w 

0.5 u 

0.5 u 

Elongation, in 2 ins 

20% 

20% 

22% 

Reduction of area. 

40% 

40% 

40% 

AREA Manual 

T r a 

c k b 

o I t s 

1915 

Carbon 

Nickel or other alloy 


steel 

untreated 

treated 

Ult tensl stgth, u. 




Elastic limit, 

35,000 

45,000 

75,000 


or 0.5 u 

or 0.5 « 

or 0.5 u 

Elongation, in 2 ins 

25% 

20% 

15% 

Reduction of area, 

50% 

Creeping 

40% 

40% ' 


163. Rail creeping is due to the undulatory motion of the rail 
under moving trains, and is most markt on roadbeds lacking in 
firmness, and on heavy grades. The rails creep iu the direction In 
which the trains move; and creeping therefore gives most trouble 
on double-track lines. It is increast by rail expansion in hot 
weather, and diminisht by freezing, which restricts the undula¬ 
tory motion. 

164. “Cross-binding;”, Fig 15, has been successfully used, to 
prevent creeping. This consists simply In driving the outside 
spikes, for each rail, as shown, in advance of the inside spikes in 


•Am Ry Engg Assn. IT R R. JU P R R. Bee also Specifications p 780. 
|For iron tie-plates, see 140. 
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that direction in which tile rail tends to creep. Then. if. for 
instance, rail A creeps in the direction indicated by the arrow, 
carrying its end of the tie with it. the tie is thrown toward the 
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position indicated by the dotted lines; increasing (1) the lateral 
pressures of both its spikes against its flange; (2) the grip of the 
tie on the rail, and thus (3) the resistce to the sliding of the rail 
on the tie. And conversely for rail It. 

165. Very long ties (sometimes as long as 12 ft> have also been 
used to reduce or prevent creeping. 

166. Slot-opiklng of splice-bars Is effectiv against creeping, pro¬ 
vided the joint-ties hold in the ballast. If they do not, the rails 
should be anchord to Intermediate ties by anti-creeping straps. Or 
anchors may be made of old splice-bars, cut transversly into sec¬ 
tions, leaving one bolt-hole in each section, and making a spike slot 
in its bor leg. A hole is then drilled in the rail web, over the tie, 
8Dd the anchor is bolted to the rail, and spiked to the tie thru the 
slot. Resistance to creeping may then i»e further increast by tit 
ting blocks betw the ties ahead of the anchord lies. 

Another anti-creeping device consists In a clamp which grips the 
rail base without bolting, and has a lug which bears against the 
side of a tie. 

Altho, in order to prevent rail creeping, the angle splice liars are 
sometimes slot-spiked to the ties, !i 166, it seems preferable t<» 
depend upon rail-anchors or anti-creepers; see foiegoing II fl. 

167. On the St. Louis bridge (steel arches) and its eastern np 
proach (plate girders on iron columns), the rails crept, in the 
direction of trathe, about a ft/day, both up and down a grade of 
80 ft/mile, and with such force that none of the \arious fastenings 
tried sufficed to prevent the creeping, and the track was adjusted 
dally to accommodate it. See paper by Prof. ,1. B. Johnson, Assn 
of Engng Sees, Journal, Vol IV, No 3, Nov 3884. 

168. In relaying rails, when this involvs changing the positions 
of the joints, it has been usual to re-space the ties to conform to 
the new positions ; but this practice has been abandoned In some 
cases, and with apparently beneficial results, the ties and ballast 
being left undisturbed. 

Where angle splice-plates (such as those of the Bonzano joint. 
If 355) with vert flanges projecting downward betw the ties, are 
used, tie shifting is of course unavoidable. 

Continuous Ralls. 

166. Expansion and contraction. In street railway work, the 
rails are commonly welded, cast or riveted together at their 
ends, forming practically continuous rails; and ample experience 
has shown that, here, as In steam railroad work, a long line ol 
continuous rail docs not expand and contract seriously as a whole, 
under temperature changes; the tendency to expand or contract 
being successfully resisted by the ground, acting thru the ties and 
the rail-fastenings. The result is, of course, an increase of longi¬ 
tudinal stress in the rails, with corresponding microscopic changes 
in their cross-Bec areas. 

170. Taking the linear expansion coefT, a, of steel, (say 
0.000006 5) ns the unit stretch, e, or stretch per unit length, 
(pp 456-7) under 1° Fahr temp change, and its elastic modulus. A', 
as 29,000,000 lbs/sq inch, we have unit stress = E c = 388.5 
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Ibs/sq Inch/deg Fa hr. Taking the temp range at 140° Fahr, and 
assuming the rails laid at moan temp, these would be subjected to 
a max temp change of 70* and to a max unit stress of 70 X 188.5 
- say 13.200 lbs/sq inch, which is well within the allowable unit 
stress of rail steel. 

ItllKcellnneouM 

171. Difference, in length, between inner and outer rails. 
Fig 16. 



Let 

It — radius of center line of track ; 

A = sweep of curv , 

Ge — gage, measured between c niter* of rails. 

L, Lo, Li — length of arc, on center lines of curv, of outer 
rail, and of inner mil, respectively, 
in a full circle (300°) • 

Lo - 2ir(R + Or/2) = 2 tt It + 2 ir Or/2 ; = 2 v R 4 *Qr; 
Li 2 v {It — i!'/2) - 2 v R — 2 ir G c/2; — 2 irR — ir Got 
and. subtracting. L„ — In — 2 rOV 

Hence, in un arc of A*. we have: 

A° »Or 

1,0 - Li r._ 2 IT Or- --A° 

300 180 

With gage, G, — 4 ft 8.5 ins, we have O, ^ about 4 ft 11 ins 

= 4.017 ft: and Lo - L, - O0S3M18 ; log 0 085818 = 

8.03338. 

In any given length, L, on center line, we have 
L 180 *L 

A* ~ 360°---. 

2 ir It ir R 

tt Gc A° *Oc 180 L Got 

180 ~ 180 ’ rrll ~~ R 

In other words; for a given sweep, A. the diff, Lo— Li, is 
independent of the radius; whereas, for an arc of given length, L, 
the diff varies inversely as the radius , and is independent of th# 
sweep. 


Gage-widening on Curva. 

172. The necessity and the extent of gage-widening, on curvs, 
depend upon many variable factors, such as length of rigid wheeL 
base, the slack. 8, or diff betw the track gage, G, (on tangents) and 
the wheel gage, W. (see Fig 2, under "Bolling Stock," p 1040) oh 
both new and worn wheels, etc. Hence, opinions and practice differ 
widely. 
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that direction in which tile rail tends to creep. Then. if. for 
instance, rail A creeps in the direction indicated by the arrow, 
carrying its end of the tie with it. the tie is thrown toward the 



Fiff. 15. 


position indicated by the dotted lines; increasing (1) the lateral 
pressures of both its spikes against its flange; (2) the grip of the 
tie on the rail, and thus (3) the resistce to the sliding of the rail 
on the tie. And conversely for rail It. 

165. Very long ties (sometimes as long as 12 ft> have also been 
used to reduce or prevent creeping. 

166. Slot-opiklng of splice-bars Is effectiv against creeping, pro¬ 
vided the joint-ties hold in the ballast. If they do not, the rails 
should be anchord to Intermediate ties by anti-creeping straps. Or 
anchors may be made of old splice-bars, cut transversly into sec¬ 
tions, leaving one bolt-hole in each section, and making a spike slot 
in its bor leg. A hole is then drilled in the rail web, over the tie, 
8Dd the anchor is bolted to the rail, and spiked to the tie thru the 
slot. Resistance to creeping may then i»e further increast by tit 
ting blocks betw the ties ahead of the anchord lies. 

Another anti-creeping device consists In a clamp which grips the 
rail base without bolting, and has a lug which bears against the 
side of a tie. 

Altho, in order to prevent rail creeping, the angle splice liars are 
sometimes slot-spiked to the ties, !i 166, it seems preferable t<» 
depend upon rail-anchors or anti-creepers; see foiegoing II fl. 

167. On the St. Louis bridge (steel arches) and its eastern np 
proach (plate girders on iron columns), the rails crept, in the 
direction of trathe, about a ft/day, both up and down a grade of 
80 ft/mile, and with such force that none of the \arious fastenings 
tried sufficed to prevent the creeping, and the track was adjusted 
dally to accommodate it. See paper by Prof. ,1. B. Johnson, Assn 
of Engng Sees, Journal, Vol IV, No 3, Nov 3884. 

168. In relaying rails, when this involvs changing the positions 
of the joints, it has been usual to re-space the ties to conform to 
the new positions ; but this practice has been abandoned In some 
cases, and with apparently beneficial results, the ties and ballast 
being left undisturbed. 

Where angle splice-plates (such as those of the Bonzano joint. 
If 355) with vert flanges projecting downward betw the ties, are 
used, tie shifting is of course unavoidable. 

Continuous Ralls. 

166. Expansion and contraction. In street railway work, the 
rails are commonly welded, cast or riveted together at their 
ends, forming practically continuous rails; and ample experience 
has shown that, here, as In steam railroad work, a long line ol 
continuous rail docs not expand and contract seriously as a whole, 
under temperature changes; the tendency to expand or contract 
being successfully resisted by the ground, acting thru the ties and 
the rail-fastenings. The result is, of course, an increase of longi¬ 
tudinal stress in the rails, with corresponding microscopic changes 
in their cross-Bec areas. 

170. Taking the linear expansion coefT, a, of steel, (say 
0.000006 5) ns the unit stretch, e, or stretch per unit length, 
(pp 456-7) under 1° Fahr temp change, and its elastic modulus. A', 
as 29,000,000 lbs/sq inch, we have unit stress = E c = 388.5 



Fig in. For n 6-wheel truck; axles equally spaced, we have, 

approx (see small-scale Fig 20) : 

B + L \2 1 (B + L)* 

- X-~- 

2 / 2 /? 8 + G 8 fi 6 + 40* 

B= B-D 

Nearly enough, — - ~ -. 

8 Rt 43.840 

If, in a six-wheel truck, the axles are unequally spaced, or If 
there are more than three axles, the equation gives £„ greater 
than necessary, thus erring on the safe side. 

Rail Wear on Cun*. 

179. Figs 21. Special rails and other devices have been used, 
either to resist or to avoid the lateral forces developt on cum, 
and tin 1 additional wear due to them. 

180. Fig 21a. On sharp curvs, the Lehigh 
Valley RIt uses, instead of its normal 100-lb 
rail, a 110-lb rail, of the same height and 
base-width, but with a web 1/32 inch thicker, 
and a head 3/16 inch deeper, with a special 
outside angle bar, which, on the outer Ride, 
projects upward, alongside of the head, to 
support the head. A special stept or “compro¬ 
mise" joint is used, to effect the transfer betw 
the normal and the special rail. 


*Ab an approximation, 0 Is here used for G 4 or G« (still un¬ 
known). In practice, G may usually be neglected. 






RAILROADS. 


814 

181. Fig 21b. In the Manning rail, used on the Balto & Ohio 
RE, the head thickness Is unsymmetrieal, the greater thickness be¬ 
ing on the side subject to wear. When this has worn down suffi¬ 
ciently, the rail is shifted laterally toward the eurv center, in 
order to take up the wear, and thus restore the gage. 





Pig. 21b. 



Fig. 21c. 


182. Fig 21c. In order to reduce the slip of the inside wheels, in 
traversing ourvs, the Southern Pacific Ity uses, on the Inner sides 
of curvs, a rail with a head 25% narrower than that of the stand 
ard rail. The special rail is about 8% deeper than the normal rail 
A special taper rail is used, to effect the transfer betw the normal 
and the special rail. 

Superelevation. See fi fl 172 to 193, under "Curvs”, p 9G3. 


LAYING AND MAINTENANCE 
Laying 

183. The complete operation of laying track is usually performed 
in two stages, (1) Placing the track upon the ground well enough 
to permit the construction train to run over it, and <21 Ballasting 
ana general completion of work. 

184. General. A vital problem of the work is that of transport¬ 
ing ties, rails and fittings from the source of supply to the “front” 
where they are to he laid. The ties are sometimes carted ahead 
(part of the distance, at least), on wagons, especially In prairie 
country, or where a highway lies near by. The rails are usually 
carried on flat cars in the construction train, which is pusht ahead 
over the new track as it is laid. The rails, and the ties, when they 
are carried on the train, must still be transferd from the cars to 
points just beyond the furthest point of track laid, where they in 
turn are laid, and spiked and bolted up, sufficiently to permit the 
construction train to progress over them. 

185. Construction Train. The make-up of the construction 
train will depend upon the speed of laying, dist from base of sup¬ 
plies, grade and motive power, and possible or probable locations 
of sidings. If the cars used for living purposes are placed at the 
head of the train, the materials must all be transported around 
them ; and if left on a siding while the work goes on. there may 
be serious delay in getting them back and forth to the construction 
crews for meals and sleeping. Frequently they are placed at the 
front of the train and left there. The order of the cars in the 
train is usually somewhat ns follows, beginning with the car 
furthest ahead;— 

"Pioneer” car; with office, and possibly shop and tools; 

Store car, with miscellaneous supplies, for living, etc.; 

Bunk and dining car or cars, combined or separate; 

Kitchen car; 

Additional bunk and dining cars, if necessary ; 

Tool, or feed and water car: 

Rail cars; as many as needed for the day, or as can be handled 
over the grades and curvs by the motiv power available; 
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Track fittings car; splice plates, bolts, nuts, etc; 

Tie cars ; as necessary ; 

Tclegraf line supplies car, (If required) ; 

Fuel car (if the tender capacity is insufficient for a days service 
id if other sources of supply are not available) ; 

Locomotiv; sometimes several. 


186. Forwarding Supplies. At night, or when necessary to re- 
irn for more track material, the bunk and dining cars are left at 
le furthest end of the construction or on a siding, and the loco 
‘turns with the rail and tie cays (and fuel car, if any) to the base 
' supplies—probably a yard. Rails and other supplies are there 
,aded on to the construction train. Straight and curvd rails, odd- 
ngth rails, and hard and soft ties should be loaded separately, 
therwise, much time may be lost in rehandling and hunting them 
at as needed. By morning, this much of the train returns to the 
te of operations and connects up with the remainder. 

1ST. The road bed should be well leveld, preparatory to receiv- 
lg the tics and rails; as an uneven surface may strain and bend 
ae rails badly when the construction train is run over them, or in- 
rea.se danger of derailment. 

i88. Piling tie*. When tics are stored near the track, the fob 
.wing conditions arc usually required., (See also “Seasoning 
nder “Ties", fl 53, p 788.) •Piled < 10 ft from nearest rail, 
ft clear betw piles.* ton ground not lower than grade of KR, 
aid on foundation of stone or cull ties.f ‘Piles of either ~5 or 
,0 ties.* tPiles > 12 layers high.f ‘Each pile markt with own- 
r's name and date when piled* tand number of ties of each kind 
f wood in pllc.f *Snwd and hewd ties piled separately.* TChest- 
mt piled separately.f ‘Ties treated with zinc-chlorld or other 
rater solution to be piled in close piles on well-dralnd ground.* 
180. Laying tie*. Tics are either deliverd by teams, or are 
nrried ahead by hand, or by the “track-laying machine” (see 
109). As far as possible, hardwood ties are reservd for curvs. 
L'he ties may be thrown down, and are then laid in place, being 
ined and spaced by a cord or graduated rod or other means. 

100. Laying rail*. Rails may be skidded to the ground from 
he rail car, laterally over a couple of inclined rails; but it is 
;enerally regarded as bad practice to let them strike each other, or 
o let them be thrown on to rough ground. tTo be distributed base 
lown, with uniform tearing surf on roadbed.f They may be car- 
led ahead by men, or dragd by horses, or deliverd by the “track- 
.lying machine" (see 11190), as may appear expedient; and then 
aid on the ties. 

tRails laid one at a time. Ends brought squarely together 
igainst expansion shims.t 

101. Rail-bending for curv*. The necessity for bending rails 
.ermancntly. before laying them in curvd track, increases with the 
wight of the rails and’ with the sharpness of curvature; and 
iecreases as the rail length increases and as the rail is held 
securely to its place under traffic 


102. On curva of moderate nhurpneg a, rails are usuallv laid with- 
»ut previous bending, being sprung to curv, and then held by the 
spikes, etc. For curvs sharper than say 10°, and for turnouts, the 
•ails are bent, at (he site, by means of a hand rail-bender, at a 
•ost of from $35 to $00 or more, per mile (Camp). For special 
layouts, they are sometimes bent (cold) at the mill, by power rna- 
•hinery. 

103. In turnout .s, the “lead rails should be curvd before they are 
laid; otherwise it is difficult to prevent them from twisting the 
tieadshoes around when attempting to spring a curv Into them" 
(Camp). 


•Am Ry Engg Assn. tF R R. tU F & R- See also Specifications p 780. 
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181. Fig 21b. In the Manning rail, used on the Balto & Ohio 
RE, the head thickness Is unsymmetrieal, the greater thickness be¬ 
ing on the side subject to wear. When this has worn down suffi¬ 
ciently, the rail is shifted laterally toward the eurv center, in 
order to take up the wear, and thus restore the gage. 
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Fig. 21c. 


182. Fig 21c. In order to reduce the slip of the inside wheels, in 
traversing ourvs, the Southern Pacific Ity uses, on the Inner sides 
of curvs, a rail with a head 25% narrower than that of the stand 
ard rail. The special rail is about 8% deeper than the normal rail 
A special taper rail is used, to effect the transfer betw the normal 
and the special rail. 

Superelevation. See fi fl 172 to 193, under "Curvs”, p 9G3. 


LAYING AND MAINTENANCE 
Laying 

183. The complete operation of laying track is usually performed 
in two stages, (1) Placing the track upon the ground well enough 
to permit the construction train to run over it, and <21 Ballasting 
ana general completion of work. 

184. General. A vital problem of the work is that of transport¬ 
ing ties, rails and fittings from the source of supply to the “front” 
where they are to he laid. The ties are sometimes carted ahead 
(part of the distance, at least), on wagons, especially In prairie 
country, or where a highway lies near by. The rails are usually 
carried on flat cars in the construction train, which is pusht ahead 
over the new track as it is laid. The rails, and the ties, when they 
are carried on the train, must still be transferd from the cars to 
points just beyond the furthest point of track laid, where they in 
turn are laid, and spiked and bolted up, sufficiently to permit the 
construction train to progress over them. 

185. Construction Train. The make-up of the construction 
train will depend upon the speed of laying, dist from base of sup¬ 
plies, grade and motive power, and possible or probable locations 
of sidings. If the cars used for living purposes are placed at the 
head of the train, the materials must all be transported around 
them ; and if left on a siding while the work goes on. there may 
be serious delay in getting them back and forth to the construction 
crews for meals and sleeping. Frequently they are placed at the 
front of the train and left there. The order of the cars in the 
train is usually somewhat ns follows, beginning with the car 
furthest ahead;— 

"Pioneer” car; with office, and possibly shop and tools; 

Store car, with miscellaneous supplies, for living, etc.; 

Bunk and dining car or cars, combined or separate; 

Kitchen car; 

Additional bunk and dining cars, if necessary ; 

Tool, or feed and water car: 

Rail cars; as many as needed for the day, or as can be handled 
over the grades and curvs by the motiv power available; 
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Middle ordinates for bending rails on curves. See page 816. 

Ordinates —mdlu* In ft. Ordinate* 
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194. Expansion and contraction. Expansion shims are of 
many types, from special graduated wedges to wire nails; but they 
should be of iron or steel, not wood, and should be stampt with the 
temperatures at which they are to be used. They are placed tem¬ 
porarily betw the rail ends, and so serv to space the rail joints, 
and thus to provide for expansion and contraction. They ore re¬ 
moved later. 


195. Provision for expansion. (33 ft rails.) Temperatures, 
Fahr, taken on rail at time of laying. 


Space, In inches 
betw rail-ends 

Via 

v, . •/.« 

Am Ry Eng Assn 
Penna It R 

— 20° to 0° 

- lO e to-j-14° 

0° to -f 35° 25° to 50° 

14° to 38° 38° to 62° 

Space, in inches 
betw rail-ends 

V. 

"5 

Am Ry Eng Assn 
Penna R It 

P R It, in tunnels 

50° to 75° 
62° to 8G° 

75° to 100° over 100° 

80° to 110° over 110“ 

40° over 70° 


fAt insulating joints, Ms inch, irrespeetiv of temp.f 

196. Joints are next made up, the splice bars being put In place, 
some if not all of the bolts past thru the holes, and the nuts 
tightend up. The expansion shims may then be removed. tOn 
tangents, each joint is to lie opposit the middle of the opp rail 
of the same track. On cures, variation > IS ins.f 

197. Spiking the rails to the ties then follows. The tie Is held 
up against the rail by a man with a “nipping bar*’, (a lever which 
straddles the rail and hooks under the tiei, and two men drive the 
spikes, one on each side of the rail, striking alternately Each 
spike should be driven vertically and should be started with the 
side of the point squarely In contaet with the rail flange, so that it 
will crowd the rail all the way down Where screw spikes are 
used, the operation is of course different. See under “screw spikes’’. 
U fl 107 etc. Care is of course taken that the gage he properly 
establisht when the spikes at the other end of the tie are driven. 

198. Rpeciflcalions. \ Where tie plates are not u«ed, inside spikes 
to be driven near east or south edge of tie; outside spikes driven 
near west or north side of tie; < - ins from edge of tie. 1909.t 

fSpikes per tie at each rail;— 

On tangents without tie plate: 1 inside, 1 outside 

On tangents with flat or rlbd tie plates; 2 inside, 1 outside 

On curvs with flat or rlbd tie plates; 2 inside, 2 outside.t 

•Spikes must not be straightend during driving. Outside spikes, 
of both rails, to he on one side of tie; both inside spikes on the 
opp side. Spikes ordinarily 2.5 ins from outside of tie. Old spike 
holes to be plugd.* 

i, 199. “Track-laying machines”, so called, do not actually lay 
track. They merely facilitate the forwarding of the rails and ties 
from their cars to the points ahead where wanted. They consist 
of some form of rollers or track mounted on the construction train, 
along either one side or both sides, or over the top. In some 
machines, the run-way Is laid on a grade and the material goes 
ahead by gravity; while in others it is carried on traveling plat¬ 
forms or belts or other transfer devices driven usually by a special 
stationary engin. Such machines are seldom expected to expedite 
the work; but only to cheapen it, by reducing the number of 
laborers necessary. __ 

•Am Ry Engg Assn. tP R R. ttl P R R Roe also Specifications p 780. 
|Laid close, without bumping. 
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200. Speed of laying, according to Camp, under ay condition*; 
about one mile in 10 hours without hurrying; employing 64 
laborers, 3 foremen and 2 teams of horses. 

Ballasting. 

201. Delivering Ballast. Ordinary flat cars, without side¬ 
boards, loaded by steam shovel, hold about 10 cu yds each. With 
sideboards, 2 ft 8 ins high, a car 40 ft long will bold about 32 
cu yds. The sideboards are arranged as a series of doors, hinged 
at top. 

202 . Flat cars are economically unloaded by the use of a plow, 
dragd along the tops of the flat cars, by means of a wire cable, 
attacht either to the loco, or to an engin drum on a car at end of 
train. With a loco, the train stands still, and each car deposits 
its full load within a dist equal to its own length; hut, with engin 
and drum, the distribution of the material can be controlled by 
having the train in motion. 

203. Center plows distribute the ballast on both sides of the 
track. They are guided either by stakes, temporarily placed In the 
side pockets for the purpose, or by rollers bearing on the sides 
of the car. The point of the center plow is usually movable side¬ 
ways ; so that, if desired, more ballast may be unloaded on one 
side of the track than on the other. 

2(M. Side plans unload on one side only. They are guided by 
side stakes Side unloading, with either side or center plows, In 
volves the expense of throwing the ballast back upon the track. 
See also Dump Cars, under Rolling Stock, 80, p 1053. 

205. To prevent ballast from dropping on the track, betw cars, 
a hor apron of boiler plate Is hinged at one end of each car; st 
as to overlap the space at the coupling. 

206. Leveling. When ballast Is unloaded (between the rails \ 
from hopper-bottom dump-cars, it is leveled by means of a spreader 
plow car, attacht at the rear of the train, or by means of a cross¬ 
tie fastend ahead of the front wheels of the rear truck of the car 
being durnpt. Several men. with bars or shovels, are required on 
the car, to push the material down into the hoppers. 

207. Tamping. Edith or clay bullast. Shovel equipt with iron 
cuff or handle for tamping; broad-pointed tamping bars. *Tamp 
each tie from 18 ins (burnt clay, 15 ins), inside of the rail to end 
of tie with handle of shovel or tamping bar. If possible, tamp the 
end of Ihe tie outside of rail first aq,d let train pass over before 
tamping inside of rail; give special attention to tamping under the 
rail; tamp center of ties loosely with the blade of the shovel. The 
dirt or clay betw the ties should be placed in layers and firmly 
packt with feet or otherwise, so that it will quickly shed the 
water; the earth should not be bankt above the bottom of the end* 
of the ties; the filling betw the ties should not touch the rail and 
should be ns high as, or higher than, the top of the ties in the 
middle of the track. With broken stone or furnace slag, do not 
tamp center of ties; hank ballast into shoulder about the end of 
the ties level with top of tie.* 

208. Costa; Ballast, cts per cu yd 

Maohine-orusht stone, at quarry . 45 to 75 

Placing under track, and tamping . 15 to 25 

In track, completely ballasted, lined and drest_ 75 to 125 

Gravel, in completed track . 20 to 30 

Including, for labor of placing in track, tamping 

and dressing . 10 to 15 

Unloading, with plow and cable, Including labor of 
handling cable and use of equipment . 0.5 

Roadbed oil, _2 to 314 cts per gallon 

•Am Ry Engg Assn. tP R R. P R R See also Specifications p 780* 
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209. Oiling Ballast. On dusty roadbeds, annoyance to passen¬ 
gers and injury to ties and journals may be prevented by sprinkling 
the ballast with oil, which penetrates to a depth of several inches, 
holding down not only the dust already present, but also that 
which may settle subsequently. It evaporates so slowly that one 
application per season usually suffices 

210. "Roadbed oil" is a product of petroleum distillation, with 
a spec grav of about 0.89. It is practically non-combustible under 
the conditions of its use, and It is said that fewer ties are burnd 
in oild than in unoild track. 

211. Oil coating retards the growth of weeds in the ballast; 
and, by rendering the ballast non-absorbent, reduced heaving of 
the track by frost. It is bcllevd to preserv ties by excluding 
moisture. 

212. The sprinkling apparatus is commonly installed on a flat 
car, with couplings for connection to an oil-tank car. In warm 
weather, the oil flows freely by gravity. In cold weather, its flow 
may be assisted by steam or air pressure, taken from the loco. 
The oil is applied to the track, to the shoulder of the roadbed, and, 
if required, to the slopes in cuts and fills. 

213. The sprinkling train can cover about 4 miles/hr, using 
2,000 to 2,500 gals of oil per mile of unoild single track Subse¬ 
quent sprayings require less oil The penetration increases with 
each spraying, until the depth reaches about 8 ins, which suffices 
to prevent dry and dusty ballast from being thrown up during tie 
renewals or tamping. 

Maintenance of Way. 

214. Surfacing: consists of raising depressions in the track, 
(mostly at joints) to an even surface. It is not necessary to main¬ 
tain track to the grade stakes to which it was laid when new, as 
long as it 1 b maintaind fairly even. 

215. Surfacing “out of face” (consisting of a resurfacing of 
the track as a whole) Is necessary every few years. 

216. Cost of surfacing varies from about $100 to $200/mlle 
/annum, depending upon the density of traffic, and upon the 
materials of which the track is constructed. 

217. Ballast. Renewal. Before distributing new ballast on the 
track, the old ballast should he removed from betw the ties as deep 
as their bottoms, and used to widen the shoulders of the roadbed. 
See also “Ballasting”, fl fi 201, etc. 

218. Cleaning ballast. ‘Intervals, In years, betw cleanings; in 
terminals, 1 to 3; heavy traffic, coal and coke lines, 3 to 5; light 
traffic, 5 to 8.‘ 

•Under usual conditions, clean only stone and hard slag. Use 
ballast forks. Clean (a) shoulder, down to sub-grade; (b) betw 
ties, to bottom of ties; (c) center ditch of double track to sub 
grade. Return clean ballast* 

•Bank gravel (Percentages refer to the original bulk) 

Road To be Washt or Scrcend Washt or Screend 

Class when containing > gravel should contain 

A 2% dust or 40% sand < 25% > 35% sand 

B 3% “ or 60% " < 25% > 50% " * 

219. Tie*. The person inspecting ties, with a view to renewal, 
may indicate such ties by a spot of white paint The usual method 
of putting in new ties Is to dig a trench beside the old tie, slightly 
deeper than the tie; then to pull it sidewise into the trench, and 
then to haul it out. If the new tie is thicker, or the old tie was 
rail-cut, It Is necessary to dress down the bed of the tie. In rock 
ballast, ties can be renewed at the rate of 8 or 10/day/man ; in 
gravel, 14 to 18. 


•Am ny tengg Assn. fP R R- ttJ P R R. See also Specifications p 780. 
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220. G*o«v of Renewing Ties 

in stone ballast about 20 cts each 

In loose gravel 6 to 10 cts each 

in cementing gravel 10 to 20 cts each 

in hard slag 9 to 15 cts each 

221. Rails. New rails, to be laid, are placed on the ties out¬ 

side the old rails in place, and bolted together into such sections 
as can be expeditiously handled. The spikes on the inside of the 
rail iu service are pulled, the rail is lifted out without unbolting 
the joints (except at ends of sections), and the new rail is set 
m place and spiked. 

222. On curve, rails are often transposed, the worn outside rails 
being moved to the inside of the track, and the less-worn inside 
rails to the outside; the inside spikes being pulled, the rails trans¬ 
posed, and the spikes replaced. 

222. The hardest track to maintain is that on sharp curvs, ele¬ 
vated for fast passenger trains, and having to carry freight trains 
whose speed is limited, as by grade conditions. 

224. Track-recording: car* are of many types, there being ap¬ 
parently no standard. Nearly all carry a long strip of paper, 
moved by clock-work, or by gearing from the w'heels, so that, by 
means of mechanical pencils or pens, plottings are made, on which 
the abclssae may represent either time or distance, as desired. 
In order to identify different portions of the record, it is custom¬ 
ary to devote one or two pens to the recording of time by means 
of a clock sending impulses thru an electro magnet which actuates 
a pen ; or to recording distance, either automatically, by gearing 
from the wheels, or by impulses sent from a push-button by an 
observer watching for milf-posts or other land-marks. These marks 
are Identified, either by making them with certain characteristics, 
as double, triple, or long marks, or by another operator recording 
the name by hand, opposit the mark. 

225 Various elements are recorded, and in different ways. 
Lateral or vertical inequalities of the track are recorded either by 
pendulums, (free, restricted, or “dampt” by “dash-pots”), by the 
relativ motions of truck and car-body, or by those of an Idle wheel 
or pair of wheels. Some cars are arranged to daub the side of 
the rail automatically with paint, wherever the track is uneven. 

Dynamometer Cars. See under Train Resistance, p 1067. 
II n 56. etc. 
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TURNOUTS AND CROSSINGS 

PART I. PRACTICE 

TURNOUTS. 

For the geometry of turnouts, see Part II, p 848, etc. 

General 

1. Elements. Figs 1. A turnout consists essentially of a 
switch, two -lead" rails, L and hi*, a frog, and two gard rails, g 
and gt. 

2. Pacing and Trailing. Figs 1. When a train enters a turn¬ 
out in the direction of the arrow (passing the switch before reach¬ 
ing the frog), it is said to “face” the switch When it approaches 
(either from the main track, AT, or from the turnout, T) in the 
opposit direction (passing the frog before reaching the switch) It is 
said to “trail'’ the switch. 



3. Doable track; Fig 2; trains keeping to the right, as indi¬ 
cated by the arrows. Here, for the normal traffic, A aind l are 
facing switches; while V and W are tralliug switches. In leaving 
a main track by a trailing switch (f.e., In facing a trailing switch) 
a train must move in the direction contrary to the one proi>er to 
said track. Nevertheless, the superior safety of trailing switches 
justifies their use. 

4. Fig 2. A turnout is right-hand or left-hand, accordingly 
as it sends a faring train to the right or to the left from the main 
track. Thus. V and IV are right-hand turnouts, while X and Y 
are left-hand. 

5. The position of the Mwltch (Figs 1), detcrmlns which of 
the two tracks, M' or T. a facing train shall follow. The main 
lead rail or main closure rail, L, and the turnout lend rail or 
turnout closure rail, Lt* lead from the switch to the frog, the 
flangeways of which permit the flanges of wheels, on either one of 
(he two lead rails, L and ///,* to pass thru (see pgfiiHj the other 


•Some writers call the two curvd rails, Li and Lt\ the lead 
rails. See Webb, Railroad Construction, pp 2(»."» and 272. 
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lead rail. The two gard-ralls, y and gt, keep said wheels to their 
proper paths by confining the flanges of their mates while they are 
passing the frog. 

6. The lend (sometimes called the frnic distance), is the dist, 
HP, Figs 1, where P is the theoretical frog-point (ff 42) and B is 
the position of the theoretical switch-point (tf 79) on the turnout 
side of the main track, M M', when the switch is set for the main 
track, as in Fig 1«. 

y T _ 


X 

Fi«. 2. 

7. The lend curv, or turnout eurv, D E . Figs 1, is usually (at 
least in theory) a simple or circular cun. Fig 13. The gage- 
lines, ay and Us, of the frog are usually straight thruout the frog, 
or from frog heel to frog too: as are also the switch-rails thruout 
their own length. Hut see <i 77. 

Types of Turnouts. 

Double Turnouts. 

K. Figs 3. In a double turnout (often called a three-throw or 
three-vvny turnout!, two side tracks leav the main track at the 
same point. As compared with two neighboring turnouts from 
one track, a double turnout economizes space, material, labor and 
time, and facilitates operation. 

9. Curvature. The main track may be fttraiyht or curvd, and 
the mdc ti ticks may leav the main track on the name or on opp 
Kitten. When they leav from opp sides, their sharpnesses (Curvs, 
H 11) may be equal or different. Altho, in operation, the side tracks 
are thus dlstlnguisht, by their purpose*, from the main track. It is 
often convenient to disregard this distinction, and to consider the 
three tracks with regard only to their relatlv position*, or as 
outer and middle tracks. See f 11. Thus, T or T' may be a curvd 
main track; in which ;nse, If' is a straight turnout. 





10. Elements. Figs 3. A double turnout requires a 3-ihroir 
switch, two main frogs, m, in', a crotch frog (middle frog), o and 
six gard-ralls (two for each of the three frogs), unless, as in Figs 3, 
the two main frog angles (see l'art II, U 32) are equal, and the 
two main frogs therefore opposit; in which case one wing-rail 
(see fl 41) of each main frog acts as gard-rail for the other main 
frog, and only four gard-ralls proper (as shown) are required. 
When the two main frogs, in and in', are of but slightly diff angles, 
and therefore nearly opp, it is impracticable to place and main¬ 
tain the two additional gard-rails of sufficient length. In Figs 3, 
the two rails of each three-throw switch are indicated by light 
lines, which show the switch set for tracks V, M' and T, respec¬ 
tive, as indicated by the arrows. Where the turnout curvature 1 r 
sharp, the sides of the crotch-frog are sometimes curvd to accord 
with it. ' 
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Main, Side and Connecting Tracks. 

11. Of the two tracks, connected by a turnout, it is usually 
practicable to distinguish betw one, as the main track, and the 
other, as the side track. The track, betw the main-track frog and 
the side-track, is called the connecting track; but the term, “con¬ 
necting track," is applied also to a track of some length connect¬ 
ing two tracks neither of which is a side track to the other. 

12. A spar or stab track is a track (usually short), serving 
some special purpose, as a neighboring quarry, siding, borrow-pit 
or warehouse, and not returning to the main track. 

12a. A transfer connects two non-adjacent tracks, and the 
term is used especially when these are at cliff levels. 

12b. A leader crosses diagonally, and connects, a series of paral¬ 
lel or concentric tracks. 

12c. A ladder (see Part II, p 871, fl 57) conueets a main track 
with adjacent yard tracks. 



Fig. 4a. 


Fig. 4b. 


Gauntlet and Intervolvd. 

13. Fig 4. In certain special cases, as where two parallel or 
concentric tracks must pass thru a space too narrow for double 
track, as in a single-track tunnel or bridge, the arrangement 
shown may be used. Where the traffic, on the two tracks, is in opp 
directions, the arrangement is called a gauntlet} when it is in the 
same direction, the tracks are said to be intervolvd. Two frogs, 
but no switches, are required. The two tracks are laid upon the 
same tieR. 



Fig. 5. 


14. Improving Switch Location. Fig 5. To avoid placing a 
switch on the outside of a curv it may be placed in the tangent, back 
of the enrv-point, A, and the traffic carried, on a concentric inter- 
▼olvd track, to the frog where the turnout, T, must leav the main- 
track curv, A M’. This arrangement involvs the use of one switch 
and one frog. 

15. An arrangement of intervolvd tracks is sometimes used for 
the protection of track scales from unnecessary usage by traffic 
which is not to be weighd. The track, carrying such traffic, rests 
upon solid pier# passing thru, but independent of, the scale plat¬ 
form. This arrangement InvolTR the use of two switches, without 
a frog. See Yards and Stations, f 60. 
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Diamond or equilateral turnout. 

16. Where a parallel or concentric side track leavs a straight or 
curvd main track, the main track ordinarily continues its course 
unaffected by the presence of the turnout; the deflection, from this 
course, being effected entirely in the turnout. 


17. If, however, the defl be equally divided betw the main and the 
side tracks, we have a •‘diamond" or ‘‘equilateral" turnout. 
This permits the use of a frog of greater angle (lower number), 
without sharpening the curvature. See Part II, U 52. 




Y -Trucks. 

18. A Y-track, Figs G & 7, is used for turning englns end for end. 
It thus takes the pla'-c of a turntable. Entire trains, if not too 
long, may be turnd on the Y. as well. The Y should cost less, for 
maintenance, than a turntable; and may cost less to install, de¬ 
pending upon the cost of ground. 

19. Fig 7. Other things equal, the Y occupies least ground when 
the three trackR, or "legs,” are eurvs of equal radius, r, and of 
equal length. The three switches are then at the apices of an 
equilateral triangle, ABC, each side >f which equals the common 
radius, r. 

Derailing;. 

20. General. CarB, left on sidings, may be moved, by gravity, 
wind, carelessness, etc., to positions near enough to the main 
track to endanger main-track traffic by collision, ('ars may start, 
by gravity alone, upon a down trade of about 0.4 per cent (21 ft 
per mile) ; or (under wind) on flatter grades or on level track, it 
is unsafe to depend upon the brakes. 

21. Usually a dist of 12 ft betw track centers (say 6.5 to 7 ft 
clear betw rail-heads) is considered safe. The lVnna R R, 1909, 
requires < 16 ft from cen of siding to cen of main track, (18 ft 
where practicable), except on passing sidings where parallel to 
main tracks; the unconnected end of siding, adjacent to main 
track, to be curvd outward. 

22. The point, where the two tracks approach closer than allow¬ 
able, 1 b often indicated by a clearance post of wood or of metal. 
If set betw the tracks, such posts are dangerous to men at night. 
They are therefore preferably placed 4 or 5 ft to oae side of either 
track. Sometimes the clearance point is indicated by a white¬ 
wash half-round tie, laid across the space t>etw the tracks. 
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23. A derail is used In main or in side tracks where derailing 
is preferable to allowing a car to reach a dunger-point, such as a 
switch or a crossing, etc. 

24. Figs 8a, 8b. The heel ends of the switch-rails are indicated 
by small dots on inside of track. 

25. A single derailing switch-rail, ns at 1) or E, suffices for mere 
derailment: but a pair of sir itch-rails, as at It, facilitates restor¬ 
ing derailed cars to the truck. In the derailing position, the 
switch-rail is usually supported by two or three rail-braces. See 
Track, If 143. 

20. The derailing switches are preferably so connected irith the, 
main-track switch , . 1 , that the derails shall always be; in the posi¬ 
tions proper to the position of the main-track switch. (Compare 
Figs 8a and 86.) Otherwise, a sign, reminding the switchman to 
set the derail, may be placed at the main-track switch. 

27. In main-track derails, as at D, the stock-rail, 8. is bent 
outward: and a single derailing switch-rail is commonly used, heel 
ing toward the main track frog, m , and opening inward, Fig 86. 

28. In side track, a single derailing switch-rail, E, placed in 
the outer rail, heels toward the main-track frog, n\, and opens in¬ 
ward, as in Fig 8«. 


(a) Set for Main Track 

S 



29. Fig 8a. Where a car, deraiid from the turnout, as at E, 
might nevertheless foul the main track (as where the derail is near 
the main-line switch, and the side-track grade is considerable), a 
long gard-rail, g'. may be used, to keep the farther wheels, ti, away 
from the main track, and a plank, p, to carry the nearer wheels, 
n', over the adjacent side-track rail, It. Or a derailing turnout, 
C, may be used. 

30. Fig 86. A main-track car, deraiid at /), is kept near its 
proper course by a long gard-rail, g, placed about 8 ins from that 
rail which is opposit the derailing switch. This gard-rail may be 
continued backward, and l>ont, as shown, narrowing the flangeway 
opposit the derail, and thus protecting the derail switch-point 
when the derail switch Is set for the muin line, as in Fig 8 a. 

31. FlgB 8a. 86. In donhle track, If a single derailing switch- 
rail, D or E, is used, It is usually placed In an outer rail, in order 
to avoid obstruction of the other track by deraiid cars. 

32. Direction of Heeling. Mgs Ha, 86. Where a pair of de¬ 
railing switches, H or H', is used in the side track, they may 
either, as at B, heel away from the main-track frog, m, opening 
away from tho main track; or, as at B', they may heel toward the 
main-track frog and open toward the main track ; In either case 
guiding a deraiid car away from the main track. 
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33. Whnrton Switch. A special short form of Wharton switch 
(see till 110 , etc.) is used for main-track derails, the derailing 
switch rails being thrown <igaimt the main track rails for derail¬ 
ing, and away from them for main-track traffic. This arrangement 
leavs the main track unbroken ; and its wide throw avoids danger 
of fouling the derail when set for main line. 



Cutoh Sidings. 

34. Fig 0. Catch-sidings are often provided for the purpose of 
diverting and holding runaway cars on steep down grades, espe- 
< tally when approaching curvs. The catch-siding runs a short dist 
up the hillside; and the switch is held, by a spring, in position for 
the siding, as shown; so that the runaway car is diverted to the 
siding, ami there first brought to rest by its own weight. It then 
runs hack, by gravity, to and thru the switch, and up the main- 
track grade. It thus oscillates, coming dually to rest at the 
switch. In normal operation, the switch is thrown over to the 
main-track position, against the spring, by the switchman, who 
holds it there until the car or train hus passed the switch. 

For Scotch-block, see Signals, fl 47, p 089. 

Crossovers. 

35. Figs 10a, 106. \ crossover connects two parallel or concen¬ 

tric tracks. It consists of two turnouts (facing In opp directions) 
and a connecting track, which may be a tangent or a reverse curv. 



(a) (6) 


Fig. 10. 

36. Right and I.eft. With right hand traffic (as in Figs lOo 
and 106), the two turnouts are both left- hand, if facing, as in 
Fig 10a; arid both right- hand, if trailing, as in Fig 106. 

37. Double Siding. Figs 11a. 116. On single track lines, in 
order to allow two meeting trains to await the passage of a third 
train, and then to proceed simultaneously and without backing or 



F1k«. 11. 


Interference, a double siding is provided. The side tracks may be 
one on each side of the main track, Fig 1 la, or both on the same 
side, Fig 116. 
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38. The lap aiding, Fig 12, has the advantage that the tele¬ 
graph office may be placed at the lap, and therefore convenient to 
the engins of both standing trains, thus facilitating operation. As 
will be seen, the lap siding is, in effect, a double track, of length 
A B, with a crossover midway of its length. 



Fig. 12. 


Guge. 

39. Some roads maintain standard gage on turnouts. Others 
widen the gage by from Vi to ^ inch, betw switch-point and frog- 
heel, beyond which points the gage is gradually uarrowd to stand¬ 
ard width within a dist of about 30 ft each way ; while, on Euro¬ 
pean roads, the gage Is often narrowd Vi" in the turnout, in order 
to prevent lateral play of the wheels, and to steady vehicles while 
on the turnout. The Wharton switch, see fill 115), etc., requires, at 
the switch, a gage Vi" wider than standard. 

Frogs. 

Rigid or Stiff Frog. 



40. Flangewaya. Fig 13. For frog geometry, see Part II, II 2, 
etc. In order that the flanges of wheels, on rail a y, may pass, in 
either direction, thru rail os for vice rerun), the frog provides 
channels or “flangeways" thru rails 6 z and a y, respectivly. 

41. Element*. Fig 13. Essentially, the frog consists of four 
pieces of rail, viz:— 

op, the left wing rail; 

b v>, the right wing rail; 

P s, the main point or long point; 

ky, the side point or short point. 

42. The gnge line*, thru the frog, are a y and b c. Fig 13. To 
the remaining parts and dimensions of the frog are given names as 
follows:— 

Toe spread, T, = ab, measured betw gage lines at rail heads; 

Heel spread, H, = z y; measured betw gage lines at rail heads: 

Throat, the point of shortest distance between wing rails; 

Mouth, the trapezoidal space betw the two wing rails and betw 
throat and toe; 

Theoretical frog point, P; the intersection of the gage lines, 
ay and b z ; 

Actual (or “half Inch ”) frog volnt; 
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Tongue, the triangle bctw P and k: 

Flangeways or channels, the two parallel-sided channels betw the 
points and the wings; 

Frog angle, F, = z P y = a P 6. 

43. The fro* number, N, is the quotient, l/i, where l (not 
shown) = the length of any portion of the frog, and i (not shown) 
— the increase of frog width (measd betw gage-lines and perp to 
the frog axis) within that portion. I is measd, by some engineers, 
along the center-line of the frog; and, by others, along a gage-line; 
and the number of a given frog Is of course correspondingly affected. 
Sre l’art II. 11 G etc. 

44. ItiKht and left. Fig 13. The unit- point, ley, is ordinarily 

placed In the turnout. Hence, a frog is called "nyltt- hand" if a per¬ 
son, facing it, sees the xidr point on the and rice versa. 

45. Fillers. The two point-rails are riveted together, and a 
steel filler is secured in place betw the point and each wing-rail. 
I he two tillers are sometimes carried beyond the point, and joined 
there, forming a single straddling filler. 




B Section 


A-B 


Fig. 14b. 



40. Fastenings. The wing rails and the point, ure held to¬ 
gether, In their proper relativ positions, usually either 

(1) by clamps nnd keys. Fig 14o ; 

(2) by bolts. Fig 14b; 

(3) by riveting to a plate. Fig Hr; 

(4) by bolts.and plate (combination of (2) and (3)1 • or 

(5) by riveting to tie plates. 
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47. Practice, respecting; the choice betw these methods, is indi¬ 
cated by the results of two canvases, showing the number of roads 
using each method, as follow’s:— 

(1) (21 (3) (4) 

Clampt Bolted Plate Bolt and plate Total 

. Roadmasters' Assn, 1897, 7 2!) 9 .... 45 

Eng News, 1908 Jun 4, 7 32 13 10 64 

Frogs are connected with the adjoining track rails by the usual 
rail joints. See Track, flfl 145, etc. 

48. Altho one side of the frog is in the turnout burv, and the 
other side may he in a main-line curv, yet the shortness of the 
sides warrants making them straight, except in very sharp turn 
euts and in special cases. 

49. Length. The frog length must be such that the rail ends, 
at toe and at heel, are far enough apart to give room for the rail- 
joints without interference. Increast length strengthens the frog 
against working loose: hut it also increases waste when frogs 
must be renewd, because the adjoining rails always outwear the 
frogs. The adoption of a standard frog reduces the rail cutting 
required when frogs are renew'd. See 70. 

50. Detail*. The wing-rail on the turnout side is sometimes 
made slightly longer, at the toe, than the other wing-rail, in order 
that the main ana turnout lead rails 3i may be of equal length, 
and still bring the heels of the switch rails opposlt. 

Wear, Reinforcement, etc. 

51. Special Steel. Those parts of frogs which are subjected to 
heavy wear are frequently made from special manganese or other 

_ steel* of high wearing quality, and built into the body of the frog. 

* FrogB so made cost about twice as much us do ordinary frogs ; but 
their use is nevertheless economical under heavy traffic. 



Fig. 15. 


52. Eaner Rail*. Fig 15. False or outside wheel flanges, f, are 
formd by the wearing down of the tread, nearer to the flange. A 
short easer rail, e , bolted outside of each wing rail, ir, and form 
ing, with a double-headed wing, raises the wheel sufficiently to 
keep the worn tread out of contact with the point-rail, h. 

53. Heel Block or Heel Rainer. Figs 16. The false flange, /, 

of a trailing wheel, dropping betw the point-rallR, M and 8, tends 
to wedge them apart. To prevent this, a heel block or heel raiser, 
R, is bolted In place betw the point rails The raiser slopes down 
ward toward the frog heel, as shown. In order to lift and lower 
the wheels gradually. It may be a solid steel easting, or an Inverted 
piece of rail. It also spj-vs foot gard. See f! 75, I'nlbss se¬ 

curely fnstend, it may !*■ driveu forward by the false flange, f. and 
may thus itself art as a destrucliv wedge 





FBOG DETAILS. 


831 


*54. In the rigid or stiff frog (thus far described) all the parts 
are immovable, and both flangewayB are always open. The wing- 
rails, Fig 13, by supporting the outer portion of the wheel-tread, 
protect the relativly slender frog-point, which otherwise would 
receiv hard usage from passing wheels; and the flangeways are 
made as narrow as possible, in order to diminish the severity of 
the blows deliverd by wheels passing them; but, nevertheless, these 
blows become serious under heavy traffic. 




FI*. 16. 


65. Hljrh Flangeways. In early days, in order to obviate this 
difficulty, the flangeways were made shallow, so that the wheels, 
traversing them, ran upon their flanges, their treads being thus 
lifted above contact with the rail-heads ; but the flanges soon cut 
grooves, which lowerd the wheels until the treads again bore upon 
the rail-heads, striking blows aB before. 

Spring-rail Frogs. 

56. Action. Figs 17, 18. In the spring-rail frog, the turnout 
wing-rail, b s w (called the spring-rail), altho spliced to the track 
rail at its toe, b, is spiked along only its gage side, and it may 
therefore he moved away from contact with the point, Py, against 
which it is normally held by springs, as at h. Any main-track 
wheel, m' (like its mate, m) haB thus always a full bearing thru 
the frog. The spring-rail slides on large llxt plates, which extend 
under all the frog rails. 

Of 59 railroads interrogated, 58 used spring-rail frogs as stand 
ard. Eng News, 1908 June 4. 

57. Wheels, n', o', passing to or from the turnout, thru the frog, 
must cross the flangeway betw the point-rail, P z. and the wing- 
rail, Py. To obtain flangeway. betw the spring-rail, sic, and the 
point, Py, the flange of a trailing wheel, o', merely pushes in betw 
the two; while a facing wheel, n (being held away from the frog 
by the gard-rall, gt), necessarily guides its mate wheel, n', in that 
direction also, and thus forces the -pring-rail, sic, away from the 
point, Py, and opens a flnngeway for wheel n'. In either case, the 
spring, h, restores the spring-rail, sic, to its normal position, in 
contact with the point, Py, after the passage of each wheel. 
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5S. Guide-box. Figs 17, 18. In order to prevent the free end, 
to, of the spring-rail, b to, from rising, when a load is concentrated 
at or neat- its other end, b, there is fastend, to the web of the 
spring-rail, near tc, a forging, the horizontal tongue of which 
slides in a guide-box, o, riveted to a flxt slide-plate extending under 
all the frog rails at that point. The guide-box acts also as a stop, 
to prevent the free end, to, of the spring-rail, from moving out too 
far. 

50. In order that the spring-rail head may fit snugly against the 
point-rail head, its flange must be cut away on the side next to the 
point. The spring-rail, thus weakend, is reinforced, ‘usually by a 
strap riveted or bolted to its web. 



FI*. IT. 



60. Provision against false flanges. Fig 18. If the bearing, 
betw the head of the spring-rail, s tc, and that of the point-rail, 
Py, is too short, a false flange (fl 52) worn on the outer edge of 
the tread of a trailing main-line wheel, m', passing from IT 
toward if, may strike the spring-rail flare, w, and thus wedge the 
spring-rail away from the point, To prevent this, the spring- 
rail, « ic, is given a longer bearing against the point-rail, Py, than 
would otherwise be necessary. For u similar reason, the spring- 
rail head, where in contact with the frog-point, is planed down to 
a groove parallel with the main-track gage-line, as indicated by 
the shading in Fig 17, providing a flangeway for false flanges. 

61. For Main Track only. Since ordinary spring-mil frogR 
present a full bearing to the treads of only main-track wheels, m\ 
Fig 18, and not to those of turnout wheels, n' and o', they are most 
useful where most of the traffic uses the main track, and where 
but few trains use the turnout. But see ft 60, 67. 
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02. Right and Left. Rigid frogs (except those with unequal 
wing-rails, U 50) may be used for right-hand or for left-hand turn¬ 
outs interchangeably; but spring-rail frogs must be made either 
right-hand or left-hand. 

63. Creeping. Fig 17. To prevent the spring-rail from creep¬ 
ing. without restricting Its lateral motion, the link, L, is used. 
The link is so set that the tendency to creep shall force the spring- 
rail against the tongue, und not away from it. 

64. In the hinged spring-rail frog (designd to avoid the neces¬ 
sity of providing against creeping of the spring-rail) the latter is 
divided at 8, Fig 17 ; und the portion b h is tixt in position, while 
the portion, s w, is hinged at w. Instead of at 8, where it is left 
lree to swing outward against a spring, which restores it to its 
place in contact with the point, after the passage of each wheel. 

65. On Cur vs. Figs 17. 18. When a spring-rail frog is used on 
the outside of a-main-track eurv, the centrif force of a main-track 
train, pushing against the spring-rail, between 6 and 8, tends to 
open it This tendency is resisted only by the gard-rail, g, Fig 18, 
opposit, but it is relieve! by slightly flaring the spring-rail away 
trom contact with the tongue near the point. 

06. Double Spring-rail Frog. In the double spring-rail frog, 
both wing-rails are equipt as spring-rails, and each moves inde¬ 
pendently of the other. Both ftangeways are closed when no wheels 
are passing. Such frogs are adapted to turnouts where the traffic, 
on main line and on turnout, is about equal. See fl 61. 

67. Sllri’na Wlng-rnll Frog. In the sliding wing-rail frog, the 
two wing-rails are rigidly connected, at a flxt dist apart; but are 
tree to slide together, so that either of them may rest against the 
tixt tongue, leaving a tlangeway between the other wing-rail and 
t te tongue. Wheels, either facing or trailing, open the flangeway 
(If it is not already open) by sliding the wing-rails over (facing 
wheels effecting this by means of the opp gard-rail). The wings 
then remain in the new position for following wheels. The wing- 
rails must slide, under high friction, while one of them carries the 
load of the first wheel: and nn obstruction, lodged betw one wing- 
rail and the tongue, may hold the wing-rails fast, and cause de¬ 
railment. Like the di»uble-spring-rall frog. 11 60. the sliding wing- 
rail frog is designed for cases where the traffic, on main line and 
on turnout, is nearly equal. See fi 61. 

Continuous Main Rail Frogs. 

68. In order to leav the main rail always unbroken, certain 
frogs so elevate the turnout rail that wheel flanges on the turnout 
pass over (insted of thru) the main rail, the treads being carried 
by short supporting rails, which are swung temporarily into posi¬ 
tion, meeting over the main rail for this purpose, and which are 
afterward swung aside, in opposit directions, from the main rail, 
in clearing the main line. The switch Is set simultaneously with 
the frog. 

Specification!!, Use, etc. 

60. Requirement*. In ordering frogs, specify type and details 
of construction; section and wt of rail; frog number or angle; 
length over all; length from half-inch point to heel; spacing of 
rail-joint holes at heel and at toe; thickness and dimensions of 
plate used; and, in the case of a spring-rail frog, or other frog 
with unequal wings at toe, whether right-hand or left-hand. In 
order that the parts may be Interchangeable, specify also that all 
frogs of one kind shall be made alike as to drilling of bolt and 
rivet holeB. Wing rails (which wear out much faster than point- 
rail*) can then be readily replaced. 
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70. Dimensions, Am Ry EnpR Assn, Manual, 1915, pp 168- 
170. Sises or Numbers. (See also end of thlB paragraph for 
other than AREA.) “Nos. 8, 11 and 1(5 frogs are recommended 
as meeting all general requirements for yards, main track switches 
and junctions. New work should be laid out, as far as practi¬ 
cable, for these three frogs, so as to effect the gradual elimination 
of frogs of other numbers, lessen the cost of manufacture, and de¬ 
crease the amount of stock carried.” 


Rigid Frogs. Figs 13 


Frog No. 

w 

K 

ir + a 

8 

r 9" 

8' 9" 

l.V 9" 

11 

0' 0" 

11' 6" 

17' 9" 

10 

8' 0" 

19' 0" 

24' 0" 



See also If 71. 

No. It spring frog. Fig 17. same dimensions as, for No 
frog, above 


H 

13 

1-’ Vi«" 
12 " 


11 rigid 


Diuma of bolts for all the foregoing rigid and spring frogs 
Rail, 100-lb 90-lb KO-lb 70-!b 90-lb 

Diam, ins. 1% 1% 1 % 1 Vs 

For spring-rail frags, Fig 17. 

Ends of uin-g mils chamfcrd at 45* with vertical 

No 11 spring frog has five % inch open-end prest-steel stop-blocks. 

Sises or Nos. For main-track slou'-specd turnouts, Nos 8 or 
9 to 12 frogs are commonly used; for high speed, as at ends of 
double track, Nos 15 or 19 to 20. In yards. Nos 9 or 7 to 8 or 9 
are used; in crowded industrial yards, for locomotive of short 
wheel-base, Nos 4 to 9. 

71. Flangewnys. A canvass of 59 railroads showed that 38 used 
flangeways, in frogs and lor gard-rails, 1%" wide; 18 used 1 7 &". 
and 3 used 2 ins. 


Gard-Rails. 


72. Fig 1. In passing thru the frog, each wheel is held to its 
proper course by tne gard-rail, g, gt, acting upon its mate wheel. 

73. Detail*. On the side next the track rail, the gard-rail flange 
is cut away (or the gard-rail is rolled with its web inclined toward 
the track rail) in order to allow room for spiking, in the narrow 
flangeway. Instead of rails, thus trimmed or distorted, heavy steel 
angles have been used as gard-rails. The standard flangeway 
width extends for one or two feet each waj from a point opp the 
frog point. The gard-rail ends are preferably planed down to a 
long bevel, to avoid their Indng caught by accidentally trailing 
objects; or the web, near the end, may be removed, and* the head 
bent down to the desired slope. In main track, the gard-rails are 
from 15 to 18 ft long. 

74. Fastening:*. The gard-rails (sometimes weakened by the re¬ 
moval of one flange, if 73) have to withstand severe lateral pres¬ 
sures ; and they are therefore supported, usually by rail-braces, 
secured to the ties on the side opp to the track rail. Or tie-plates, 
extending under both the gard-rail and the main rail, may he used ; 
or the gard-rail may be bolted to the track rail, and separated from 
it bv filler-blocks, which, near the flaring ends, act also as foot- 
garas. See fl 75. 

75. Foot Gordo. Where the clear space, between adjacent rails, 
is betw 2% and 5 ins. there is danger that men may have their 
feet caught and held In front of an advancing train. Such points 
are found at the ends of gard-rails, at the throat and hee! of frogs, 
in the flare of wing rails, and in switches. Foot-gards are intended 
to prevent, such accidents. They are required by law in some 
states. They are tovmd of piece's of plank, cut to fit the spaces 
and spiked to the tieK; or of properlv shaped wooden or cast iron, 
blocks or steel strips, bolted to the rail webs; or of steel bars, bent 
into a series of angles, and placed on edge 
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Switches. 

The Point Switch. 

For the stub switch, see M 96-99. 

For the Wharton switch, see flfl 119-126. 



FIRS. 19. 


76. (ienerul. tfgs 19« and 19b represent, In outline, the prlnci- 
pic of the point or split switch, now (n practically universal aie j* 
mu In lines. For simplicity, the rail flanges are omitted from the 
Figs, and only the rail heads are shown. In each Fig, the switch 
is shown set for the wheels marked “O. K. It is mlsplm-ed for 

the others The lead-rails, Lt and L iwe H 1, Hg 11, 
stock-rails, S and St, are permanently spiked to the ties, is the 
main stock-rail (or thru rail), and St Is the turnout stock-rail (or 
knee-rail). At H, the knee-rail. St, is bent to a sharp angle _ 
switch angle, s (Fig 21 >, and sometimes kinkt there, for the recep¬ 
tion of the toe of the point-rail, />' />', when set for the main 
track, as in Fig 19a. 



Ft*. 20. 


77. The switch or point rails, p D, p' D\ Figb 19, are formd 
from ordinary track rails, so planed, Fig 20 (for the taper at the 
point), as to leav the gage side straight; and they are left straight 
(except for very sharp turnouts, where they are sometimes curvd). 
They remain straight while being set for the turnout: swinging 
about their heels, D, D’, Figs 19. 

78. Length of Point. In ordinary turnouts, on lines where 30 
or 33-tt rails are used In the main track, the switch-rail length (for 
economy In rail-cutting) is usually 15 ft or 16' 6", or half a rail- 
length ; for high speeds, however, as at end of double track, switch- 
lengths of 20 to 30 ft are used; for yards and branches, 10 or 

58 
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11 ft. In any case, the Bwitch length must be at least such that 
the rail Joints, at the heels, D and D\ Pigs 19, shall not crowd 
the stock-rails. 

See table, Part 2, fl 47 



Fig. 21. 


79. The Switch Angle is the angle, s, Figs 20, 21, between 
the gage sides of the switch-rail and stock-rail. On account of the 

thickness, a b, Fig 21, of the actual point or toe, the theoretical 
switch-point, or the vertex, v, of this angle Is at a distance, = v a, 
from said actual point (See table of split switches, fl 94.) Actual 
switch-point thickness, a b, = c o tan *. 



Fig. 22. 


80 . Detail* of I)enlgn. Fig 22. To protect the thin portion 
of each switch-rail, near the toe, the top of that portion is planed 
down to about Mi inch below the top of the adjacent stock-rail, at 
p; but, from p, the switch-rail ton rises uniformly, in a varying 
distance, pu (see table fl b4), until, at u the top of the switch- 
rail Is about % Inch higher than that of the adjacent stock-rail, In 
order that the “false flange" of a gutterd wheel, Fig 23, may not 
foul the stock-rail, or wedge the two rails apart by dropping into 
the narrow space between them. From u, Fig 22, the top of the 
switch-rail maintains this superelevation for several feet, as to v, 
and then declines until the tops of the two rails are at the same 
level, as at w. Sometimes (for the same purpose) Instead of thus 
raising the switch-rail, at u, the stock-rail Is planed down to bring 
Its top below that of the switch-rail. 



Fig. 23. 


Him Protection and Reinforcement. To avoid danger of strik- 
Ing the open points, the throw, at p, Fig 19a; p'. Big 19b, Is 
made greater than would be necessary for merely passing the wheel 
fiugm. The Am By Enpif Ann, (we | 94, below) apectfle. S ln« 
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82. Except in yards and for slow traffic, the point-rails are rein¬ 
forced, at least thruout the planed portion, usually by a pair of 
strap pieces, from VJ to % inch thick, and wide enough to fill the 
space betw head and flange, riveted or bolted one on each side of 
the rail web. An angle-bar or a channel-bar Is sometimes substi¬ 
tuted for one of the strap pieces. 

S3. In the “ channel” switch, a piece of light T-rail, of proper 
length, is bolted alongside of the point-rail, from which it is held 
about 6" diet by two or three separators, placed at intervals. The 
resulting rigidity tends to prevent wrongly locking the switch when 
an accidental obstruction separates the two rails which should b* 
brought together. See 48, under Signals, p 981). 

84. Figs 19. Stopcocks, 6. or stop-lugs, are short metal blocks, 
bolted to the web of either tne point-rail (Fig 19a) or the stock- 
rail (Fig 19b) at suitable intervals, at points where the two rails . 
themselvs never come into contact. Their thickness is such as to 
afford a bearing betw either point-rail and the adjacent stock-rail, 
when these are at their nearest. They thus brace the point-rail 
against the stock-rail, enabling it better to resist the lateral pres¬ 
sure of passing wheels, which (owing to centrifugal force) is espe¬ 
cially heavy on curvs. Usually, one, two or three such blocks are 
placed on each side of each switch. 

85. Steel Slide Platen, R to fi ins wide, and spiked to the ties, 
extend under both the switch-rail and the stock-rail, betw toe of 
switch and the point when* the flanges of the switch-rail and the 
stock-rail separate. There are usually 8 to 8 such plates on each 
side of the switch. They serv the double purpose of guiding the 
■switch-rail to its seat on the base of the stock-rail, and (by means 
of a raisd seat on which the switch-rail rests and slides) of ele¬ 
vating the switch-rail above the stock-rail, as mentioned in fl 80. 
They are generally made to receiv rail-braccs to reinforce the stock- 
rail on the outside. 

86. Gage Plate. In place of the two slide-plates, next to the 
toe, a single long plate, extending entirely across the track, and 
called a gage-plat**. is sometimes used. It acts not only as a slide- 
plate, but also to hold the stock-rails to gage, by means of lugs 
attached to it. 

87. Tie Rods, Switch Rods, Tie Bars, Bridle Rods. Figs 19. 
The two point-rails are connected, as indicated, by means of tie 
rods (switch rods, tie bars, bridle rods), r, r', fastend preferably 
to the webs of the point-rails, usually by hinged connections, to 
facilitate the change of angle involvd in the throwing of the 
switch. 

88. The tie rods are sometimes made adjustable in length, in or- 
- dor to correct for wear and for accidental shifting of one or at 

both switch-rails. 

89. Number used On main lines, the tie rods are usually from 
2 to 5 in number. Their presence interferes with tamping; but 
when few rods are used, additional reinforcement of the switch- 
rails becomes necessary. 

90. Location. The tie rods are. placed below the levels of the tie 
tops, to avoid their being hit by wheels of cars, or dragd by parts 
of the rolling stock which may accidentally become partially de 
tacht. 

91. Cross-section. In point switches, the tie rods are usually 
flat, and are placed either vertically edgewise (in which position 
they resist canting of the point rails), or horizontally. 

92. Figs 19. The tie rod, r\ nearest to the toe Is called the 
head rod, or No 1 rod. At each end, it extends under the stock- 
rail, In order to prevent the toe end of the switch from rising out 
of olace. At one of Its endB it is Jointed to the connecting rod 
(usually 1 to lVi ins round or sauarel leading to the switch stand. 
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93. Specifications Required. In ordering point switches 
specify gage of track ; switch-rail length : switch throw, measd hi 
head rod; rail section; drilling for rail joints; switch angle; and 
heel spread. 



Fig. 21. (Repeated.) 



Fig. 22. (Repented.) 


94. Switch specification, Am Ry Kngng Assn, Manual, 1915, 
pp 178-9. 

Switch throw, 5 ins at center line of No 1 rod, r*, Figs 19. 

Heel spread, at D and at /)', Figs 19, C.25 ins betw gage lines of 
stock-rail and switch-rail. 



Frog number, 

Switch length 

P « 

V 0 

t - 

-A- 

- l - pi) 



Limitations Recommended Figs 19 

Fig 22 

Fig 21 

> 6 


11 ft Oius 

5 ft 

5.50 in? 

> 6 

>10 s 

10 ft 0 ins 

7 ft 

8.25 ins 

> 10 

> 14 11 

22 ft Oins 

Oft 

11.00 ins 

> 14 

10 

33ft Oins 

12 ft 

16.50 Ins 


Reinforcing bars, %" thick; height to fill space betw head and 
flange; length as great as heel connections permit. 

Two non-ad jus table switch-rods, %" X 2%"; placed horizontally; 
20" apart, een to cen. Con of head-rod 12" back from switch-toe. 

On each tie. tiro slide-plates, %" x 7", planed down to receiv 
stock-rail and braces. 

95. A three-throw switch, Fig 3, consists virtually of two 
separate point switches; and, in fact, these are sometimes so 
arranged, the points of the two pairs of switch-rails being placed 
about a switch-rail length apart, or in “tandem ’’ 

Stub Switches. 



Fi«. 24. 


M. Fig 24. The stub switch (still used in subordinate locations, 
as in turnouts from branch lines) 1 b simple in construction, and 
cheap in first cost, but expensiv in operation and maintenance. To 
avoid possibility of binding in hot weather, a considerable apace 
must be left betw the toes, t t, and the ends of the adjacent track 
rails, and this subjects the rail-ends to serious blows from passing 
wheels. Such blows are injurious both to the rail ends and to roll¬ 
ing stock. 
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97. Danger. A lateral shifting, of either the toe or the adjacent 
rail-end, relatlvly to the other, causes a shoulder, called "lip , 
which may become very dangerous. But the most serious objec¬ 
tion to tne unprotected stub switch is the inevitable derailment of 
trailing cars when the switch is wrongly set. 

98. Length. Stub-switch rails are usually full-length track 
rails, 80 or 38 ft long. Of this length, 4 or 5 ft, next to the heels, 
are spiked to the ties, leaving the remainder free to spring to a 
curv when thrown for the turnout. 

99. The throw, or dist thru which the toes move, must be at 
least equal to the rail-head width (usually 2 to 2.5 ins) plus a 
width (1.75 to 2 5 ins) sufficient to pass the wheel flanges. Usu¬ 
ally the throw is made from 5 to 5.5 ins 

Switch Stands. 

100. The lever, by means of which (thru the connecting rod) the 
switch is thrown, is housed in a “stand." The arrangements vary 
greatly. The lever may rotate in a vert or in a hor plane. Ir in 
i vert plane, this plane may be either perp to, or parallel with 
the track; the movement of the lever, in the latter case, being 
transmitted to the connecting rod by means of gearing or a bell 
crank. 



101. Ground or Tumbling Lever. Figs 25 and 26 show the 
“ground lever*’ or “tumbling lever" stand. In Fig 25, the lever 
moves thru an arc of a little more than 180°, in a vert plane, 
cither perp to, or parallel with, the track ; so that, when the lever 
Is at rest, its joint, a, with the connecting rod. is a little below 
the fulcrum, f, about which the lever itself revolve, or below dead 
center; so that the switch cannot be thrown by the lateral pres¬ 
sure of wheels pushing thru it. In Fig 26, the free end of the fever 
is weighted, and the joint, a, when the lever 1 b at rest, is above 
dead center. This permits the automatic throwing of a misplaced 
switch by trailing wheelR. See H 57. 
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FIk. 27. 


102. Revolving; Stand. Fig 27 shows 
one of many forms of revolving stand. 
The lever Is usually hinged, so as 
to hang vertically, and out of the way 
(as shown), when not actually in use 
for throwing the switch. The notches, 
at a, b and </, hold it in its three posi¬ 
tions, respectivly. The crank, c, Is usu 
ally formd, as shown, by bending the 
shaft, k; and the pin, p, to which the 
connecting rod is attucht, is formd by 
bending (up or down) the end of the 
crank. 

103. Fig 28a. If. in a revolving stand, 

the crank-pin is moved 1)0° from a to h, 
or rice reran, the lateral movement 
( = o'// — //o') ol the switch rail, is 
greater than that ( — />' o') which 

occurs when the crank-pin is moved 90° 
from b to c, or rice rcrsa. This may be 
rectified by setting the stand slightly 
askew, as indicated by the dotted lines: 
lor this shifts b' materially toward 

a', while a ' and o' are but very 
slightly shifted. Or. Fig 286, the 
stand may be so set that the line o 0, 
normal to the switch-rod, bisects 
the 90° throw of the crank, but this 
arrangement does not bring the 
crank to dead center in either 
position. For a given switch-rail 
throw, and given crank-throw angle. 
Fig 28a requires a longer crank than 
<)cn‘< Fig 286. 



FIr. 28. 


_O' 

(b) 


104. Lockn. To prevent tampering with the switch, the lever 
Is usually provided with a padlock and staples: but stands with 
self-containd and more elaborate locks have been used. See also 
end of fl 58, Signals, pp990 and 991. 

105. A target, at the top of a vertical shaft and operated 
simultaneously with the switch, indicates how the switch is set. 
The target may be a single disc, showing the switch-setting by its 
position (edgwise or flatwise to an approaching train) ; or it may 
have two discs, set at right angles, and differing in shape, in color 
or in both. See also Signals, fi 14, p 984. 


106. Low, Pony, Intermediate or High Stands are those in 
which the top of the target is > 2 ft. 2 to 4 ft, 6 to 8 ft, or about 
18 ft above ground, respectivly. Intermediate stands are In general 
use; low and pony stands are used betw neighboring tracks, and 
high stands where the target of a lower stand would be hidden 
by intervening objects. 


107. Lamps. For switches which are to la? used at night, the 
stand carries also a lamp, showing colors conesponding to those 
used on the target See SlgnalB, pi*84. Kerosene lamps are in 
general use: but. in large yards, incandescent electric lights are 
often used. 
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Automatic Switches. 

108. Automatic switches are those in which the connections 
with the stand are siuh us to permit the passagp of a trailing car 
when the switch is wrongly set for it. 

100. Figs 10a, 19b. The flange of a trailing wheel, n, on the 
stock-rail, crowding into the narrowing space betw it and the ad¬ 
jacent switch-rail, will (if not prevented) throw the latter over, 
away from the stock-rail, thus providing, for wheel n, a flaugeway 
betw those two rails; the other switch-rail being simultaneously 
thrown over against the opposit stock-rail, or into proper position 
for the mate wheel, n'. 

110. A “act-over" automatic switch is one in which the point- 
rails, when automatically thrown, as In 11 100, carry over the switch 
lever, and remain in the new position. 

111. In the “fly-back” automatic switch, the switch lever is 
not thrown when a trailing car passes a mis-set switch. The 
switch-rails are only temporarily pusht aside, and, after the pas¬ 
sage of each pair of wheels, are returnd to their former positions 
by means of a spring in the head-rod connection, in the connecting 
rod, or in the stand. The stand throw is made a little greater 
than the switch throw, in order to take up lost motion. 



112. Objections. Both forms are open to the objection that the 
throwing of the switch takes place while part of the moving load 
is bearing upon one of the relativly slender switch-rails, which 
must therefore slide while loaded. 

113. Lorens spring. Fig 20 shows, in principle, the Lorenz 
spring, much used In “fly back” automatic switches. The spring, 
8, is sometimes placed outside of the track. 

114. The repeated blow of the switch-rails against the stock- 
rails in automatic switches are injurious, especially to the slender 
switch-rails: and permanent compression of the spring, resulting 
from long service, may leave a switch-rail (after the lever is 
thrown) Improperly out of contact with its stock-rail, endangering 
facing wheels. 

115. The spring also may permit the lever to be forced home, 
even when ice, a small stone, or other obstruction, lodged betw a 
awltch-rail and a stock-rail, prevents complete setting of the switch. 

lie. Automatic * TVon-Automatlc. Frequently the rod, pass¬ 
ing thru the coil spring, is provided with two adjustable sleevs, by 
means of which the switch may be arranged, at pleasure, in either 
one of several ways. According to this arrangement (a, b, c, etc), 
a trailing car, coming to a misplaced switch may pass it freely if 
coming either 

(a) from the main line; 

(b) from the turnout; 

(c) from either the main line or the turnout; 

or the sleevs may be so adjusted as to prevent the spring from 
acting; the switch thus being renderd non-automatic, so that a 
trailing car, whether coming from the main line or from the turn¬ 
out, cannot freely pass the switch If the latter is misplaced. 
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117. The use of automatic and of non-automatic (“rigid”) 
switch stands, compared as follows:— 

In 1900, 24 roads used automatic, and 23 roads used rigid stands; 
in 1908, 23 roads used automatic, and 29 roads used rigid stands 
Eng News, 1908 June 4. 

118. Specifications Required. In ordering switch-stands', spe¬ 
cify switch throw at point of connection, size of head rod and 
whether vert or hor, diam of hole in head rod, length and diam of 
connecting rod. style of target and its height above ttye ties, and 
dimension of lantern tip on shaft. 



Wharton Switch. 

119. Figs 30a and b. We omit the rail flanges, showing only the 
rail heads. Moving rails are shown white. Wheels, for which the 
switch is properly set, are markt ”0. K.” Fig 30a shows the 
switch set lor the main line; Fig 306 shows It set for the turnout. 

120. A Y and B Z are the main-track rails. They are continuous 
(except, of course, that B Z is broken at the frog, beyond the Fig), 
and are spiked to the ties thruout. They are not moved or broken 
In the working of the switch, p D and p' D f are the switch-rails. 

121. The Switch-rail, p' D' (the “elevated rail"), is blunt- 
ended. At its toe, p', its top is level with that of B Z; but, at u. 
4 or 5 ft back from the toe, its top is about 2" higher than that ol 
B Z. This enables the flange of wheel m, in passing to or from 
the turnout, Fig 306, to clear the main rail, B Z. p' D' retain* 
this elevation from u to its heel, /)'. Beyond D’, the turnout rail, 
continuous with p' D*, slopes downward until its top is at th* 
normal level. The “point-rail,” pD. is elevated also, to prevent 
the lateral rocking of rolling stock which would otherwise result 
from the elevation of p' 1)'. 

122. The reinforcing: or “point” card-rail, O', Is bolted to, and 
separated from, the point-rail, p IK and moves with it. Flange 
way is left betw their heads. In Fig 306, by confining the flang* 
of wheel m', g * holds the flange of wheel m clear of the head ol 
rail B Z, In coming down the incline, u p'. 
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123. In Fig 30b the point, p, fits close against the head of the 
main rail, A Y; so that the flange of wheel m', moving in either 
direction, clears the point, p; and the flxt gard-rall. g, confining 
(he flange of »j. holds m' away from A Y, thus affording additional 
protection to the point, p. 

124. Early patterns were provided with special attachments, 

designed to receiv, from the turnout, a trailing car when the switch 
was set for the main line, and to guide it safely on to the main 
track; but this device has been abandoned, on the ground that its 
cost and complication are not warranted by the probability, under 
proper management, of such misplacement. 

125. Trailing. Fig 30b. If a trailing car moves along the main 

track while the switch is set for the turnout, the flange of its 
first wheel, n, pushes aside g" (compare Fig 30a) which, pulling 
the rod, r. throws the switch into the proper position for the main 
track, as in Fig 30a. « 

126. For proper working of the Wharton switch, the 
main-track gage, at the switch, is made half-inch wider than the 
standard gage. 

Computation**. 

127. Many of the approximations, permissible in computing 
turnouts of small angle, such ns are usual on steam lines, are in¬ 
admissible in street railway turnouts and crossings, where the lay¬ 
outs are frequently very complex. Hence, the design of such work 
is preferably entrusted to mfrs who specialize in it. 

Ties. 

12R. Turnout Ties, for standard gnge, vary, in length, betw that 

of an ordinary tie (say 8.5 ft) and 24 ft. One or two ties, 12 to 16 
tt long according to the style of switch stand, are used at the toes 
of split and of stub switches as a seat for the stand, and are called 
lleiul-fllockN. The set of ties should extend, beyond the frog, to 
a point where the ends of the ties of the two tracks do not inter¬ 
fere. Ties 7X9 ins are commonly used, except under the frog, 
where 7 X 10 ins ties are used, to give greater bearing area, and 
strength to resist the shocks of wheels passing over the frog. They 
are generally orderd in lengths varying by 6 ins. For ties in gen¬ 
eral, see under Track, p784, etc. 

Switch Ties. 

120. DlKCftt of Am Ry Engng A««n Specifications. Manual 

1015, following p 176. 

All 7" X 9". 


lengths for 8' 6" track-ties. For 8'ft" track-ties, the switch-tie 
lengths are in general 6 ins less than here given. 


Length, ins 

180* 108 114 120 128 132 138 144 150 156 

Frog No 8, 
Frog No 11, 
Frog No 16, 

Number of switch-ties, beginning at «ritch-polnt 

287543333$ 

2 12 10 8555334 

2 20 14 10 9 6 6 6 5 5 


(Table concluded) 

162 168 174 180 186 192 198 Tot»l 

Frog No 8, 
Frog Noll, 
FrogsNo 16, 

Number of switch-ties 

2323232 58 ties, 3851 ft B M 
4832883 78 “ 4814 ft “ 

5 5 4 S 5 4 5 115 " 7111ft " 


•Each turnout has two head-blocks, 7* X 9*, 15 ft long. 
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130. Tie Spacing, for turnouts. Beginning at switch-point. 

Center to center. For use with 8' 6" track-ties. 
_Ties 7" X 9"._ 


f Number of ties, 
Frog No 8 -< Space, ins 
l Total, ins 

(ifliVll t fpK 


f Number of ties, 

10 21 9 13 5 10 4 5 

77 

Frog No 11 -< Space, ins 

mm. i»i » 


1 Total, ins 

KEfiff a® MaEfEil 

126' 3" 

f Number of ties, 

V XHBBWS MU 

114 

Frog No 16-{ Space, ins 

B <B» 9 CE!iB AM 


l Total, ins 


186'7" 


Timber Bill*. 


The following are typical timber bills for double (three-way) 
turnouts and for crossovers. 


131. For Double Turnout*. Two headblocks 7" X 10", 16' 
long. Ties under frogs spaced 23". ♦ Other ties spaced 24". 


Length, ins. 

108 

114 

120 

126 

132 138 

144 150 

156 

162 


Number of ties, beginning at switch point 




5 

4 

3 

2 

2 1 

1 1 

2* 

1* 

Frog No 8, 

5 

4 

4 

2 

3 2 

1 2 

1* 

1* 

Frog No 10, 

5 

4 

4 

3 

3 2 

2 2 

2* 

1^ 




(Table continued) 




Length, ins. 

168 

174 

180 

186 

192 198 

204 216 

2°2 

228 


Number of 

ties, 

beginning at switch point. 



Frog No 6, 

1* 

0 

1 

1 

1 1 

1* 1* 

1* 

1* 

Frog No 8, 

2* 

1 

1 

1 

2 1 

1* 2* 

0 

2* 

Frog No 10, 

1* 

2 

o 

2 

2 0 

2* 2* 

0 

2* 




(Table concluded) 




Length, ins. 

240 

252 

264 

270 

276 288 

Total Ft B M 



Number of ties, beginning at switch point 



Frog No 0, 

i 

2 

1 

0 

2 1 

38 

3069 


Frog No 8, 

2* 

2 

2 

0 

1 2 

47 

3828 


Frog No 10, 

3 

2 

2 

2 

2 3 

57 

4754 



132. For CroRKovem. (13 ft cens). Four headblocks 7" X 10", 
16' long. Ties under frogs spaced 23". Other lies spaced 24". 


Length, insJ 

102 108 114 120 126 132 138 

Frog No 6, 
Frog No 8, 
Frog No 10, 

Number of ties, beginning at switch point. 

8 8 6 6 6 4 4 

10 8 8 6 6 6 6 

10 10 10 8 8 8 8 

Length, inB. 

(Table concluded) 

144 150 156 258 258 Total Ft B M 

Frog No fl, 
Frog No 8, 
Frog No 10. 

Number of ties, beginning at switch point. 

4 2 4* 4* 6 02 4392 

0 0 4* 4* 9 79 5544 

6 6 0* 6* 11 97 6817 


•Frog tie*, 7* X 10". Other tie*, V X 9". 
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Laying. 

133. Time required. When not greatly interrupted by passing 
rains, “a good foremun and six fair trackmen can put in either 

stub- or a split-switch turnout In one day of ten hrs, Including 
tie removal of old track ties and putting in switch ties. Camp, 
lotes on Track, p 298. 

Miscellaneous. 

134. To prevent creeping: of the point-rails, dependence is ugu- 
Uy placed upon slot-spiking the four rail-joints at the ends of the 
rog, those at the two point-rail heels, and the intermediate joints 
n the lead-rails. Anchoring the switchpoint rails, at their heels, 
o the neighboring stock-rails, has given trouble by crowding the 
oints out ot line. 

lemovnl of Ice nnd Snow. 

135. Steam Heating:. Where numerous switches are in prox- 
mlty, they may be economically kept clear of ice and snow by 
iteam pipes, fed from some central source, and laid betw several 
»airB of switch ties, near the point, the ballast being first removed. 
The pipes are provided with automatic traps, which allow the con- 
lenst steam to escape, and thus prevent its freezing in the pipes. 
Jee Ry Age Gaz, 1010 May 13, p 1199. 

138. Burning Fluid. Turnouts have been cheaply and expedi¬ 
tiously cleard (and kept clear) of ice and snow, by means of: a 
fluid hydrocarbon (a by-product of the Pintsch gas plant), applied, 
where needed, by means of a safety distributing can, ttn £ 
l'he fluid burns, in spite of wiud and snow, melting, and 1 finaHy 
»vaporating, the snow. The flame temperature Is not sufficient to 
injwre the rails. The fluid costs from 3 to 5 cts per gallon. Where 
several neighboring switches are to be servd, the liquid is stored 
In tanks, and distributed, by gravity or by comprest air, thru 

P *&ee Engineering-Contracting, 1908, Sep 2, p 151. 

137. To protect Hwltch rods from becoming bent or broken In 
cases of derailment, a sawd tie may be placed each side ol eacn 
rod, leaving 2.5" clear space, betw ties, for the rod. In cola 
weather, bent rods should be heated before it is attempted to 
straighten them. Ballast should be kept clear of the rods, ana 
well draind in tbeir vicinity, especially in cold weather. 



CROSSINGS 

138. Fig 31. A crossing consists essentially of four frogB, e, e, 
o and c, and the necessary gard-rails. 

139 . The eroeolng angle, or end -,for angle, is the angle, P, 
betw center lines ol the two straight crossing tracks. 

i.n Where F = 90 *. the lour frogs are all alike. In Fig SI 
the two sharp "end” frogs, e„ are alike, and similar to turnout 

km Ask 

"Solnta^ formed h, the angles to the gard-ralto, carry no wheel*. 
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141. Where one or both trackM are curvd, the frogs all have 
different angles; and are curvd thruout Crossings of cnrvd tracks 
are best avoided. Problems concerning them are conveniently 
solvd by means of large-scale plottings. 

142. Double-rail CroMitlng. Fig 31. If the middle gard-ralls 
are extended, both ways, until they meet opposit the end frogs, 
and are properly fllled, bolted and connected, the strength and 
durability of the crossing are greatly increnst, and it is called a 
“double-rail” crossing. In this case, the end frogs, e, (as well as 
the middle frogs, c), are “double-pointed” (fl 140). 

143. An easor rail (fl 52), to carry “false-flanges”, is sometimes 
bolted outBide the running rail. 

144. When P exceeds say 35°, the webs of both of the main, 
gard and easer-rails of one of the two tracks, sometimes run thru 
the crossing uncut; the llangeways, for wheels on the other track, 
being cut thru the heads only of these rails. 

145. When P in betw 15° and 40°, the four frogs usually meet 
directly; but in small-angle crossings, to avoid handling long frogs, 
pieces of rail are laid betw the ends of the frog rails, as in Fig 31. 
For convenience in shipping and handling, crossings are made with 
as few field joints as possible. 

146. When F 1m Ichk than say 10°, Fig 31, the middle frog 
points are nearly opp each other on either one of the two tracks, 
and cannot be properly garded. Thus, wheels m and in' might 
leav their proper track, .4 B, at the middle frogs, and take track 
CD; or wheels n and n' might leav track D C, and take track BA. 


Fig. 32. 

In such cases (Fig 32) the middle gard-ralls a»e.diBpenst with, and 
a “movable point center frog”, consisting of two pairs of short 
point switch-rails, facing each other, is used. These switches are, 
as required, seated against one of the two bent stock-rails, as 
shown. They may be operated by an automatic switch-stand, so 
that, if a train approaches a wrongly set crossing, the forward 
wheels force open the trailing switch-rails, and automatically throw 
the facing switch-rails into proper position. 



Pig. 33. 


147. Slip-Switch or Combination Crowing. Fig 33. At A 

small-angle crossing, traffic may be intentionally diverted from one 
track to another by means of a sltp-swltch or “combination cross¬ 
ing”, consisting of an arrangement of switch and connecting rails 
in addition to a regular crossing, all placed betw the two end 
frogs, e. Fig 33 shows a double slip-switch. In a single slip- 
switch, the switches and connecting rails are provided on one side 
only. 

148. The slip-switch is especially useful for connecting a leader 
(see II 12b) with the parallel tracks which it crosses. Such a com¬ 
bination saves much room, lengthwise', and givs a straight line, && 
compared with a series of separate crossovers. 
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149. Movable-point center-frays may be used, as In Fig 33, In 
slip-switches; hut ordinary rigid middle frogs are used instead, 
both with single and with double slip-switches, except where the 
angle is so small that the wings of the frogs interfere with the 
curvd rails connecting the switch-rails. 

150. Switch levers. These crossings may be operated by an 
ordinary switch-stand for each pair of switch-rails and one for 
the movable-point center-frogs, if such are used; or all the switches 
may be connected by a system of rods and cranks, and operated 
from a single stand, while the movable point-frogs are operated 
from another stand. Or the switch-points and movable frog-points 
may be so urranged that they operate together. 

151. Continuous Rail Crossings. In crossings of very large 
angle, the wheels, in crossing the flangeways, drop into them, de¬ 
livering severe blows to rolling stock and to track; and devices 
have been constructed which afford continuous rails at such cross¬ 
ings, by means of a short section of rail, or its equivalent, which, 
thru an interlocking system, can be placed temporarily in line 
with the rail to be used. 

152. Ties. Crossing ties, extending under both tracks, are 
usually laid at right angles to the long diagonal of the d amond 
formed by the crossing rails; sometimes at right angles with the 
line carrying the heavier traffic; and sometimes ordinary-length 
ties are used, at right angles with each track. For ties, see fl 128. 

153. Specifications Required. In ordering crossings, specify 

type of construction ; crossing angle, F, Fig 31; track gage; dis¬ 
tance, cen to cen, betw parallel tracks, if there is more than one; 
rail section ; lengths of arms of frogs; and bolt-hole spacing re¬ 
quired in ends of arms to suit rail joints in use. 
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TURNOUTS AND CROSSINGS 

PART II. THEORY 

Geometry of Turnouts. 

For Construction of Turnouts, see Tart I, p822. 

1. Accuracy. Scrupulous accuracy is not necessary in the 
measurements of turnouts. A deviation of several per cent, in 
length of lead or of turnout radius, from the theoretical value, 
will seldom be noticeable. The traind eye of an expert trackman, 
or a large-scale drawing, may secure as good result^ as careful 
calculation. Nevertheless, the engineer should be lnformd as to the 
broader features of the geometry of turnouts. We therefore give, 
below, equations (both exact and approximate) covering the simp- 
U-r cases. 




Frog angle and frog number. 

For description of frog, see Part I, fl 40, etc. 

2. Frog Angle. Figs 1 and 2. The theoretical frog point, P, is 
the intersection of the two gage-lines bounding the frog-tongue. 
The frog angle, F, is the angle, at the theoretical frog-point, betw 

tU 3 . t Hoto ga letSuii. Figs 1 and 2. The frog angle, F, depends 
upon the Bharpness-difference (H 211) betw the turnout oury and the 
main-line curv (if any) and upon the track-gage. 

4 How exvrest. Fig 2. The frog angle is usually exprest by 
means of the ratio, k/i betw the length * (not shown), of any 
Dortion of the frog, and the increase, < (not shown), of the frog 
width within that portion. This is also the ratio tetw any given 
portion, (m or «, beginning at P, see below of the frog length, 
and the corresponding spread, h. This ratio is called the frog 
number, N. 

5. Frog Number. N is detennind in two dlff ways, viz:--^ 



ft. The Am Ry Enqng Assn makes N = m/h = % cot(F/2), 
as in Fig 2o (see values of F, in table. Manual, 3935, p>184) ; but 
railrqad companies and mfrs are divided as 10 Iheir practice in this 
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respect; many preferring the second formula, N = g/h, Fig 2b, 
because the frog length is customarily and more satisfactorily 
measd along a gage-line, 8, than along the center line, nt. More¬ 
over, the length, so measd, 1 b usually in even figures of ft and Ins; 
and hence the spread is easily found by mentally dividing said 
length by the frog number. 

7. Comparison of frog angles, Fm and F» _ 
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9. To determin the number of an actual frog, Fig 3; find any 
part of the lrog, where the (list, h or t, betw gape Tints (fi 2) is 
unity (say 1 ft, or the length of a pencil or pocket-knife). Then 
N = dist, hP or tP, from that part to the theoretical frog- 
point, P (see 2) measured in the sume unit, along the center- 
line, If, or along a gage-line, 8, according to the definition of N 
adopted (see 6). Or (since the theoretical frog-point, P, is not 
easily located) measure both widths, h and t (betw gape-lines), at 
any two convenient points in opp directions from the frog-point, 
and the dist, M or 8, betw said points. Then, 

M 8 

A T =-or-. See 5 

h f- t h -f- £. 



Fig. 3. 


10. Actual Frog-Point. Fig 1. In practice, the tongue ends 
at the “actual frog-point” (or “half-inch point”), where the tongue 
is about wide; leaving a small isosceles triangle betw the 
actual and theoretical points. (See H2). The length of thiB tri¬ 
angle, or the dist betw the theoretical and actual frog-points, is 
the product of the actual frog-point width hy the frog number. Jv. 



Fig. 4. 

11. When angle la small. As an angle, A, approaches zero, as 
a limit, the values of A X cot A ( = A/tan A) and of A X esc A 
( = A/sinA) approach unity, A being exprest in radians of 
67.295 779°. (fl2, p97). Hence, the same values, exprest in degrees, 
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approach, as a limit, 57.295 77!)* (log = 1.758 1220) ; and. In small 
angles, we have approx:— 

for A in degrees, A° = r>7.3°/cot A = 57.3 sin A; 

F = 2 X 57.3/cot(F/2) - 2 X 57.3 sin(F/2) = 57.3/A'. 

For A in minutes. A' = 3438'/cot A = 3438 sin A.. (3) 

STUB SWITCHES 

Circular turnout curv from tangent 


General. 

12. Pie 4. lx*t the lead curv, A P, of the gage side of the outer 
turnout rail be a simple circular curv, from the beginning, A, of the 
turnout, to the theoretical frog point, P; said curv being tangential 
to A y and to P y, at A and P, respective. Ibis condition is 
seldom perfectly realized in practice; but it is approximately real¬ 
ized, even in point-switches, fl 35, and it givs equations which, on 
account of their simplicity, are sometimes used, not only for stub- 
switch turnouts, but also (as being sufficiently approx) for point- 
switch turnouts. They are therefore given below, altho the stub- 
switch is now used oniy in subordinate locations. 

13. Equations. Fig 4. Stub-switch turnout from tangent. Let 

a = A B . — truck gage; 

r = Oa = 0 A - G/ 2 

— OB + 0/2 . = turnout center-line radius; 

O . — turnout curv sharpness ; 

a . — turnout sweep, from switch- 

^ . heel, A, to frog-point, P; 

F "= A = BPV 

— YVP — AO P - -- irog angle; 

B = m/fc, Fig 2, 

= 1/j cot (P/2) (See fl 5) = frog number; 

h = pp . = lead — frog distance; 

C — A P . = outer-rail gage-side chord; 

. = middle ordinate for C; 

q . . — quarter-point ord for C; 

111 (not shown. = P pr P offsets from tangent to 

quarter-points of arc, A P; 

X, (not shown), x,. = abscissas for offsets, v; 

s (Fig 10). = switch angle; 

I ... ::r switch length ; 

, . \ ’ [. switch throw. 

14. Frog angle, F, = turnout sweep, &. 

Functions of F and of [F/ 2). 

L l 

Sin F =-; tan F = -—— ; 

r + (G/2) r - (0/2) 

sin F r - (0/2) 

cos F — - —-— 

tan F r + (G/2) 

versF = ----■ F = approx D L/100 .(4) 

r + (G/2) 


•This Is also the number of degrees in the angle ( = 1 radian) 
whose are = radius, and is alBO the length of the radius of a curv 
in which an angle of 1” is covered by an arc whose length is unity. 


32 
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For functions of F In terms of A’, see fl 8. 
Cot ( F/2) = L/O = 2 A = r/ON; 
I'an (F/2) = G/L = 1/(2 A) = GA/r. 

15. Frog number, N. 

cot (F/2) 

A = .- 


L r I r r tan (1 

“2G _ 1""\2g“ G 


(5) 
(F/2) 


.( 6 ) 


ss approx 1/(2 >/G t) = approx 5730°/D° L . 

16. Turnout center-line radius, r. 

r = L/sin F — G/2 = L/tan F -f G/2 = G/versF - G/2 

cot* (F/2) DA 

a Q ---= G A’cot (F/2) =- 

2 tan (F/2) 


= 

2 A’G = L 9 /2 G 

= AL = 

approx 

Z*/2 t .... 

..(Tl 

17. 

Turnout center-line sharpness, I). 

Sin (D/2) = 50/r = 25/A 9 G 



D rr 

100 F 

arc, a p, ft 

100 F 

approx- 

L, ft 

57.3° 

= approx- 

A 

100 

' 2AG 


2865° 

608° 

for G 

— 4 ft ft.K ins. 


* pprox y, a 

A 9 




5730° 




,..(8) 








18. Track gage, G. 
L 

G = - 

cot (F/2) 


L 

~2N 


2 A* 


L* 
2 r 


\ sin F / \ tan F / 


= approx 


l 7 

4 AM 


L*< 


= approx 


.(»> 


19. Lead or frog distance, L = B P. Fig. 4. 

L = [r + (G/2)] slnF = [r - (G/2)] tanF = G cot (F/2) 
= 2 G A = r/A =r VJrG = 2 r tan (F/2) 

= (approx, in ft) 100 F/D .(10) 

20. Long chord, C ( = AP), to gage- side of out er lead-rail. 

0 = 2[r + (G/2)] sin (F/2) = Vg 9 + L 9 

== G^l + 4 A a = approx 2 r sin (F/2).(11) 

21. Offsets, 7 , from gage-side of main-track rail to gage-side of 
outer lead-rail. 


A. Exact values of y. 


mi 


B. Approx- A/B 

imate values when F = 12* 
of y (A = 4.70)* 


(G/2) 
(G/2) 

i: = ir + (G/2) 


vers (F/4) 
vers (F/2) 


vers 

vers 


= G/16 
= G/4 
(2 F/4) =9 G/16 


1.0034 

1.0027 

1.0016 


il 2 ) 


•With smaller valueu of F (greater values of A) the approxi¬ 
mation for Vi. V* and v* ia closer. 
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22. Ordinate* from long chord, C ( = A P) to gage-side of 
outer rail. 

22a. Middle ordinate, M. 

M = [r + (*7/2)Ivors (F/2) 

= approx <7/4 = approx 14% ins when *7 = 4 ft 8.5 ins. 

When N = A 8 1C 

we find M/(0/4) = 1.0039 1.0010 1.000244 .(13) 

22b. Quarter-point ordinate, Q. 

Q = V[r + (0/2) J*^I" (C/4)* + Jf - (0/2) - r..(14) 
rr + (<7/2)] sin (772) 
where C /4 = -- 

Q = approx 3 0/16 = approx 0 1875 0 

= approx 10.6 ins when O = 4 ft 8.5 ins.(15) 

When F - 12°, (2V = 4.76), 

Q 

- = 1.0035. 

3 0/10 

With smaller values of F (greater values of X), the approxi¬ 
mation is closer. 

23. In stub-switch turnouts, the middle and quarter point ordi¬ 
nates are nearly independent of the frog-angle, F. When TV" = 4, 
N = 16, and gage = 4 f t 8.5 Ins the middle ords, to gage side of 
outer rail, compare as follows: 

mid ord, N = 4 1.18165 ft 

- = -= 1 00363 

mid ord, N = 16 1.1773? ft 

But see fl 38. 

24. Switch angle, a, length, 1, and throw, t. For the relation 

betw these we may take 

t = l sin s .•.(18) 

25. Dimension*. Circular Turnout from Tangent. Fig 4. 
Gage, 4 ft 8.5 ins = 4.70833... ft. 

Switch-throw = 5.5 Ins = 0.45833... ft. 

Jf = frog number; C — AP = chord; 

F — frog angle; L — BP = lead; 

r = turnout center-line radius; l = switch-rail length; 

D = turnout sharpness;_ t = throw._ 


fl 

F 

m 

lOfjr 

D 

O 

L 

l = 

2 N^Ot 

n 



2.17802 

38°4B' 

37.38 

87.67 

11.75 

5 

11 °25'16" 

235.42 

2.37184 

24° 32' 

mix&i 

47.08 

14.69 

6 

9“31'38" 

339.00 

2.53020 

16°58' 

56.30 

56.50 

17.68 

7 


461.42 

2.66409 

12°27' 

65.75 

65.92 


8 


602.67 

2.78008 

9®8t' 

75.19 

75.33 

EmI] 

9 

8°21'35" 

762.75 

2.88238 

7° 31' 

84.62 

84.75 

26.44 

10 

5°43'29" 

941.67 



■IjTwjTil 

94.17 

29.38 

11 

5° 12'18" 

1139.42 

3.05668 



103.58 

32.32 

ira 


3 356.00 

3.13226 

4° 14' 

112.90 

113.00 

35.26 

13 

4°24'19" 

1591.42 


3° 36' 

122.33 

122.42 

38.19 

m 

mama 

1845.67 

3.26635 

3° 06' 

131.75 

131.83 

41.13 

15 

3°49'06" 

2118.75 

3.32608 

2°42' 

141.17 

141.25 

Wmm\ 

[16 

3°34'47" 

essm 




150.67 
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RAILROADS. 


Turnout from Curv. 

26a. Fig 5ft. For stub-switch turnouts from tangents, f 25 gives 
the sharpness, D, the radius, r, and the lead, L, = BP, for frog 
numbers from 4 to 16. The middle ordiuate. 


/ 0 \ F 

I r + — I vers—i fr 

\ 2 / 2 


oui the chord A P to the turn¬ 


out frog-rail gage-side, is practically the same for all frog num¬ 
bers. See H 25. 


26 b. Rut, Figs 5a and 5c, when a given frog number is used 
in a turnout from a cutvd main track, all these functions (includ¬ 
ing the ordinates) are affected; and tlnjir values depend not only 
upon the sharpness, fl», of the main-track curv, hut also npon 
whether the turnout curvs in the same direction with the main- 
track curv, Fig 5a, or in the opposit direction, Fig 5c. 


27. Symbols. Figs 5. Let 

Cot (F/2) 

0 = gage; F = frog angle; A =—— -— -—frog number, 

and let other symbols denote as follows : 



For curvd 

For turnout | 


main track 

Figs 5a, c 

from tang 
Fig 5b 

from curv 
Figs 5«, c 

Center 

Om 

0 

Or 

Center-line radius # 

fm 



Sharpness 

Dm 

D 

De 

Sweep, from beginning,, a, of 




turnout, to frog-point, P, 

Am 



Ordinates, from long chord, A P, 
to turnout frog-rail gage-side 


M 

Me 

Mlddle-ordlnate 

— 

Quarter-point ordinate 


0 

Qc 

Lead, B P, 


L 



28. Relation*. Then, comparing first Fig 5a and then Fig 5c 
with Fig 5b, we find, for a given frog angle, F :— 

Fig 5a, when the two curvs arc in the name direction, 

l)c > />; re < r; Le < L; Mo > M. 

Fig 5c, when the two curvs are in opposit directions, 

Dc < D; r e > r; Le > L; Me < M. 


29. Sharpness Difference. 

main-track curv, M M’, be I)m, 
be Dc. (In Fig 6b, Dm — 0.) 


Figs 6. Let the sharpness of tht 
and let that of the turnout curv, T 







TURNOUT ARRANGEMENTS. 


855 


Then, for their sharpness difference, Da, we have:— 

Da = Dr ± D m ; plus for Fig Go; minus for Fig Go; 

or 

Dr ~ Dd ± Dm ; plus for Fig Go; minus for Fig 6c. 

(17) 

If (Fig 7 c) the main track has the sharper curv, or Dm > Dr, 
we hav: Dd ( = Dc — Dm) negativ, and De — Dm — Da. 

Eqs (17), above, are exact, when D — sweep per arc unit. See 
Curvs p 878, fl 20. 

• 30a. Arrangements. Let Figs 7 represent a series of turnouts, 
7' (shown dotted) each leaving the main track (shown solid) on 
the right, with constant frog angle, F: and, beginning with Fig 7«, 
let the main track deflect progressively toward tlve left. We then 
have:— 



Fig 


7o 1 

r m ~ cio; 
A = P 

Tr 

r„ = *v 

Id 

jy — oo; 
A m = F 

7c 

Cens (and deflec¬ 
tion from tan¬ 
gent in our 
Mgs) 

Main —, 0« 
Turnout —, Or 

■ 

■ 

■ 

■ 

■ 

right 

0 

left 

left 


right 

right 

right 

0 

5t9 

Turnout leavs 

main track on 

inside 


outside 

outside 

outside 

Frog rail 

Main —, B P 
Turnout—, A P 


inner 


outer 

outer 

outer 

outer 

outer 

outer 


inner 

Radii 

Greater 

Main —, r m 

Turnout —, re 


main 

main 


turnout 

turnout 

incrsg 

00 

decrsg 

decrsg 

decrsg 

increasing 

00 

decrsg 

Sweeps 

Main —, A « 
Turnout —, A* 



decreasing 

0 | incrsg| 
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RAILROADS. 


30 b. We see, therefore, that a turnout may be a tangent, Fig 7ef, 
>r a eurv in either direction; and that, if a curv, it may leav 


Fig 7 b, a main-track tangent, as in our preceding articles; 

Fig 7 c, a main-track curving in the opp dir’n, (cens on opp 
odes of track) ; 

Figs 7 a, c, a main-track curving in the same dir'n, (cens on same 
ode of track). 

30c. When the turnout is a tangent (Fig 7d), it necessarily 
leavs the outside of the main-track curv; and the frog angle, F, is 
then the same ( = turnout sweep, A"*) as * or a turnout (Fig 7 o) 
if radius r — r m , Fig 7 d, leaving a main-track tangent. 


30d. When the two curvs are in opp direction* (Fig 7c), 
(centers, Om and Or, on opp sides of the track), the turnout curv 
also necessarily leavs the outside of the main-track curv. 


30e. When the two curv* are In the name direction (Figs 
la e) (cens, Om and Or, on same side of track) the turnout may 
leav either the inside or the outside of the main-track curv ; but we 
assume (Fig 7 a) that, In this case unless otherwise specified or 
obvious, the turnout curv has the shorter radius, so that it leavs 
the inside of the main-track curv. 


31a. Equations for turnouts from curvs. For symbols, see II 27. 


For approximate equations, see fl 31 ft. 


± A>» = F ± A4: ± A' = ± A"*t; .< 1S > 

l’an(Am/2) = O N/r m ; Tan(A*-/2) — GN/n; .(D» 

± F — A«- ± A»* :* A = Vi cot<F/2) ; .(20) 


t'm 


30 Q N 

sin (Dm/2) tan(A>~/2) 


( 21 ) 


sin(Di 


5° ON _ / \*Ki 

(Dc/2) ~ tan(Ac/2) V - 1 8 


♦sin A*» 


sin A« 


2 

( 22 ) 


sin (Dm/2) = 80/r m ; sin (Dr/2) = 50/r«; 

Dd — Dr + Dm,** .. 


(23) 



Q c = >lKc* — *» -V Me — Ro .(25) 

where Ro = re -f (0/2) ; x = A P/4 = % Ro sin(A«/2) 
31b. Approximate equation*. Fig 6. For a circular turnout 
from a curv, the principal functions may be found approximately, 
as below, by comparison with the corresponding functions in a 
turnout from a tangent. 

With given gage, G, and given frog number, N, let the following 
nomenclature be observd. 


•Plus for curvs in opposit direction; minus for curvs in same 
direction. .... . . .. 

7Plus for curvs in same direction; minus for curvs in opposit 
direction. 
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In turnout 

In turnout from curv | 


from tangt 

Correct 

Approx 

Cen-line radius 




of main line, 

r.( = oo) 

r m 


of turnout. 

r 

To 

reu 

Sharpness 




of main line, 

Dm( = 0) 

Dm 


of turnout. 

D 

Do 

Dorn 

Sharpness-diff, 

Dd{ =D) 

Da 

Dim 

Lead, 

L 

( =Dc ± Dm)* 
Lo 

Lou 

Ordinate, 




middle—, 

M 

Mo 

Moa 

quarter-point—, 

Q 

Q . 

Qea 


Then, for a given gage, G, and given frog number, N, we have:— 
Approx ; see fl 31c 


Dia = D; Dcm = Dda ± Dmr C a = 50/ain Vi Doa 

Lou = L; Moa = M (1 ± Dm/D )f ; Qr. = Q (1 ± Dm/D )f (26) 


31 c. The following table show's the degree of approximation in 
the approx equations (20), f 31 b 


I 



■ 


mm 

sbi 


BHWI 


HI 

Da/D 

Da/D 

Di/D 

Da/D 

Da/D 

Di/D 

H 

1.0042 

1.0088 

1.0196 

0.99627 


0.98773 


1.0019 

1.0044 

1.0115 

0.99878 


0.99902 

B1 

1.0018 

1.0054 

1.0176 



1.0095 


»/»n 

I'r/Tea 

Te/rra 

rc/rca 

rc/rca 

rc/roa 

4 

0.99621 

099243 

0.98490 

1.0038 

1.0076 

1.0153 

8 

0.99845 

0 99091 

0.99383 

1.0015 


1.0062 

16 

0 99900 

099800 

0.99599 

1.0010 


1 0040 


Lc/L.a 

L, 


Lr/Lr* 

hr/hr. 

Lc/Tjra 


= Lr/L 

= l»/l 

= t/t 

= Li/L 

= 1.,/L 

= Lc/L 

4 

0.99916 


0.99637 



1.0029 

8 




1.0007 


iEsmi 

16 

''mjjEEjll 

0.99698 



1.0003 

i 0.997791; 1 

W 

I M e/M eu 

1 

Me/Mao 

Mo/Mou 

1 

Mo/Mou 

H 

1.0013 


1.0043 

0.99851 


0.99305 

\m 

0.99990 

1 

0.99285 

0.99896 

1 

0.99368 


♦Plus for curvs in opposit direction; minus for curvs in same 
direction. 

fPlus for curvs in same direction ; minus for curvs in opposit 
direction. 

JWith Dm = 8 °, N ~ 16, the turnout, from outside of main track 
curv, curvs in the same direction, see Fig 7 e; i. the two centers 
are on the same Bide of the track. See fl 30 e. 
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RAILROADS, 


Double Turnout from Tangent. 

From Opposlt Sided. 

32. Fig 8. In a double stub-switch turnout (see Part I, fflO) 
from opposlt sides of a tangent, let the two turnout curvB be of 
equal sharpness; and let 
0 = A B = gage ; 

F = Fa = Fb = main frog angle ; F« = crotch frog angle ; 

A = Na = Nb = main frog number; = crotch frog number; 

L = A Pa — B Pb = main frog lead ; 

L« = a P c = crotch frog lead ; 

r = Om a = Oh a = center-line radius of either turnout curv ; 

R ~ 0*B = Ob A = Ou Pa = 0»/*r, 

= Oa Pc = Ob P e = r + 0/2 
~ outer-rail gage-side radius of either turnout curv. 



Fig. 8. 


Then, 

F e = 2 Pc Ob a; 

L =-- 2 ON (see fl 19) ; 


Or, for Lc, we have 


T (0/2)* 1 

= 20 + —— Nc 


a + W 2 !’ 

_ r 

tan (Fe/2) 


. • • (27) 


Lc I ft* - (Jt - 6/2)* I R - 0/4 

h ~ \ B‘ - (R - ay \ 2R - a . (2,) 

Hence, neglecting 0, we have, approx:— 

U - VI72 L = 0.707 L = _V2GF; 

k — Lc = approx (1 — Vl/2)L = say 0.203 L; 

or, practically, Lc = 0.7 L; and L — Lc = 0.3 L; .(29) 

cot(F c /2) Lc 


V* = ■ 


2 

Lc 


2 [6 + (0/2)»/r] 
Vz"<? w w 

Vt 


2 Ci 


.(30) 


0.707 Jf 
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From Same Side. 

33. Fig 0. Two stub-switch turnouts, Ta and T\>, with center- 
line radii, ra and r&, respeetivly, from the same side of the tan, M M . 
Let It* ( = On t = rn + 0/2) = 2 Rb — 2(Ot,A) 

= 1 * 0*6 + 0 / 2 ). 

Then, since Ob Pi, — Oi ,(>«, we have: 

Fa = Fb — F = main-frog angle; 

Sa — Xb — y ~ “ number; .(31) 

and the two main-frog points, Pa and Pb, are opposit, on track, Ta. 

Let Pa and Di> be the center-line sharpnesses of curvs, Ta and 
Tb, respeetivly. 



Then, approx:— 

l)b — 2 Da; 

Vers Fc = O/Rb = 2 G/R a ; 

L = B Pa - lead — Ra sin Fa = 2 OR; 

Lo = It Pr = crotch-lead = Rb sin Fc = 20 Xr = Volf L 

- <2 ON; 

Lc cot {Fc/ 2) 

y r r_- _ ~-- 0.707 N .(32) 

2 0 2 


Double Turnout* from Curt. 

34. In double turnouts from the same side or from opp sides of a 
curvd main track of moderate sharpness, the dimensions are practi¬ 
cally the same as for similar turnouts from straight truck, using the 
same frog angles. If the main-track curvature Is sharp, the prob¬ 
lem may be solvd graphically. 
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RAILROADS. 


POINT SWITCHES 
Turnout from Tangent. 

35. Nomenclature. Fig 10. Point-switch turnout from tangent. 
Compare Am Ity Engng Assn, Manual, 1015, pp 182-3. 


Let 




— 

track gage: 

f 

on 

= 

outer-rail gage-side radius of turn¬ 
out curv, D E ; 


on - o/2 

— 

cen-llne rad of turnout curv, D E; 

) 


= 

sharpness of turnout curv, DE; 

\ 

non 

= 

sweep of turnout curv, D E, botw 
switch-heel and frog-toe; 

if 


= 

middle ordinate from chord, D E, 1o 
outer-rail gage-side; 

? — 

BPE = to/-; 

= 

frog angle; 

V = 

% C0t(F/2) 


frog number; 

y = 

T>E 

— 

long chord of outer-rail gage-side; 


BP 

= 

lead, from actual switch-point to 
theorot frog-point; 

r = 

1) V - V E 

= 

semitangent of turnout curv; 

i — 

TAD 

= 

switch angle; 

p = 

AD 

= 

switch length ; 

? 


= 

switch-heel distance, or spread, betw 
gage-lines, at D; 

tr = 

PE 

= 

dist from frog-point to frog-toe ; 

? 


= 

Q — 8 — W sin F; 

9 


— 

actual switch-point thickness; 

t 


= 

actual frog-point thickness; 

r,y, = 

ti,tk 

= 

co-ordinates of any given point, as 
n, on outer-rail gage-side; 

(J = 

D On 

= 

sweep of arc, D n. 


36. Equation* for point-switch turnout from tangent. 

Fig 10. Frog angle, F; turnout stcccp, A» Qn & switch angle, s. 

f = A + s; A - F - s; 

i = F - A- Sin h = (8 - V)/l\ .(33) 

Lead, L. 

sin \»(F -8) F + 8 

L = (1 - W) - + (G - p) cot- 

sin K (F + 8) - 

z=. (T l) cos s + (T + W) cos F .(34) 

For lead from vertex to theoretical switch point, add p cot «. 

For lead to actual frog point, add Ft, t = actual frog-point 
thickness. 

Since Tains + T sin F = T (sin s 4- sin F) = e, we have:— 


T = R tan (A/ 2 ) =-- 

sin 8 -j- sin F 

Turnout center-line radius, r. 

Since e = D E sin % (F + s) 

- 2 R sin (A/2) sin % (F + *), we have:- 


7? = r + 0/2 = T cot (A/2) 

r =:---; and 

COS 8 — COS F 


2 sin % (F + «) sin (A/ 2 ) 
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= R - 0/2 .(36) 

Chord, D E — 2 R sin (A/2).(37) 

Turnout curv sharpness, D. 

Sin (0/2) = 5O/r .(38) 

.lrc, 7) E. 

DE = 2 u R A°/300 = 0.017 453 If A° .(30) 

Distance, D' E', from switch-heel, D f , to frog-toe, E'. 

D’ E' = 7, - (W -f I)..(40) 



Co-ordinates, x — knj and y — in. 
a> { — kn) = [icoss — R sin *] -f If sin (a + s) ; 

y (= in) = [8 + Ifcosa] — 7fcos(a -f s).. (41) 

The quantities in brackets are constant for a given N, l and s. 
The Am Ry Engng Assn, Manual, 1015, p 184, specifies:— 
Bwitch-point thickness, p, = 0.25 inch = 0.020 833.. .ft; 

Frog-point thickness, t, = 0.50 inch = 0.041 666.. .ft: 

Switch-heel dlst, or spread, 8, = 6.25 Ins = 0.520 833.. .ft. 

Middle ordinate, M, to outer-rail gage-side. 

M = R vers(A/2) 


(42) 
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37. Simple approximate equation*, using “switch-number", n. 
Fig 11. (Compare Wellington B. Lee, Kng News, 1898 Apl 21, 
P 252.) 

Let 

G = gage; 

IV = dist trom frog-toe to frog-point; 

F = frog angle; 

l — switch length; 

£ = switch-heel distance; 

N = frog number; 

n = I/S = “switch-number"; 

e = Q — S — W sin F; 

C = chord. D E, from switch-heel to frog-toe. 



Fig. 11. 


Then :— 

n xY 

G approx = 2 c-- ;.(43) 

n + A' 

G n X 

R — r -f — ; R approx = C - 

2 n — A’ 

= outer-rail gage-side radius.(44) 

With gage, G, = 4' 8.3", and fi = 0.25", calculation shows • 

A = l — W = F = 8= R — Ropp R/Ravv 

4 lift 3it2" 14° 15* 0" 2° 36'19" 3.25ins 1.0024 

16 83 ft 8 ft 0" 3° 34'47" 0° 52' 5" 8.53 ft 0.9958 

Ordinates to chord, C. 

38. Where, as assumed, for the stub switch, in fi 12, Figs 4, the 
outer turnout rail forms a continuous circular curv, from beginning, 
A, of turnout to the theoretical frog-point, P, its middle and 
quarter-point ordinates are approximately independent of the frog 
number, A (and hence independent of the radius) ; but, where, as 
in point-switches, Fig 10, the turnout curv is tangential to the 
switch-rail and to the frog-leg, at D and at E, respectivly, the ords 
diminish aB the frog-angle, F, diminishes; and they would become 
zero if the frog-angle, F. became = the switch-angle, a; for the 
turnout-curv would then become a straight line. 4 


= R vers — =.(»* + — } vers —. See Bq (42). 

2 V 2/2 


Mid ord 
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“Theoretical” and “practical” dimensions. 

39. To reduce rail-cutting; and rail-waste, it is commonly 
found desirable to depart from the “theoretical” dimensions given 
by eqs 34-41, and represented by the solid lines in Figs 12, and 
lo make the straight lead-rail, D f E’, of such length, Dp ' E as to 
permit the eventual utilization of both the pieces into which a rail 
is cut; thus substituting “practical” for the “theoretical” dimen¬ 
sions. 

40. The cnrvd lead-rail, (Dp Ep, Figl2a; Dp" E, Figl26) may 
then be made of the same number and lengths of pieces with Dp' E’, 
bringing the joints of these two rails opposit, if the length excess 
of the curvd rail may be compensated by laying it with joint-spaces 
wider than those of Dp' E'. But compare tables of theoretical and 
practical dimensions, fl 47-50. 



41. Diagrams. In Figs 12a, 126, the “theoretical” dimensions 
are shown in solid lines; and the “practical” dimensions of the 
outer turnout rail are shown in dotted lines. Fig 12a represents 
the casp where the “theoretical” lead, L, exceeds the “practical” 
lead, Li>; and Fig 126, vice versa, 

42. Change In lead length. Figs 12a, 126. With a given 

switch-length, l = A D, given switch-angle, s = Y A D, and 
given frog-angle, F, there is but one lead length, L, and but one 
outer-rail gage-side radius, R = 0 D, for a circular arc, D E, 

connecting tangentially the switch-heel, at D, and the frog-toe, at E. 

43. If the lead he shortend (as to L P , Fig 12a) we must introduce 
an additional “frog tangent”, E Ep ; whereas, if the lead be length- 
end (as to Lp, Fig 126), we must introduce an additional “aurttch 
tangent", Dp Dp". In either case, the radius is shortend, as Indi¬ 
cated. 


44. New Radius. For the new (diminisht) outer-rail gage-side 
radius, R p , and for the additional tangents, we have (S. S. Roberts, 
Track Formula and Tables, pp 12-13). 

Fig 12a 

sin F X cot Mt (F — 9) 

R — Rp - (L - L P ) -; 

sin (F — a) 


E E P 


— (L — Lp) 


sin %(F + «) 


.(45) 


sin 14 (F — *) 
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ng 11 ib 

sin * X cot Vi(F — *) 

K - R v = (L, - L) -; 

sin(F — «) 

sin ‘4(F i «) 

D P Dp" - {L P - L) . .(46) 

sin Yj (F — n) 

45. Co-ordinates. For a given point in the lead curv, 

Let as — the abscissa (co-ordinate parallel with main track), 
measured from the switch-point, Ap, 

V — the ordinate or offset (co-ordinate normal to main 
track) measured normally from the tarifeent. 

In Fig 12a, where the theoretical exceeds the practical lead, the 
co-ords, a and y, to any point in the lead curv, Dp E P , are as In 
cq 41, substituting R P for R; but, in Fig 12b, where the prac¬ 
tical exceeds the theoretical lead, these co-ords are modified, as 
below, by the introduction of the switch-tangent, Dp Dp". (S. S. 
Roberts; Track Formulae and Tables, pl3.) Here, l = switch- 
length, AD; 8 = switch-heel spread; 8 = switch-angle, Y A D; 
Ap = turnout sweep from switch-heel to the given point. The 
quantities in brackets [ ] are constant for given N t l and s. 
as = 1(1 -f- Dp Dp") oos8 — Jfpsin 8] -f RpSin(Ap + #) 

= (approx) [(l -f Dp Dp") — R P sin s] + R»sin(Ap + 8) ; 
y = [8 -f- D v Dp” sin s -f Rpcosa] — Rp cos (Zip + 8j...(47) 

46. Frog* and Switches. Am By Engng Assn, Manual, 1915, 
pp 184-5. Our Figs 1, 10 and 13. For theoretical and practical 
leads, see 1111 48-50. 

S = switch-heel spread = 6.25 ins; 

X = frog number; F = frog angle; 

W = dist, point to toe of frog, measured parallel with a gage¬ 
line ; 

K = dist, point to heel of frog; T — frog-toe spread; 

// = frog-heel spread; l = switch-rail length; 

8 = switch angle 


47. Frog and Switch Dimension*. 
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6 

0 

10 

6 

16 

H 
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11 
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6 

0 

11 

6 

17 

6 

0.54 

1.05 
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12 

4 46 19 

6 

5 

12 

1 

18 

n 
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■oum 

33 0 

0 52 05 

16 

3 34 47 

8 

0 

16 

0 

24 
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18 
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17 

8 

26 

6 
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19 
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29 

E3 
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24 

2 23 13 

11 

4 

23 

2 

34 
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0.47 

0.97 
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0 52 05 


“Nos 8, 11 and 16 frogs are recommended as meeting all general 
requirements tor yards, main-track switches and junctions.” Am 
Ry Eng Assn, Manual, 1915, p 168. 


48. Theoretical Leads. For frog and switch dimensions, see 
flfl 46, 47. For “practical” leads, see UU 49-50. 

Am Ry Engng Assn, Manual, 1915, p 384. 

2f = free number ; r = center-line radius; D = ahamness l 
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lead = dlst from actual switch-point to theoret frog-point; 
straight rail closure, from switcn-heel to frog-toe 
L - l - W: 

curvd rail closure, from switch-heel to frog-toe. 



4ft. Practical Lends. Fig 13. (Am Ry Engng Assn, Manual, 
1915, p 185. Lead-curv co-ordinates.) Theoretical leads, ff 48. Frog 
and switch dimensions, flU 46-7. Lead and closure lengths, H 50. 









































806 RAILROADS. 


so Pies 1° Lengths of leads amt closures, eto. 

50. Figs Asiu> M(1 „„ a l, 1915, pm) 

For "theoretical leads;' see IIS. 

For frog and switch dimensions, see JJ 48-7. 

For practical lcad-curv co-ordinates, see 1/ 49. 

X = frog number; T, ~ switch tangent, rh Dp", Fig 12 b; 

7'r frog tangent, h X,, Fig 12 a, 

(See J 45,1 

I, = lead. BP. tram actual switch-point to actual frog-point; 

L$ = closure, for straight rail; 

Lo = “ " currd “ . 

(Closure — rail lengths required betw switch-heel Jintl frog-toe.) 


m 

m 

Li 

ft 

Lc 

ft 

m 

n 

4 

37.94 

one 23.60 

one 24 

1.03 

HSU 

5 

42.47 

one 27.68 

one 28 

0.00 

0.82| 

6 
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one 32.73 

one 33 
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7 
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one 13.89 one 27 

one 14.11 one 27 

Ifrmj 


8 
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9% 
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one 27.17 one 28 
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one 32.85 one 33 
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5.33 


15 
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two 33 one 25.9 

two 33 one 26 
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137.57 

one 29.90 two 33 


1.56 
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146.51 

one 25.93 three 26 

four 26 

riiiTiil 

1.08 1 

20 

157.42 

one 26.92 two 27 one 33 

three 27 one 33 

[ii|| 

MU 

24 

177.22 

one 32.89 three 33 

four 33 

w\ 




Fig. 14. 


Connecting Carr. 

81. Lateral Turnout. Fig 14. In the “lateral” turnout, let 
d = di8t betw cens of tracks; d — O = dist betw gage-lines of inner 
tracks; K = dist from theoret frog-point to frog-heel; r e = cen- 
line radius of connecting curv; V — lead from theoret frog-point 
to end of connecting curv. Then, remembering that 
2N = cot(F/2) = 1/tan (F/2). 
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we have 

A' + (r« _ 0/2) tan(F/2) = (d - 0)/sinF; hence:— 
r e = 2N (d - G)/sinF - 2 N K + 0/2; 

L' — (d — G)cotF + (r 0 - 0/2)/2 N .(48) 

52. Diamond or Equilateral Turnout. Fig 15. In the “dia¬ 
mond" or “equilateral" turnout, we have:— 

(compare lateral turnout, f 51.) 
r = turnout cur? cen-line radius, Ot c. 



R [= r + 0/2) = OtD = r*cot- 


DB* 


2 sin% (iF — 8 ) 
.(40) 

L = (T + l) X cos(s/2) + (T + IF) X cos(F/2) .(50) 

Comparison of Dimensions between a diamond turnout and a 
turnout from straight track, with given frog and switch angles. 

With F = 8° (N = 7.15) ; 8 = 2°; 0 = 4' 8.5" 

= 4.70833... ft; l = 16ft; S = 0.5ft; W = 5ft; 



Diamond 

Straight 

Diamd/Strt 

T 

20.1285 

20.1782 

0.9975 

R 

768.6760 

385.0226 

1.9964 

L 

61.1903 

61.0893 

1.0017 


0/2 - £T/2 - W ain(F/2) 

•T = - 

ain(«/2) + sln(F/2) 


0/2 - 8/2 - W sin(F/2) 

DJ = _ 


2Rgin^(F - a) 


•inK(*’+ #) 
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S3. Radius and Lead. Fig 15. Radius, re, and lead, Le, oi 
connecting curv, p q, for diamond turnout. 

Let 

d — Q = dist bctw gage-sides of inner rails; 

r c — Oo p — center-line radius of connecting curv, p q; 

K = dist from frog-heel to theoret frog-point, P; 

L e = P Q — lead, from theoret frog-point to end of connecting 
curv; 

1 

F = frog angle; E = frog number = - cot(P/2). % 

Then 

(r e — 0/2) vers(P/2) = (d — (J)/2 — K sin(F/2). Ilence, 
d-0 K 

re - - +0/2; .(51) 

2 vers (P/2) tan (P/4) 

Le = PJ + J Q = V (d - tf) + (rc - G/2) X tan (P/4 > ... (52) 



Crossovers. 

54. Figs 16, 17. When the connecting track is a tangent 
(Fig 16), the two frog angles are necessarily equal. When it is a 
reverse curv (Fig 17) they are preferably equal. 

With straight connecting; track, E E\ Fig 16. Let 
R = 0 E = outer-rail gage-side radius of turnout curv; 

T = semitangent of turnout curv; 
d s dist betw main-track center-lines; 

0 — track-gage; 

d — O = dist betw gage-lines of inner rails; 
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fc = P P” = dist betw theoret frog-points, P and P \ 

|| with main tracks; 

U — P P'" — dist betw theoret frog-points, P and P f , 

|| with connecting track; 

W ~ dist from theoret frog-point, P, to frog-toe, E; 
l = switch-length. 

Then 

T = R tan (A/2) ; L = V = (T -f l) cos « + (T + W) cos F; 

d - G Q 

k - PQ - P" Q = PQ - P’Q' =-; 

tan f sin E 

= L + fc + i'=:k + 2L; 

d — G G 

U = P Q' - P"' Q’ -..(08) 

sin F tan F 

For unit change in the value of d, the corresponding changes in 
k and in U, respectivly, are:—in k, change = cot F; in V, change 
— cosec F. 



55. With reverst connecting curv. Fig 17. 

The use of a reverst connecting curv economizes space, especially 
where the two tracks are spaced wide apart and where the frog- 
angle is small. The radius is usually that of the turnout curv. 

Let 

F = frog angle; 

A — sweep of either branch of reverst connecting curv ; 
r = center-line radius of reverst connecting curv; 

R - r+G/2 

= outer-rail gage-side radius of reverst connecting curv; 

K - dist, from theoret frog-point, P, to frog-heel. 
k = dist, parallel with track, betw frog-points, P and P f . 

Then:— 

rcos(E + A) = RcobF + K sin V — (d —G)/2; 
k/2 = r sin (F + A) - R sin F f K cos F; 

P P' — Vfc* + (d - Gy 


(54) 
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Double Turnout. 

50. Fig 18. Double point-switch turnout from opp sides of tan¬ 
gent Let the two main frogs, P, be of equal angle and therefore 
opp, and let 

r = turnout center-line radius ; 

R = 0 E = r -f G/- = outer-rail gage-side radius; 

A* = sweep, OOP 0 ; 

Tc = semitangent of curv 1) Pc; 

W = EP — dist from main frog-toe, E, to theoret frog-point, P ; 

8 — switch-heel spread ; 

ft = switch angle ; 

l = A 1) — switch length ; 

y,E, = main frog number and angle: 

Ne,F c = crotch frog number and angle; 

L = B P =z lead to main frog, P; 

Lt = a Pc = lead to crotch frog, Pc. 



F e 

2 


Then:— 

= A* + */ 


D Pc a, = TO m 




F e r G/2 — W sin F Om 

Cos — = — = cos F + —- ; cos F = - 

2 R R R 

cot(Fc/2) 

' ' “ ~ 2 ’ 

0/2 - 8 

T t - - 

sin a -f sin(Fc/2) 

Q /2 -8 Ar 

D Pc — - = 2 R sin- ; 

cln / A I A _ • 0 
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„ Dp ” 0/2 — 8 

« = —- = Tc cot(A=/2) = --- 

2 sin (A®/2) 2 sin (Ac/2) sin (« -f- A«/2) 

U = L - il'cosF - R [(sin F - sin(f-V/2)] 

= a K + KPc 

Fc — 

= l COB * + (0/2 — S) cot- 


- (Tc + 1) cos» + Tc cos(JV2) . 


57. Layout. Fig 19. Ordinarily, the yard or “body” tracks, 
etc ’’ reacht by a ladder, are parallel with the main (or 
drill ) track, 1; the ladder is straight, from P x to I\, etc; the 
yard tracks, 2, 3, 4, etc., are straight from the ladder frogs, P* 
V c « an<J the d, betw cens of adjacent parallel tracks is 
constant. 



FI*. 1®. 


58. Distances. The frog angles, F u Fz, etc., betw drill track 
and ladder, and betw ladder and yard tracks, are then equal; and 
the dists, AiA„ AzAs, etc., betw consecutiv switches; those, PiP* 
P S P 8 , etc., betw consecutiv frogs; and those, \\ F 2 , V s F a . etc., betw 
consecutiv intersections, measured || with the ladder, are all equal, 
and V x V x = d/slnF. (But see 1160.) For unit change in the 
value of d, the corresponding change, in d/ sin F, is l/sin F =s 
cosec F. 

59. The minimum allowable dist, along the ladder, betw a frog 
point, as P,, and a point opp the switch-toe, Aa, of the next turn¬ 
out, is about 10 ft. 

60. “Under ordinary conditions, body tracks should be spaced 13 
to 14 ft centers, and, where they are parallel to main track or to 
other important running track, the first body track should be 
spaced < 15 ft centers from such main or other important track. 
Ladder tracks should be spaced < 15 ft centers from any parallel 
track.” Am Ry Engng Assn, Manual, 1915, p 409. 

81. Frog Numbers. Steam railroad yards commonly use No 7 
and No 8 frogs; less commonly No 6. For general use in ladders, 
the Am Ily Engng Assn (Manual, 1915, p469) recommends frogs 
of not lower No than No 8. 
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Double Turnout. 

50. Fig 18. Double point-switch turnout from opp sides of tan¬ 
gent Let the two main frogs, P, be of equal angle and therefore 
opp, and let 

r = turnout center-line radius ; 

R = 0 E = r -f G/- = outer-rail gage-side radius; 

A* = sweep, OOP 0 ; 

Tc = semitangent of curv 1) Pc; 

W = EP — dist from main frog-toe, E, to theoret frog-point, P ; 

8 — switch-heel spread ; 

ft = switch angle ; 

l = A 1) — switch length ; 

y,E, = main frog number and angle: 

Ne,F c = crotch frog number and angle; 

L = B P =z lead to main frog, P; 

Lt = a Pc = lead to crotch frog, Pc. 



F e 

2 


Then:— 

= A* + */ 


D Pc a, = TO m 




F e r G/2 — W sin F Om 

Cos — = — = cos F + —- ; cos F = - 

2 R R R 

cot(Fc/2) 

' ' “ ~ 2 ’ 

0/2 - 8 

T t - - 

sin a -f sin(Fc/2) 

Q /2 -8 Ar 

D Pc — - = 2 R sin- ; 

cln / A I A _ • 0 
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66. Double (three-throw) turnout* (see ff 32-4) are also 
used In connection with ladders. 

In such cases, resort may be had to graphic methods. 

See also fl 73, Yards and Stations, p 1005. 

Turnout from Curv. (Point Switch). 

67. Computing; vs. drafting;. Exact equations, for the dimen¬ 
sions of point-switch turnouts from euros, would be very compli¬ 
cated ; and problems, involving such dimensions, are best solvd 
by means of drawings to liberal scale. The subject is discust 
mathematically, in “Track Formulae and Tables”, by S. S. Roberts; 
New York, John Wiley & Sons. 

68. Sharpness Difference. In general, and for practical purposes 
(even with straight switch-rails and frog-rails), the sharpness diff, 
betw the main and turnout curvs, for a given frog-number, may be 
taken as equal to that of a turnout from straight track, with the 
same frog number, as in fl 26. 


M 

M' 


r-*^r 


<«) 



69. Lead. Figs 22. For a given frog number, the lead may be 
takfcn as approximately equal to that figured for a turnout from 
a tangent, by eq 10; but, in his Notes on Track, p 373, Mr. W. M. 
Camp gives the following:— 

Let L» = lead for turnout from tangent, Fig (a) ; 

Lc — lead for turnout from curve! track with same frog, 
Figs (6), (c). 

D = main line curv sharpness; N — frog number. 

Then 

Lc = L, ± D (Y/l*) 2 .(57) 


plus when turnout leavs inside of curv (Fig b), and vice versa 
i Fig c). This givs results as follows when D — 3° :—_ 



Lead | 

N 


L 



FIs a 

Fig 6 

Fig o 

■PH 




jBMS 
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CURVS 

SIMPLE CURVS 

GENERAL 

Definitions 

(For equations, see fl H 25, etc) 

1. Fig; 4a. A railroad line, aba. . . f, is usually an alter¬ 
nation of curve, & c, d e } etc; and of straight lines, a b, c d, etc, 
which are commonly called "tangents” because they are necessarily 
tangential to the curvs. 

Fije 1. In u circular or Nlmple railrond ciirv, the center line. 
APB of the track (or, it not level, its projection on a horizontal 
plane) is a circular arc. 

Fis 1. Imagin the tangents, X A and B Z, at the ends of 
the eurv, A B, produced to their intersection, V. Then the ooual 
dials, A V, V B. ure culled the semitnnicents. 



2. For the point* of chang;e from tangent to curv, etc, etc, vre 
use the symbols adopted by the Am Ry Eng; A»*n, Manual of 
Recommended Practice, 1915, p 135, as follows:— 


For circular curv* 

T. C. From tangent to curv ; 

C. T. “ curv “ tangent; 

C. C. “ curv “ curv; 


Hitherto called 
Point of curv, P. C. 
Point of tangent, P. T. 
Point of compound or 
of reverst curv, 

P. C. C. or P. R. C. 


For oplral curv* See p 968, fl 201. 
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The point of curv, Fig 1, T. C., is the beginning, A, of the 
curv, or that end of it which is first reacht by the location in its 
progress. 

The point of tangent, C. T„ is the other end, B, of the curv. 
The vertex, point of Intersection, P. I., or apex, is the point, 
V, where the two tangents, produced, A V and V B, meet. 


LOCATION. 

Curv Functions and their Symbols 
3. Fig 1. List of the functions of an entire curv. For that 
portion of a curv subtended by a unit chain, see fi 9. 


Functions 


Symbols 


Sweep (central angle, see fi 10) . 

Radius . 

Long Chord . 

SemTtaugeut . 

Internal distance . 

Tangent offset, (pern to tangent A I' 

or B V) . 

Tangent distance (making A F = A B). 

Middle ordinate . 

Side ordinate, dlstunt x from &I . 

Middle ordinate for A/2 . 


A 

— 

A 0 B -- 

FVB 

It 

= 

0 A = 

OB 

C 

— 

A B 


T 

=. 

A V = 

V B 

E 

= 

P V 


Y 

— 

BB 




BF 


m ' 

Mz 

Ms 


HP 



4. Locating points on Curvs. Fig 2. Where the radius R, Is 

very Bhort, It is sometimes practicable to locate the center, O, of 
the curv, and to describe the center line on the ground, using a 
steel tape for the radius; but, ordinarily, the center is not located, 
and points, a, b, etc, in the curv, are located by setting the transit 
at ft known point in the curv (as the T. C., at A), laying off known 
peripheral angles, v A a, v A b, etc, from the tangent, A v and meas¬ 
uring chords, A a, ab, be, etc, of the proper calculated lengths. 

5. Chords and Chains.* In practice, these chords (except the 
first and last, see 11 24) are of equal length, equal (or nearly equal, 
see H 20) to that of the tape (usually 100 ft or 20 meters long) 
used In the location of the line, and are called “chains,”* in order 
to distinguish them from other chords, as Ab, b d, etc, which may 
be drawn to the curv. 

6. The equal peripheral angles, a A b, b A c, etc, subtended by 
these equal chains, are called deflection angles. Each is equal to 
D/2 = half the corresponding central angle, aO b, b O c, etc. 

7. Tangential, Deflection and Central Angles. Samuel W. 
Mifflin, “Methods of Location for Railway Engineers”, 1837, called 
the angle, ced ( = cOg = D/2), the “ tungcniial angle", as 
being the angle betw a chain,* erf, and the tangent, ce, at its 
either end. In this, Mifflin followed Col. Stephen H. Long, U. S. A. 
("Railroad Manual”, 1829), who gave the name, ‘'deflection angle”, 
to the angle, fed, betw a chain, erf, and the extension, cf, of a 
consecutive chain, b o; It being equal to the angle, ehd (betw the 
tangents, ce and h d, at the two ends of a chain, cd), thru which 
the line deflects within the dist subtended by a chain. It is equal 
to the central angle, D zz cO d, subtended by a chain, c d. 

8. We, in “The Field Practice of Laying out Circular Curvs for 
Railroads” (first edition. 1851), and Mr. William Findlay Sbunk, 
in “The Field Engineer". 1880, followed this nomenclature. Now, 
however, usage calls c cd the “deflection angle" or simply the 
"deflection” (as indicating a deflection of the liae of Bight) and 
calls D ( zz f c d) the “degree of curv". See Sharpness, If 11. 


♦The use of the word “chain”, to designate such a chord, sur¬ 
vives from the days when survey tapes were unknown, and when 
the measuring was done by means of chains made up of wire links. 
The standard full length of such a chain was called “one chain." 
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0. Figs 1 and 2. In that portion of a curv, as a b, Fig 2, sub¬ 
tended by a unit chain*, c, we have sweep, A = D, and we desig¬ 
nate the several other functions by “lower-case” instead of by 
capital letters. Thus; 

the letters. C T E Y M M* and Ms, Fig 1, f 3, 

become, respectivly .. c. t e y m mx and ms, in the arc a b, Fig 2. 

10. Fisr 1. The sweep, A, of the curv, is the angle. .1 0 B. 
swept out by the radius, It, aud subtended by the curv. It is also 
the angle. F V B, swept out by the tangent in swinging from V F 
to V B. It is therefore the total deflection of the line, due to the 
curv; or it is the intersection angle betw the two tangents. Each 
portion of the curv of course has also its own sweep. . 



11. Figr 2. The ftharpneHH, (commonly called the. “degree of 

curvature”) is usually exprest by the sweep or central angle, D, 
( = aOb = b 0 c, etc) subtended by a chain*, a 6 or be; i. e., 
sharpness = the deflection, e h d, of the line, in a length of one 
chain. A “one-degree”, “two-degree", “three-degree-thirty-minute”, 
etc curv is one .whose sharpness is l 8 , 2°, 3°30', etc. See fi 14. 

12. Fig 2. But sometimes (especially where the metric system 
is used) the curv is named for its peripheral chain angle, cbd = 
cAd, etc, or angle subtended at the circumference, os at b or A. 
A given curv, called 

1° (KF, 2°, 3° 30', etc, after its central chain angle, would be called 
O' 30', 1°, 1° 45', etc, after its peripheral chain angle. 

We follow the definition of fl 11. 

13. Fig 3. When curvs are located by means of short chains* 
(see ff 10), the sharpness is sometimes taken as the sweep sub 
tended by a series of such chains, the sum of whose lengths is 
equal to the standard unit chain. Thus, a curv, apb, in which a 
series of two chains, ap, p b, of 50 ft each, subtends an angle of 
D°, is then called a D° curv. altho it is sharper (has a shorter 
radius, R a = 0 ft) than the I)° curv, APB (R, = OB), in which 
the same angle of D° is subtended by a single chain, A B, of 100 ft. 

14. Fig 1. In countries other than the V. S., the sharpnesses of 
curvs are often designated by the lengths of their radii, R = 0 A 
=r 0 B, etc. The greater the sharpness, the shorter is the radius. 

15. Graphic representation of curvature. In Fig 4, 
the center line, af (Figs a and b) and the rectangles (Fig ft) below 
and above it, represent the supposititious case tabulated below. 


•The use of the word “chain,” to designate such a chord, sur¬ 
vives from the days when survey tapes were unknown, and when 
the measuring was done by means of chains made up of wire links. 
The standard full length of such a chain was called "one chain.” 
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Since the abscissaB, a 6, a o, etc, Pig b, represent dlsts along the 
line, while the ordinates represent sharpness of curvature, the 
areas of the rectangles represent the sv'ceps of the curve, or the 
deflections of the tangents from each other. Similarly with por¬ 
tions of the rectangles; thus, the area of the rectangle on ft' c repre¬ 
sents the sweep of the portion, b' c, of the simple curv, * c. 


P 



Fig. 3. 


16. The inclined lines (Fig 4 b) represent easements of the ends 
of the curvs by means of spirals (see p960). Since the positions 
of the tangents are not changed by the introduction of the spirals, 
the sweeps of the curvs, and the areas representing them, remain 
unchanged also. ThuB, area of trapezoid on BC = area of rec¬ 
tangle on b c. 
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RAILROADS. 


Chalnw*. Curv Length 

17. The unit of railroad and of curv meuMurement is usually 
either 100 feet or 20 meters ( = say 0.1.017 ft). 

18. Full chain*. It Is usual to make this (100 ft, or 20 meters) 
the chain length; and the length of the curv is then stated 
(approximately) us being equal to the sum of the chain lengths 
used in locating it. Thus, Fig. 0, in the curv, .1 a 0 a Ji, the length 
jk taken as being = A a + ab + b c + c B, measured along these 
chords , = 43 -f- 200 + 36.7 = 279.7 ft The true length of the 
curv is of course slightly greater than this. See p 902. 

19. Short chain.* Sharp curvs are usually located, by means of 
a short chain whose length is half or quarter that of the standard 
chain, or less; these short chains subtending correspondingly 
smaller central angles. Thus, where the standard chain is 100 
leet, chains (tape lengths) of r>0 or 23 ft or less are used ou such 
curvs. In general, the chain length used is not greater than from 
one-twelfth to one-eightli of the radius of the curv. The sum ot 
a series of such short chain-lengths, subtending a given arc. is 
evidently greater (more nearly equal to the length of the arc it¬ 
self) than is the sum of standard unit chain-lengths subtending the 
same arc. Bee If 33. 



20. Dlminiiiht chains*. If. on curvs, the rear chainman holds 
the tape with a properly calculated small rending (instead of the 
zero mark) at the stake, thus slightly diminishing the effectlv 
unit “chain” length, the arc subtended is thereby reduced to the 
full unit length, the stated length of tiie curv is made to corre¬ 
spond with its actual (eurvd) length, and certain formulas (If 42) 
for finding curv functions (otherwise only approx) are renderd 
exact. 

21. SharpneaK, »k affected hy the use ol dlmlnUht chain**. 

Fig 5 Y. In the curv, ced, let the full “chain”, c = ctl = 100 ft, 


♦The use of the word “chain,” to designate such a chord, sur¬ 
vives from the days when survey tapes were unknown, and when 
the measuring was done by means of chains made up of wire links. 
The standard full length of such a chain was called “one chain.” 
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Hubtend u central angle, D — cOd — 60°. Then ced is a 60® 
curv, and its deflection angle, D/2 = vied = 30°.^ To run the 
N ame curv with a diminisht chain, if = c c (= 95.89 ft, Jl -l> 
we must use a deflection angle, in c e, of only 28° 39', and D , ( = 
cOe) = 57° 18'. Thus, the use of diminisht chains makes a 
given curv nominally flatter. 

22. Fig 5 Z. If, with diminisht chain, c' = a 6. we use the 
name deflection angle, (n'ab — nfc), as with the full chain. 
(c = fc), we shall obtain a sharper curv, ah (radius = O a) 
than with the full chain, which would give the curv f c, (radius 
= Of). Thus, the uRe of the diminisht chain makes a nominally 
equal curv actually sharper. 

In Figs 5 7 and 5 Z, the functions compare as follows: 

(Q = a/c or a’/c’) 

Fig It, ft /?', ft D D' a } ft o', ft c, l't o', ft Q 

5 y 100 00-0()°()0'-104.72-100.00--1.047 

_100.00-57° 18'-100.00-95.89 1.043 

5 7 100.00-60°00'-104.72-100 00-1.047 

- 95.49-G0° 00'-—100.00-95.49 1.047 

22. StntlonK. As on the tangents, the end-points of chains, on 
<*urvs, are called “stations”; but the name, “station”, is often 
(loosely i applied to the distunce betireen two such points. 



24. “Plu.>” Ntntions; Sub-chain*. Fig. 6. It can only acci¬ 
dentally happen that a curv begins or ends exactly at a station of 
the location. In other words, the T. C. and the C. T. nearly always 
fall between stas, i. c., at a “plus” sta, as at sta A = 20 + 57. 
or at station B — 23 -f 36.7; and this necessitates the use of 
a sub-chain, A a or oB, and a sub-angle, V A a or V B c (V B c = 
c A B), at one or at both ends of the curv. See TIU 44, etc. 
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RAILROADS, 


GEOMETRY 

Propositions of frequent application 

25. Fig 7. Similar triangles, and ratios between chord seg¬ 
ments. Let 0 7 be a diam of the circle, A V B 0; let A if ( = 
C) be a chord perpendicular to OF and bisected at II: let OA , 
A V be chords in the semicircle, OAV; and OB, B V, chords 
in the semi-circle, OB V; let A V ( = VB) = semitangent, T; 
and 0 A ( = OB) = radius, R, of the curv, APB. 



Then the 3 right triangles, O II A, A II V and 0 A V are similar; 
as are also 0 H B, BHV and OIIV; angle, OAV ( = OBV), 
betw It and T, = 90°; A H = II B - C/2 ; and 


From similar 
triangles 


Wt* have 


OHB.BIIV; OH : HB = HB ■ HV; 

OH X HV = (C/2 )*; or 


OBV, BHV; OV : VB = VB : HV; 

OV x HV = T*; or 


OBV,OHB; OV : OB - OR \ Oil; 

OV X OH = ll *; or 


HV — (C/2)* ~ OH (1) 

HV = r*/OV .(2) 

OH ~R*/OV .(3) 


26. Fig 8. Angles between two chords, between two tan¬ 

gents, and between a chord and a tangent. Values of A/2. 
Let APB be the arc, and A B the chord, subtending the central 

angle, AO B = & = F F B = AO d + dO B = AOe + eOB 

Then 

A/2 = angle betw the tan, AV, at A, (or tan V B, at S') and 
the chord, A B 

= external angle betw any two chords, as Ad and d B, or 
Ae and eB, drawn to the arc from A and from R 
respectively 

= (AOd + dOB) / 2 =z (AOe + cOB) / 2 

= the peripheral angle, A E B = V A B = VBA , 

subtended by the chord, A B .(4) 

27. Small angles, (such as the deflections usual In steam rail¬ 
road work), are approx proportional to their sines, and less 
nearly proportional to their tangents. This fact may be used to 
facilitate many calculations. 
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Thus, for any small angle. A, we have, 
approx: sin 0° 1' : sin A = 1 minute A, In mins; or 

A mins = sin A — sin 0* 1' = 3437 sin A; 
sin A = A mins X sin 0* 1' = 0.0002900 A mins.. (5) 
Similarly (approx) tan 4=4 mins X tan 0° V — 0.0002009 A mins. 



Example. With 100 ft chain; given radius, R, = 1300 ft; 
required the sharpness, D, of the curv. Here, sin (D/2) = 

50/1300; and D = 4° 24' 30.44". 

Approx, D/2 in mins 
= sin (D/2) -T- sin 0° 1' 


r= - X - = 132.221. 

1300 sin 0 6 V 

Hence, D approx = 264.442 mins — T) — 0.065 min =r 

M9975 D. 

Conversely; given D = 4° 24', required the radius, E. Here 
50 

R ~ - = 1302.497 ft. 

sin (D/2) 


R approx 


50 

(D/2)ln mins X sin 0° V 
1302.177 ft = 0.99975 R. 


Such operations are conveniently performd with the ■llde-rule, 
pp 73 etc\ 


33 
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RAILROADS. 


Errors of Approximation. 

Let A be In minutes; and let 


A sin 0° 1' A tan 0° 1' 

8 = - ; t = -. Then 

sin A tan A 


VSZB 

8 = 

II 

e-. 

for A = 

8 = 

-3 

II 

0° 30' 

1.000013 

0.999995 

6° 0' 

1.001830 

0.996342 

1° 0' 

1.000051 

0.999898 

7“ 0' 

1.002492 

0.995020 

2° 0' 

1.000203 

0.999594 

8° 0' 

1.003257 

0.993493 

3° 0' 

1.000457 

0.999086 

10° 0' 

1.005095 

0.989825 

4° 0' 

5° 0' 

1.000813 

1.0012T0 

0.998375 

0.997460 

20° 0' 

1.020600 

0.959050 



28. Relations between A» D, n, R, Ls and Le. Pig 9. 

In any circular curv, let 

circumf 

R — radius; v — - ; A = sweep; C = long chord; 

diam 


La = curv length, APB , measured on the arc. Then:— 


r R = seini-circumf (subtending ISO 0 ) ; 


r R 

180 _ 
La = A 


arc subtending 1° ; and (A in degrees) 


IT R 180 La 

180 ~ r R 


and R = 


180 La 

-....( 6 ) 

*■ A 


Let c = chain length, in ft; a = unit arc, in ft; n — number 
of chains, c, or of unit arcs, a, in the curv* ; D = sharpness; 
L e = curv length, APB, measured on chains, = sum of lengths 
of chains. La = true curv length. Then:— 


•Usually n is a mixt number. Thus, with two chains of 100 ft 
each, and sub-chains of 33.6 ft and 21,8 ft respectively, we have 
» = 2 + 0.336 + 0.218 = 2.654. 
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With lull chain, f 18 

With diminisht rhaln, f 20 

D 0/2 



180 a 


.(11) 

2 R 



7r /e 



& = »D . 

.(8) 

A 

= » 7) .... 


■ (12) 

c/2 



180 La 

18ft a 

.(13) 

siu <Z)/2) 



* A 0 

TT D° 

c 

. (9) 





2 sin(f)/2) 






Le = n c; 

n = Lc/c = A /D •• 

.(10) 

La 

n 

= na; 

= La/a ~ 

A/B • 

..(14) 


29. Hence, for the radius, Rt , In feet, or Rm, In meters, we 



On any curv | 

On a I* 

curv | 


Curv measured by | 


10ft-ft i 

20-meter 1 

100-ft 

20-meter 

11 18 

chain ! 

chain I 

chain 

chain 



Radius 


4 

n t = 

R m = 

Rr = 

Rm “ 

With 

50 ft 

10 m 

50 ft 

10 m 

full 

sin (Al/2) 

sin (D/2) 

sin 0° 30' 

sin 0° 30' 

chain, 



= 5729.650 ft 

= 1145.930 m 




= 3 . 75 I 1281 

log 

— 3.059 1581 


Curv measured by Jj 

-- 

lftft-ft 

20-meter 

100-ft 

20-meter 

H 20 

arc 

arc 

arc 



Rat 

llus 



Rr = 

Rm — 

Rr - 

Rm = 

With 

18,000 ft 

3,600 m 

18,000 ft 

3600 m 

dlminisbt 

7T D 

IT D 

IT 

V 




= 5729.578 ft 

= 1145.916 m 




I log 

log __ 




- 3.758 1226 

= 3.059 1526 


Eqs (15) K< 1 3 < 18 > 


61 














884 CTJRV RADII ASD THEIR LOOS. R = 50/sln (D/2). 


D 

R 

logR 

D 

R 

Iok R 

D 

R 

log R 

O' 

> 


1‘ 



2° 



O' Infinite 

Infinite 

O' 

' 5729.65 

3.758128 

0' 

’ 2864.93 

3.457115 

1 

343775. 

5.536274 

1 

5635.72 

3.750950 

1 

2841.26 

3.453511 

2 

171887. 

5.235244 

2 

5544.83 

3.743888 

2 

2817.97 

3.449937 

3 

114592. 

5.059153 

3 

5456.82 

3.736939 

3 

2795.06 

3.446392 

4 

85943.7 

4 934214 i 

4 

5371.56 

3.730100 

4 

2772.53 

3.442876 

5 

68754.9 

4.837304 I 

5 

5288.92 

3.723367 

5 

2750.35 

3.439388 

6 

57295.8 

4 758123 

6 

5208.79 

3.716737 

6 

2728.52 

3.435928 

7 

49110.7 

4 691176 

7 

5131.05 

3.710206 

7 

2707.04 

3.432495 

8 

42971 8 

4.633184 

8 

5055.59 

3.703772 

8 

2685 89 

3.429089 

9 

38197.2 

4.582031 

9 

4982.33 

3.697432 

9 

2665!08 

3.425710 

10 

34377.5 

4.536274 i 

10 

4911.15 

3.691183 

10 

2644.58 

3.422356 

11 

31252.3 

4.494881 

11 

4841.98 

3.685023 

11 

2624.39 

3.419029 

12 

28647.8 

4.457093 

12 

4774.74 

3.678949 

12 

2604.51 

3.415727 

13 

26444.2 

4.422331 

13 

4709.33 

3.672959 

13 

2584.93 

3.412449 

14 

24555.4 

4.390146 

14 

4645.69 

3.667051 

14 

2565.65 

3.409197 

15 

22918.3 

4.360183 

15 

4583.75 

3.661221 

15 

2546.64 

3.405968 

16 

21485.9 

4.332154 

16 

4523.44 

3.655469 

16 

2527.92 

3.402763 

! 17 

20222.1 

4.305825 

17 

4464.70 

3.649792 

17 

2509.47 

3.399582 

18 

19098 6 

4.281002 

18 

4407.46 

3.644189 

18 

2491.29 

3.396424 

19 

18093.4 

4.257521 

19 

4351.67 

3.638656 

19 

2473.37 

3.393289 

20 

17188.8 

4.235244 

20 

4297.28 

3.633194 

20 

2455.70 

3.390176 

21 

16370.2 

4.214055 

21 

4244.23 

3.627799 

21 

2438.29 

3.387085 

22 

15626.1 

4.193852 

22 

4192.47 

3.622470 

22 

2421.12 

3.384016 

23 

14946.7 

4.174547 

23 

4141.96 

3 617206 

23 

2404.19 

3.380969 

24 

14324.0 

4.156064 

24 

4092.66 

3.612005 i 

24 

2387.50 

3.377943 

25 

13751.0 

4.138335 

25 

4044 51 

3 606866 

25 

2371.04 

3 374938 

26 

13222.1 

4.121302 

26 

3997.49 

3.601787 

26 

2354.80 

3 371954 

27 

12732.4 

4.104911 

27 

3951.54 

3.596766 

27 

2338.78 

3.368990 

28 

12277.7 

4.089117 

28 

3906 64 

3.591803 

28 

2322.98 

3.366046 

29 

11854.3 

4.073877 

29 

3862.74 

3.586896 

29 

2307.39 

3.363122 

30 

11459.2 

4.059154 

30 

3819.83 

3.582044 

30 

2292.01 

3.360217 

31 

11089.6 

4 044914 

31 

3777.85 

3.577245 

31 

2276.84 

3.357332 

32 

10743.0 

4 031125 

32 

3736.79 

3.572499 

32 

2261.86 

3.354466 

33 

10417.5 

4.017762 

33 

3696.61 

3.567804 

33 

2247.08 

3.351618 

34 

10111.1 

4.004797 

34 

3657.29 

3 563160 

34 

2232.49 

3.348789 

35 

9822.18 

3.992208 

35 

3618 80 

3.558564 

35 

2218.09 

3.345979 

36 

9549.34 

3.979973 

36 

3581.10 

3.554017 

36 

2203.87 

3.343187 

37 

9291.25 

3.968074 

37 

3544.19 

3 549517 

37 

2189.84 

3.340412 

38 

9046.75 

3.956493 

38 

3508.02 

3.545063 

38 

2175.98 

3.337655 

39 

8814.78 

3.945212 

39 

3472.59 

3.540654 

39 

2162.30 

3.334916 

40 

8594.42 

3.934216 

40 

3437.87 

3.536289 

40 

2148.79 

3.332193 

41 

8384.80 

3.923493 

41 

3403.83 

3.531968 

41 

2135.44 

3.329488 

42 

8185.16 

3.913027 

42 

3370.46 

3.527690 

42 

2122.26 

3.326799 

43 

7994.81 

3.902808 

43 

3337.74 

3.523453 

43 

2109.24 

3.324127 

44 

7813.11 

3 892824 

44 

3305.65 

3.519257 

44 

2096.39 

3.321471 

45 

7639.49 

3.883065 

45 

3274.17 

3.515101 

45 

2083.68 

3.318832 

46 

7473.42 

3.873519 

46 

3243.29 

3.510985 

46 

2071.13 

3.316208 

47 

7314.41 

3.864179 

47 

3212.98 

3.506908 

47 

2058.73 

3.313600 

48 

7162.03 

3.855036 

48 

3183.23 

3.502868 

48 

2046 48 

3.311008 

49 

7015.87 

3.846082 

49 

3154.03 

3 498866 

49 

2034.37 

3.308431 

50 

6875.55 

3.837308 

50 

3125.36 

3.494900 

50 

2022.41 

3.305869 

51 

6740.74 

3.828708 

51 

3097.20 

3.490970 

51 

2010.59 

3.303323 

52 

6611.12 

3.820275 

52 

3069.55 

3.487075 

52 

1998.90 

3.300791 

53 

6486.38 

3.812002 

53 

3042.39 

3.483215 

53 

1987.35 

3.298274 

54 

6366.26 

3.803885 

54 

3015.71 

3.479389 

54 

1975.93 

3.295771 

55 

6250.51 

3.795916 

55 

2989.48 

3.475596 

55 

1964.64 

3.293283 

56 

6138.90 

3.788091 

56 

2963.72 

3.471836 

56 

1953.48 

3.290809 

57 

6031.20 

3.780404 

57 

2938.39 

3.468109 

57 

1942.44 

3.288349 

58 

5927.22 

3.772851 

58 

2913.49 

3.464413 

58 

1931.53 

3.285902 

59 

5826.76 

3.765427 

59 

2889.01 

3.460749 

59 

1920.75 

3.283470 

60 

5729.65 

3.758128 

60 

2864.93 

3.457115 

60 

1910.08 

3.281051 
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I) 

R 

i«kR 

D 

R 

■ 

log R 

D 

R 

log R 

3° 



4° 



5° 



O' 

1910.08 

3.281051 

O' 

1432.69 

3.156151 

O' 

1146.28 

3.059290 

1 

1899.53 

3.278646 

1 

1426.74 

3.154346 

1 

1142.47 

3.057846 

2 

1889.09 

3.276253 

2 

1420.85 

3.152548 

2 

1138.69 

3.056407 

3 

1878.77 

3.273874 

3 

1415.01 

3.150758 

3 

1134.94 

3.054972 

4 

1868.56 

3.271508 

4 

1409.21 

3.148975 

4 

1131.21 

3.053542 

5 

1858.47 

3.269155 

5 

1403.46 

3.147200 

5 

1127.50 

3.052116 

6 

1848.48 

3.266814 

6 

1397.76 

3.145431 

6 

1123.82 

3.050696 

7 

1838.59 

3.264486 

7 

1392.10 

3.143670 

7 

1120.16 

3.049280 

8 

1828.82 

3.262170 

8 

1386.49 

3.141916 

8 

1116.52 

3.047868 

9 

1819.14 

3.259867 

9 

1380.92 

3.140170 

y 

1112.91 

3.046462 

10 

1809.57 

3.257576 

10 

1375.40 

3.138430 

10 

1109.33 

3.045059 

11 

1800.10 

3.255296 

11 

1369.92 

3.136697 

li 

1105.76 

3.043662 

12 

1790.73 

3.253029 

12 

1364.49 

3.134971 

12 

1102.22 

3.042268 

13 

1781.45 

3.250774 

13 

1359.10 

3.133251 

13 

1098.70 

3.040880 

14 

1772.27 

3.248530 

14 

1353.75 

3.131539 

14 

1095.20 

3.039495 

IS 

1763.18 

3.246297 

15 

1348.45 

3.129833 

15 

1091.73 

3 038115 

16 

1754.19 

3.244077 

16 

1343.18 

3.128134 

16 

1088.28 

3.036740 

17 

1745.29 

3.241867 

17 

1337.96 

3.126442 

17 

1084.85 

3.035368 

18 

1736.48 

3.239669 

18 

1332.77 

3.124756 

18 

1081.44 

3.034002 

19 

1727.75 

3.237481 

19 

1327.63 

3.123077 

iy 

1078.05 

3.032639 

20 

1719.12 

3.235305 

20 

1322.53 

3.121404 

20 

1074.68 

3.031281 

21 

1710.57 

3.233140 

21 

1317.46 

3.119738 

21 

1071.34 

3.029927 

22 

1702.10 

3.230985 

22 

3312.43 

3.118078 

22 

1068.01 

3.028577 

23 

1693.72 

3.228841 

23 

2307 45 

3.116424 

23 

1064.71 

3.027231 

24 

1685.42 

3.226707 

24 

1302.50 

3.114777 

24 

1061.43 

3 025890 

25 

1677 20 

3.224584 

25 

1297.58 

3.113136 

25 

1058.16 

3.024552 

26 

1669.06 

3.222472 

26 

1292.71 

3.111501 

26 

1054.92 

3.023219 

27 

1661.00 

3.220369 

27 

1287.87 

3.109872 

27 

1051.70 

3.021890 

28 

1653.01 

3.218277 

28 

1283.07 

3.108249 

28 

1048.49 

3.020565 

29 

1645.11 

3.216195 

29 

1278.30 

3.106632 

2y 

1045.31 

3.019244 

30 

1637.28 

3.214122 

30 

1273.57 

3.105022 

30 

1042.14 

3.017927 

31 

1629.52 

3.212060 

31 

1268 87 

3.103417 

31 

1039.00 

3.016614 

32 

1621.84 

3.210007 

32 

1264.21 

3.101818 

32 

1035.87 

3.015305 

33 

1614.22 

3.207964 

33 

1259.58 

3.100225 

33 

1032.76 

3.013999 

34 

1606.68 

3.205930 

34 

1254.98 

3.098638 

34 

1029.67 

3.012698 

35 

1599.21 

3.203906 

35 

1250 42 

3.097057 

35 

1026.60 

3.011401 

36 

1591.81 

3.201892 

36 

1245.89 

3 095481 

36 

1023.55 

3 010107 

37 

1584.48 

3.199886 

37 

1241.40 

3.093912 

37 

1020.51 

3 008818 

38 

1577.21 

3.197890 

38 

1236.94 

3 092347 

38 

1017.49 

3.007532 

39 

1570.01 

3.195903 

39 

1232.51 

3.090789 

3y 

1014.50 

3.006250 

40 

1562.88 

3.193925 

40 

1228.11 

3.089236 

40 

1011.51 

3.004972 

41 

1555.81 

3.191956 

41 

1223.74 

3.087689 

41 

1008.55 

3.003698 

42 

1548.80 

3 189996 

42 

1219.40 

3.1)86147 

42 

1005.60 

3.002427 

43 

1541.86 

3.188045 

43 

1215.09 

3.084610 

43 

1002.67 

3.001160 

44 

1534 98 

3 186103 

44 

1210.82 

3.083079 

44 

999.762 

2.999897 

45 

1528.16 

3.184169 

45 

1206.57 

3.081553 

45 

996.867 

2.998637 

46 

1521.40 

3.182244 

46 

1202.36 

3.080033 

46 

993.988 

2.997381 

47 

1514.70 

3.180327 

47 

1198.17 

3.078518 

47 

991.126 

2.996129 

48 

1508.06 

3.178419 

48 

1194.01 

3.077008 

48 

988.280 

2.994880 

49 

1501.48 

3.176519 

49 

1189.88 

3.075504 

4y 

985.451 

2.993635 

50 

1494.95 

3.174627 

50 

1185.78 

3.074005 

50 

982.638 

2.992393 

51 

1488.48 

3.172744 

51 

H81.71 

3.072511 

51 

979.840 

2.991155 

52 

1482.07 

3.170868 

52 

1177.66 

3.071022 

52 

977.060 

2.989921 

53 

1475.71 

3.169001 

53 

1173.65 

3.069538 

53 

974.294 

2.988690 

54 

1469.41 

3.167142 

54 

1169.66 

3.068059 

54 

971.544 

2.987463 

ss 

1463.16 

3.165291 

55 

1165.70 

3.066585 

55 

968.810 

2.986238 

56 

1456.96 

3.163447 

56 

1161.76 

3.065116 

56 

966.091 

2.985018 

57 

1450.81 

3.161612 

57 

1157.85 

3.063653 

57 

963.387 

2.983801 

58 

1444.72 

3.159784 

58 

1153.97 

3.062194 

58 

960.698 

2.982587 

39 

1438.68 

3.157963 

sy 

1150.11 

3.060740 

59 

958.025 

2.981377 

60 

1432.69 

3.156151 

60 

1146.28 

3.059290 

60 

955.366 

2.980170 









OOU (JUiiV KADII AWD TUJilitJLOaS. B = 50/Sln (D/2). 


O' 955.366 

1 952.722 

2 950.093 

3 947.478 

4 944.877 

5 942.291 

6 939.719 

7 937.161 

8 934.616 

9 932.086 

10 929.569 

11 927.066 

12 924.576 

13 922.100 

14 919.637 

15 917.187 

16 914.750 

17 912.326 

18 909.915 

19 907.517 

20 905.131 

21 902.758 

22 900.397 

23 898.048 

24 895.712 

25 893.388 

26 891.076 

27 888.776 

28 886.488 

29 884.211 

30 881.946 

31 879.693 

32 877.451 

33 875.221 

34 873.002 

35 870.795 

36 868.598 

37 866.412 

38 864.238 

39 862.075 

40 859.922 

41 857.780 

42 855.648 

43 853.527 

44 851.417 

45 849.317 

46 847.228 

47 845.148 

48 843.080 

49 841.021 

50 838.972 

51 836.933 

52 834.904 

53 832.885 

54 830.876 

55 828.876 

56 826.886 

57 824.905 

58 822.934 

59 820.973 

60 819.020 


2.968282 
2 967111 
2.965943 
2.964778 
2.963616 
2.962458 
2.961303 
2.960150 
2.959001 
2.957855 
2.956711 
2.955571 
2.954434 
2.953300 
2.952168 
2.951040 
2.949915 
2.948792 
2.947673 
2.946556 
2.945442 
2.944331 
2.943223 
2.942118 
2.941015 
2.939916 
2.938819 
2.937725 
2.936633 
2.935545 
2.934459 
2.933376 
2.932295 
2.931218 
2.930142 
2.929070 
2.928000 
2.926933 
2.925869 
2.924807 
2.923747 
2.922691 
2.921637 
2.920585 
2.919536 
2.918489 
2.917446 
2.916404 
2.915365 
2.^14329 
2.913295 


D R log: R 


7° 

0' 819.020 2.913295 

1 817.077 2.912263 

2 815.144 2.911234 

3 813.219 2.910208 

4 811.303 2.909183 

5 809.397 2.908162 

6 807.499 2.907142 

7 805.611 2.906125 

8 803.731 2.905111 

9 801.860 2.904098 

10 799.997 2.903089 

11 798.144 2.902081 

12 796.299 2.901076 

13 794.462 2.900073 

14 792.634 2.899073 

15 790.814 2.898074 

16 789.003 2.897078 

17 787.200 2.896085 

18 785.405 2.895094 

19 783.618 2.894105 

20 781.840 2.893118 

21 780.069 2.892133 

22 778.307 2.891151 

23 776.552 2.890171 

24 774.806 2.889193 

25 773.067 2.888217 

26 771.336 2.887244 

27 769.613 2.886272 

28 767.897 2.885303 

29 766.190 2.884336 

30 764.489 2.883371 

31 762.797 2.882409 

32 761.112 2.881448 

33 759.434 2.880490 

34 757.764 2.879534 

35 756.101 2.878580 

36 754.445 2.877627 

37 752.796 2.876678 

38 751.155 2.875730 

39 749.521 2.874784 

40 747.894 2.873840 

41 746.274 2.872898 

42 744.661 2.871959 

43 743.055 2.871021 

44 741.456 2.870086 

45 739.864 2.869152 

46 738 279 2.868221 

47 736.701 2.867291 

48 735.129 2.866363 

49 733.564 2.865438 

50 732.005 2.864514 

51 730.454 2.863593 

52 728.909 2.862673 

53 727.370 2.861755 

54 725.838 2.860840 

55 724.312 2.859926 

56 722.793 2.859014 

57 721.280 2.858104 
5 8 719.77 4 2.857196 

59 718.273 2.856290 

60 716.779 2.855385 


8 

O' 716.779 

1 715.291 

2 713.810 

3 712.335 

4 710.865 

5 709.402 

6 707.945 

7 706.493 

8 705.048 

9 703t609 

10 702.175 

11 700.748 

12 699.326 

13 697.910 

14 696.499 

15 695.095 

16 693.696 

17 692.302 

18 690.914 

19 689.532 

20 688.156 

21 686.785 

22 685.419 

23 684.059 

24 682.704 

25 681.354 

26 680.010 

27 678.671 

28 677.338 

29 676.008 

30 674.686 

31 673.369 

32 672.056 

33 670.748 

34 669.446 

35 668.148 

36 666.856 

37 665.568 

38 664.286 

39 663.008 

40 661.736 

41 660.468 

42 659.205 

43 657.947 

44 656.694 

45 655.446 

46 654.202 

47 652.963 

48 651.729 

49 650.499 

50 649.274 

51 648.054 

52 646.838 

53 645.627 

54 644.420 

55 643.21 8 

56 642.021 

57 640.828 

58 639.639 

59 638.455 

60 637.275 


2.855385 
2.854483 
2.853583 
2.852684 
2.851787 
2.850892 
2.849999 
2.849108 
2 848219 
2.847331 
2.846445 
2.845562 
2.844679 
2.843799 
2.842921 
2.842044 
2.841169 
2.840296 
2.839424 
2.838555 
2.837687 
2.836821 
2.835956 
2.835093 
2.834232 
2.833373 
2.832515 
2.831660 
2.830805 
2.829953 
2.829102 
2.828253 
2.827405 
2.826560 
2.825715 
2.824873 
2.824032 
2.823193 
2.822355 
2.821519 
2.820685 
2.819852 j 
2.819021 | 
2.818191 
2.817363 
2.816537 
2.815712 
2.814889 
2.814067 
2.813247 
2.812428 
2.811611 
2.810796 
2.809982 
2.809169 
2.808358 , 
2.807549 1 
2.806741 
2.805935 
2.805130 
2.804327 







CUBVI1ADII ANDTHEXELOGS. B = 50/sin (D/2). 887 


D 

R 

IorR 

D 

U 

log R 

D 

R 

log R 

l>° 



10° 



12° 



0' 

637.275 

2.804327 

O' 573.686 

2.758674 

O' 

478.339 

2.679735 

1 

636.099 

2.803525 

2 

571.784 

2.757232 

2 

477.018 

2.678535 

2 

634.928 

2.802724 

4 

569.896 

2.755796 

4 

475.705 

2.677338 

3 

633.761 

2.801926 

6 

568.020 

2.754364 

6 

474.400 

2.676145 

4 

632.599 

2.801128 

8 

566.156 

2.752937 

8 

473.102 

2.674954 

5 

631.440 

2.800332 

10 

564.305 

2.751514 

10 

471.810 

2.673767 

6 

630.286 

2.799 538 

12 

562.466 

2.750096 

12 

470.526 

2.672584 

7 

629.136 


14 

560.638 

2.748683 

14 

469.249 

2.671403 


627 991 


16 

558.823 

2.747274 

16 

467.978 

2.670226 


626.849 

2.797163 

18 

557.019 

2.745870 

18 

466.715 

2.669052 

10 

625.712 

2.796374 

20 

555.227 

2.744471 

20 

465.459 

2.667881 




22 

553.447 

2.743076 

22 

464.209 

2.666713 




24 

551.678 

2.741686 

24 

462.966 

2.665549 




26 

549.920 

2.740300 

26 

461.729 

2.664387 

14 

621.203 

2.793234 

28 

548.174 

2.738918 

28 

460.500 

2.663229 

15 

620.087 

2.792453 

30 

546.438 

2.737541 

30 

459.276 

2.662074 

16 

618.974 

2.791673 

32 

544.714 

2.736169 

32 

458.060 

2.660922 

17 

617.865 

2.790894 

34 

543.001 

2.734800 

34 

456.850 

2.659773 

18 

616.760 

2.790117 

36 

541.298 

2.733436 

36 

455.646 

2.658628 

19 

615.660 

2.789341 

38 

539.606 

2.732077 

38 

454.449 

2.657485 

20 

614.563 

2.788566 

40 

537.924 

2.730721 

40 

453.259 

2.656345 




42 

536.253 

2.729370 

42 

452.073 

2.655208 




44 

534.593 

2.728023 

44 

450.894 

2 654075 




46 

532.943 

2.726681 

46 

449.722 

2.652944 

24 

610.214 

2.785482 

48 

531.303 

2.725342 

48 

448.556 

2.651816 

25 

609.136 

2.784714 

SO 

529.673 

2.724008 

50 

447.395 

2.650691 

26 

608.062 

2.783948 

52 

528.053 

2.722677 

52 

446.241 

2.649570 

27 

606.992 

2.783183 

54 

526.443 

2.721351 

54 

445.093 

2.648451 

28 

605.926 

2.782420 

56 

524.843 

2.720029 

56 

443.951 

2.647335 

29 

604.864 

2.781657 

58 

523.252 

2.718711 

58 

442,814 

2.646221 




11° 



13° 



30 

603.805 

2.780897 

0' 

521.671 

2.717397 

0 

441.684 

2.645111 




2 

520.100 

2.716087 

2 

440.559 

2.644004 




4 

518.539 

2.714781 

4 

439.440 

2.642899 




6 

516.986 

2.713479 

6 

438.326 

2.641798 

34 

599.607 

2.777867 

8 

515.443 

2.712181 

8 

437.219 

2.640699 

35 

598.567 

2.777112 

10 

513.909 

2.710887 

10 

436.117 

2.639603 

36 

597.530 

2.776360 

12 

512.385 

2.7095*6 

12 

435.020 

2.638510 

37 

596.497 

2.775608 

14 

510.869 

2.708310 

14 

433.929 

2.637419 

38 

595 467 

2.774858 

16 

509.363 

2.707027 

16 

432.844 

2.636331 

39 

594 441 

2.774109 

18 

507.865 

2.705748 

18 

431.764 

2.635246 

40 

593.419 

2.773361 

20 

506.376 

2.704473 

20 

430.690 

2.634164 




22 

504.896 

2.703202 

22 

429.620 

2.633085 




24 

503.425 

2.701934 

24 

428.557 

2.632008 




26 

501.962 

2.700671 

26 

427.498 

2.630934 

44 

589.364 

2.770383 

28 

500.507 

2.699410 

28 

426.445 

2.629863 

45 

588.359 

2.769642 

30 

499.061 

2.698154 

30 

425.396 

2.628794 

46 

587.357 

2.768902 

32 

497.624 

2.696901 

32 

424.354 

2.627728 

47 

586.359 

2.768164 

34 

496.195 

2.695652 

34 

423.316 

2.626665 

48 

585 364 

2.767426 

36 

494.774 

2.694407 

36 

422.283 

2.625604 

49 

584.373 

2.766690 

38 

493.361 

2.693165 

38 

421.256 

2.624546 

50 

583.385 

2.765955 

40 

491.956 

2.691926 

40 

420.233 

2.623490 




42 

490.559 

2.690692 

42 

419.215 

2.622437 




44 

489.171 

2.689460 

44 

418.203 

2.621387 




46 

487.790 

2.688233 

46 

417.195 

2.620339 

54 

5 79.466 

2.763028 

48 

486.417 

2.687008 

48 

416.192 

2.619294 

55 

578.494 

2.762299 

50 

485.051 

2.685788 

50 

415.194 

2.618251 

56 

577.526 

2.761572 

52 

483.694 

2.684570 

52 

414.201 

2.617211 

57 

576.561 

2.760845 

54 

482.344 

2.683357 

54 

413.212 

2.616173 

58 

575.599 

2.760120 

56 

481.001 

2.682146 

56 

412.229 

2.615138 

59 

574.641 

2.759397 

. 58 

479.666 

2.680939 

58 

411.250 

2.614106 

60 

573.686 

2.758674 

60 

478.339 

2.679735 

60 

410.275 

2.613075 






888 CUBV RADII AND TIIEIR LOOS. R = 50/Bln (D/2). 


0' 319.623 2.504638 
2 319.037 2.503841 
4 318.453 2.503045 
6 317.871 2.502251 
8 317.292 2.501459 
10 316.715 2.500668 
12 316.139 2.499879 
14 315.566 2.499091 
16 314.993 2.498304 
18 314.426 2.497519 
20 313.860 2.496736 
22 313.295 2.495953 
24 312.732 2.495173 
26 312.172 2.494393 
28 311.613 2.493616 
30 311 056 2.492839 
32 510.502 2 492064 
34 309 949 2.491291 
36 309.399 2 490518 
38 308.850 2.489748 
40 308.303 2.488978 
42 307.759 2.488210 
44 307.216 2.487444 
46 306.675 2 486679 
48 306.136 2.485915 
50 305.599 2.485152 
52 305.064 2.484391 
54 304.531 2.483632 
56 304.000 2.482872 
58 303.470 2.482116 
0 ° 

0' 302.943 2.481361 
2 302.417- 2.480607 
4 301.893 2.479854 
6 301.371 2.479102 
8 300.851 2.478352 
10 300.333 2.477603 
12 299.816 2.476855 
14 299.302 2 476109 
16 298.789 2 475364 
18 298.278 2.474621 
20 297.768 2.473878 
22 297.260 2.473137 
24 296.755 2.472398 
26 296.250 2.471659 
28 295.748 2.470922 
30 295.247 2.470186 
32 294.748 2.469452 
34 294.251 2.468718 
36 293.756 2.467986 
38 293.262 2.467256 
40 292.770 2.466526 
42 292.279 2.465798 
44 291.790 2.465071 
46 291.303 2 464345 
48 290.818 2.463621 
50 290.334 2.462897 
52 289.851 2.462175 
54 289.371 2.461455 
56 288.892 2.460735 
58 288.414 2.460017 
60 287.939 2.459300 


/ 24 398.937 2.600904 
I 26 398.020 2.599905 
/ 28 397.108 2.598908 
I 30 396.200 2.597914 
I 32 295.296 2.596922 
f 34 3*4.396 2.595933 
f 36 393.501 2.594945 

38 392.609 2.593960 
40 391.722 2.592978 
42 390.838 2.591997 
44 389.959 2.591019 
46 389.084 2 590043 
48 388.212 2.589069 
50 387.345 2.588097 
52 386 481 2.587128 
54 385.621 2.586161 
56 384 765 2.585196 
58 383.913 2.584233 
15° 

0' 383.065 2.583272 
2 382.220 2.582314 
4 381.380 2.581358 
6 380.543 2.580403 
8 379.709 2.579451 
10 378.880 2.578501 
12 378.054 2.577553 
14 377.231 2.576608 
16 376.412 2.575664 
18 375.597 2.574722 
20 374.786 2.573783 
22 373.977 2.572845 
24 373.173 2.571910 
26 372.372 2.570977 
28 371.574 2.570045 
30 370.780 2.569116 
32 369.989 2.568189 
34 369.202 2.567264 
36 368.418 2.566340 
38 367.637 2.565419 
40 366.859 2.564500 
42 366.085 2.563582 
44 365.315 2.562667 
46 364.547 2.561754 
48 363.783 2.560843 
50 363.022 2.559933 
52 362.264 2.559026 
54 361.510 2.558120 
56 360.758 2.557216 
58 360.010 2 556315 
60 359.265 2.555415 


10° 



0' 359.265 2.555415 

2 358.523 2.55451" 

4 351 784 2.553621 

6 557 048 2.552727 


8 356.315 2.551834 
10 355.585 2.550944 


12 354.8. 

9 2.550055 


14 354 135 2 549169 
16 .15.1414 2 548284 

15 352.690 2.547401 

20 351.9S1 2 546519 

1 22 351.269 2.545640 
/ 24 350 560 2.S4476J 
/ 26' 349 854 2 5 43,5W 
/ 28 349.150 2.543013 

I 30 348.450 

2.542140 

1 32 347.752 

2.541270 

ml 

347.057 

2.540401 

HE 

346.365 

.2.539535 

■£ 

345.676 

2.538670 

40 

344.990 

2.537806 

42 

344.30 6 

2.536945 

44 

343.625 

2.536085 

46 

342 947 

2 535227 

48 

342.271 

2.534370 

50 

341.598 

2 533516 

52 

340.928 

2.532663 

54 

340.260 

2.531811 

56 

339.595 

2.530962 

58 

338.933 

2.530114 

17° 



0 

338.273 

2.529268 

2 

337.616 

2 528424 

4 

336.962 

2.527581 

6 

336 310 

2.526740 

8 

335.660 

2.525900 

10 

335.013 

2.525062 

12 

334.369 

2.524226 

14 

333.727 

2.523392 

16 

333.088 

2.522559 

18 

332.451 

2.521728 

20 

331.816 

2.520898 

22 

331.184 

2.520070 

24 

330.555 

2.519244 

26 

329.928 

2.518419 

28 

329.303 

2.517596 

30 

328.681 

2.516774 

32 

328.061 

2.515954 

34 

327.443 

2.515136 

36 

326.828 2.514319 1 

38 

326.215 

2.513504 

40 

325.604 

2.512690 

42 

324.996 

2.511878 

44 

324.390 

2.511067 

46 

323.786 

2.510258 

48 

323.184 

2.509451 

50 

322.585 

2.508645 

52 

321.989 

2.507840 

54 

321.394 

2.507037 

56 

320.801 

2.506236 

58 

320.211 

2.505436 

60 

319.623 

2.504638 



CURV KAMI AND THEIR LOOS. R = 50/sln (D/2). 
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RAILROADS. 


General Curv Equations 


For symbols, see MI 3 and 9, pp 875, 876. 


30. Fig 10. To avoid undue repetition, one equation is here 
frequently intended to serv, by inversion and substitution, for all 
the factors involvd and for others. Thus, from 
U = R vers (A/2), we have, also:— 


A M 

R = Jf/verstA/2) ; vers— — — 
2 R 

etc, etc. See jj 69. 


E cost A/2) 
T cot(A/2) 



FIr. 10. 


Angular Functions 

31. Fig 10. Functions of A/2. 


A 

Sin — = 
2 


O 

2 R 
R- M 


E + M 


„ A 

Cos — = 

2 R 

ys _ 


T a + E 3 

A T 

Tan — = — = 
2 R 

A 

Vers — — 


R + K 


C* + 4 M 2 
E + M 


R +E 


C/2 


C/2 


A 

cos — 
2 


M 

R 


R - M 
E 


R + E 


A A A 

= sin — X tan — = 2 sin* — 

2 4 4 


A E 

Exsec — = — 

2 R 


(17) 


(18) 

(19) 


( 20 ) 

( 21 ) 
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32. Fig 10. Functions of A/4. 

M 


A 

Sin — = 


A 

Sin 3 — 
4 


PH 
A P 
A P 
2 R 


^Al 2 + (C/2)* 


A E 

Tan — = — 
4 T 


MM 2 + (C/2) 2 
PII M 

A P 2 R 

2 M 


2 R 


T = \ 

which may be shown to be 
T 


b T - c \e-m 
2 T -(■ 0 ~~ \ E + M 


> R + E 


.( 22 ) 

vers (A/2) 
ain(A/2) 

.(23) 


lilncnr functions 

33. Fig; 10. Relations between R, E and M. 

R + E = -V T~ + R 2 .(24) 

B - M = Vit»~~<<72)* = ■VTfi"+~C/2) (K - o72T„.(25| 

E + M = n'T* - (C/sF = VTJ' + t’/2) (T - C/1!). . (28) 

34. FIk 11. Filiation. for R, C, T, K, Y, BF, M and Ml. 

D = sharpness, in degrees unless otherwise stated. 

TOM E 

tan(A/2) 2 sin (A/2) vers (A/2) exsec (A/2) 

r 2 — E x (C/2)* 4- M 2 EM 

~ 2 E ~ 2 M ~ E - M 

= approx /£j/I) = (/e for 1° curv)/D =: upprox 5720.0.1 ft//> 

= approx C 2 /8M (see table, p 803).(27) 

C " 2 R sin (A/2) = 2 T cos (A/2) 

= 2 M cot(A/4) - 2 R~^U) 

sin(n U/2)* 

- loo- 

sin(/J/2) 


7' 


sin (A/2) 

2 E ---n approx V~8 R M (see table, p 803)... (28) 

exsec (A/ 2 ) 


C 


R tan(A/2) = 
tan (A/2) 

M - : 

vers(A/2) 

(fi + B) sin(A/2) 


2 cos( A/2) 
l- E cot (A/ 4 ) 

= VA' (2 R + E) 

M + E 


4 (C/2)* + (M + E)* - 


oln < A 


(29) 
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RAILROADS. 


E = R exsec (A/2) = T tan (A/4) 
= tan (A/2) tan (A/4) = C 

= approx M (see table, p 893) .. 


= M sec (A/2) 
exsec (A/2) R M 

2 sin (A/2) ~ R-M 
.(30) 



Y 


BF = 

M = 


R vers A = Osin (A/2) 

2 R sin 2 (A/2) = C 2 /2 R = T stn A 

vers A vers A 

E - = M - 

exsec (A/2) vers (A/2) 


7 

approx (see table, p 893) 4 M = — n 2 D° *.(31) 

8 

2 C sin (A/4) .(31a) 


PB* vers (A/2) 

R vers(A/2) = 2 R sin 2 (A/4) = - = T - 

2 R tan (A/2) 

((7/2) tan(A/4) = Rcos(A/2) = RE/(R + E) 

R - V rT^~JO/Z)* ~ R - <(R~+ C/2j~(« - C/2) 
R sin(A/2) X tan (A/4); 

approx (see table, p 893) 4 M\ = Y/4 = R F/4 


if + B 


CP 


7 

= ~n?D°* 

32 


2 


8R 


(32) 
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Mu = 


R vers (A/4) 


1 — cos (A/4) 

M - 

1 -cos(A/2) 


M 

approx — (see table, below) 


iln»(A/8) 

Bin* (A/4) 

.(33) 


For side ordinate, Mx, see fl 35. 

Multipliers lor Converting; Approximate Values from Equa¬ 
tions Above to Correct Values. The following table of multipliers 
Indicates the degrees of approximation of our several approximate 
equations in 34, and enables us to obtain the correct values from 
them. 

Example. Given A = 30°; required the middle ordinate, M, 
for the entire curv. Here eq (32) gives, approx, M = BF/ 4; 
but, in the following table, in the line beginning “(32) 
At = B f/4”, and in the colum headed “A = 30°”, we find the 
correctiv multiplier, 1.0088, which gives the true value, 
.1/ = 1.0088 X B F/i = 0 2522 B F. 


1*1 





A 

— 



No. 

Equation. 

1° 

10° 

20° 

30° 

60° 

90* 




To obtain correct values of 

the equations, 1 




multiply the approx value by the proper 





coefficient given below 


nz) 

M 

= 4 Mh 

1.0000 

0.9995 

0 9981 

0.9957 

0.9830 

0.9619 

(3?) 

Mh 

=- M/4 

1.0000 

1.0005 

1.0020 

1.0043 

1.0173 

1.0396 

(31) 

Y 

= 41 

1.0000 

0.9980 

0.9925 

0.9831 

0.9328 

0.8535 

(32) 

M 

= 7/4 

1.0000 

1.0020 

1.0076 

1.0172 

1.0720 

1.1716 

(32) 

M 

= BF /4 

1.0000 

1.0008 

1.0040 

1.0088 

1.0352 

1.0824 

(32) 

M 

- (lf+B)/2 

1.0000 

0.9980 

0.9924 

0.9826 

0.9282 

0.8284 

(30) 

E 

- M 

1.0000 

1.0038 

1.0154 

1.0353 

1.1547 

1.4142 

UJI 

M 

=- E 

1.0000 

0.9962 

0.9848 

0.9659 

0.8660 

0.7071 

(27) 

R 

= C 2 /8 M 

1.0000 

1.0019 

1.0076 

1.0173 

1.0718 

1.1716 

(28) 

C 

= VTSm 

1.0000 

0.9981 

0.9925 

0.9830 

0.9330 

0.8535 

(32) 

At 

= CP/8R 

1.0000 

1.0019 

1.0076 

1.0173 

1.0718 

1.1716 

(32) 

M 

7 

= — n?D* 








32 








for 

I) = 1° 

0.9975 

0.9966 

0.9947 

0.9915 

0.9746 

0.9472 


** 

1> = 10° 

0.9984 

0.9979 

0.9961 

0.9929 

0.9760 

0.9481 


** 

1) = 20° 

1.0025 

1.0016 

0.9998 

0.9966 

0.9797 

0.9518 

(31, 

y 

7 

- - n*D* 

8 








for 

D - 1 0 

0.9974 

0.9949 

0.9873 

0.9747 

0.9095 

0.8085 


/) = 10° 

0.9986 

0.9961 

0.9885 

0.9760 

0.9106 

0.8095 


“ 

l) « 20° 

1.0024 

0.9999 

0.9922 

0.9798 

0.9141 

0.8126 

(2?) 

R 

= iZi/U 0 







Who 

i 


D=5° 

9 = 10° 

D= 15° Dr=20° 

nggrrci 

IiRuUi 

Mult RJl) by 


1.0013 


uum1 

1.0115 

1.0206] 


*n = number of unit chains in the curv. 














894 


RAILROADS. 


Long Chords, C, In ft, required to subtend from two to eight 
100-ft chains, for different sharpnesses, D. 

G = 2 R sin (A/2) 


For table of long-chords to a 1“ curv, for diff sweeps, A» see fl 40a. 


r 


2 stas 

3 stas 

4 stas 

5 stas 

« stas 

7 stas 

8 stas 

U 

O 

C 

C 

0 

C 

C 

G 

0 

' 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

0 

10 

200.00 

300.00 

400.00 

500 00 

599.99 

699.99 

799 98 


20 

200.00 

300.00 

399 99 

499.98 

599.97 

699.95 

799.93 


30 

200.00 

299.99 

399.98 

499.96 

599.93 

699.89 

799.84 


40 

200.00 

299.99 

399 97 

499 93 

599.88 

699.81 

799.72 


SO 

200.00 

299.98 

399 95 

499.89 

599.82 

699.70 

799.56 

1 

0 

199.99 

299 97 

399.92 

499.85 

599.73 

699.57 

799.36 


10 

199.99 

299.96 

399 90 

499.79 

599.64 

699.42 

799.13 


20 

199.99 

299.95 

399-87 

499.73 

599.53 

699.24 

798.86 


30 

199.98 

299.93 

399.83 

499.66 

599.40 

699.04 

798.56 


40 

199.98 

299 92 

399.79 

499.58 

599.26 

698.82 

798.22 


so 

199.97 

299.90 

399.74 

499.49 

599.11 

698.57 

797.85 

2 

0 

199.97 

299.88 

399.70 

499.39 

598.93 

698.30 

797.44 


10 

199.96 

299.86 

399.64 

499.29 

598.75 

698.00 

797.00 


20 

199.96 

299.83 

399.59 

499.17 

598.55 

697.68 

796.52 


30 

199.95 

299 81 

399.52 

499.05 

598.34 

697.34 

796.01 


40 

199.95 

299 78 

399.46 

498.92 

598.11 

696.97 

795.46 


50 

199.94 

299.76 

399.39 

498.78 

597.86 

696.58 

794.87 

3 

0 

199.93 

299.73 

399 32 

498.63 

597.60 

696.17 

794.26 


10 

199.92 

299.70 

399.24 

498.47 

597.33 

695.73 

793.60 


20 

199.92 

299 66 

399.15 

498 31 

597.04 

695.27 

792.91 


30 

199.91 

299.63 

399.07 

498.14 

596 74 

694.79 

792.19 


40 

199.90 

299.59 

398.98 

497.96 

596.42 

694.28 

791.43 


50 

199.89 

299.55 

398.88 

497.77 

596.09 

693.75 

790.63 

4 

0 

199.88 

299.51 

398.78 

497.57 

595.74 

693.20 

789.80 


10 

199.87 

299.47 

398.68 

497.^6 

595.38 

692.62 

788.94 


20 

199.86 

299.43 

398.57 

497.15 

595.01 

692.02 

788.04 


30 

199.85 

299 38 

398.46 

496.92 

594.62 

691.40 

787.11 


40 

199.83 

299 34 

398.34 

496 69 

594.21 

690.75 

786.14 


so 

199.82 

299.29 

398.22 

496.45 

593.79 

690.08 

785.14 

5 

0 

199.81 

299.24 

398.10 

496.20 

593.36 

689.39 

784.10 


10 

199.80 

299.19 

397.97 

495.94 

592.91 

688.67 

783.03 


20 

199.78 

299.13 

397.84 

495.68 

592.45 

687.93 

781.93 


30 

199.77 

299 08 

397 70 

495.41 

591.97 

687.17 

780.79 


40 

199.76 

299.02 

397.56 

495.12 

591.48 

686.38 

779.61 


50 

199.74 

298.96 

397 41 

494.83 

590.97 

685.58 

778.41 

6 

0 

199.73 

298.90 

397.26 

494.53 

590.45 

684.75 

777.17 


10 

199.71 

298.84 

397.11 

494.23 

589.91 

683.89 

775.89 


20 

199.70 

298.78 

396.95 

493.91 

589.36 

683.02 

774.58 


30 

199.68 

298.71 

396 79 

493.59 

588.80 

682.12 

773.24 


40 

199.66 

298.65 

396.62 

493.26 

588.22 

681.20 

771.86 


so 

199.64 

298.58 

396.45 

492.92 

587.63 

680.25 

770.46 

7 

0 

199.63 

298.51 

396.28 

492.57 

587.02 

679.29 

769.01 


10 

199.61 

298.44 

396.10 

492.21 

586.40 

678.30 

767.54 


20 

199.59 

298.36 

395.92 

491.85 

585.77 

677.28 

766.03 


30 

199.57 

298.29 

395.73 

491.47 

585.12 

676.25 

764.49 


40 

199.55 

298.21 

395.54 

491.09 

584.45 

675.19 

762.92 


50 

199.53 

298.13 

395.34 

490.70 

583.77 

674.12 

761.31 




LONG CHORDS. 895 

Long Chords, C, In ft, required to subtend from two to eight 
100-ft chains, for different sharpnesses, D, 

C = 2 It sin (A/2) 

For table of long-chords to a 1° curv, for diff sweeps, A. see fl 40a. 


(Continued) 
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BAILKOADS. 


Long Chords, C, In ft, required to subtend from two to eight 
lOO-ft chains, for different sharpnesses, D. 

C — 2 R sin (A/2) 

For table of long-chords to a 1° curv, for diff sweeps, A. see ft 40a. 

(Concluded) 


r 


2 stas 

3 stas 

4 stas 

5 stas 

0 stas 

7 stas 

8 stas 

D 

C 

0 

C 

C 

C 


G 

° 

' 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

16 

0 

198 05 

292.25 

380.76 

461.86 

533.97 

595-69 

645.81 


10 

198.01 

292.09 

380 37 

461.08 

532.64 

593.61 

642 78 


20 

197.97 

291.93 

379.96 

460.29 

531.29 

S91.51 

639.73 


30 

197.93 

291.76 

379.56 

459.50 

529 93 

589.39 

636.65 


40 

197 89 

291.60 

379 15 

458.70 

528 56 

587.25 

633.55 


50 

197.85 

291.43 

378.74 

457.89 

527.17 

585.10 

630.43 

17 

0 

197 80 

291.26 

378 32 

457.07 

525 78 

582 93 

627.28 


10 

197.76 

291 09 

377 90 

456 24 

524 37 

580 75 

624 12 


20 

197.72 

290.92 

377.48 

455.41 

522.95 

578.55 

620 93 


30 

197.67 

290.74 

377.05 

454.57 

521.52 

576.33 

617 72 


40 

197.63 

290.57 

376.62 

453.73 

520 08 

574 09 

614 49 


50 

197.58 

290.39 

376.18 

452.88 

518.63 

571.84 

611 23 

18 

0 

197 54 

290 21 

375.74 

452.02 

517.16 

569.57 

607.96 


10 

197.49 

290 03 

375.30 

451.15 

515.69 

567.29 

604 66 


20 

197.45 

289.85 

374.85 

450.37 

514 20 

564.99 

601 35 


30 

197.40 

289.67 

374.40 

449.39 

512 70 

562.67 

598 01 


40 

197.35 

289.48 

373.94 

448.50 

511 19 

560.34 

594.66 


50 

197.31 

289.29 

373.48 

447.61 

509.67 

558.00 

591.28 

19 

0 

197.26 

289.10 

373.02 

446.71 

508 14 

555.63 

587.89 


10 

197.21 

288.91 

372 55 

445.80 

506 60 

553.26 

584.48 


20 

197 lb 

288.72 

372.08 

444.88 

505.04 

550 86 

581.04 


30 

197 11 

288 53 

371.61 

443.96 

503.48 

548.46 

577 59 


40 

197.06 

288.33 

371.13 

443.03 

501 91 

546.04 

574 12 


50 

197.01 

288.14 

370.65 

442.09 

500.32 

543.60 

570 63 

20 

0 

196 96 

287.94 

370.17 

441.15 

498 72 

541.15 

567.13 

35. Side ordinate, Mx. 

Fig 15 





Mx 

— 

■VJK® - x 2 

+ u - 

It — 

V It* - 

v 1 — Jlc 

os (A/2 

).. (-14) 


= 

approx n 

/2 R (see table, 

below) 



...OW) 

where a 

and 6 ar 

the tvv 

segments of til 

chord, 

c, 



= 

approx 4 

/ a b/C 2 

(sec table, below) . 


. . (ISO) 


When fl = 100ft ( = c; A = 71), eq (36) becomes:— 


m < i It 

m* = approx- 

2500 


m 

approx - 

0 25 


a 

100 


b 

100 


....(37) 


or, since in that case, BF (— “tangntl dist”) = 200 sin(Z)/4) 
= approx 4 m, we have, for any curv and for any value of G :— 
a b 11F ■ a - b 


Mx = approx B F . - . -- 

100 100 


10,000 


....(38) 


See table p803, using coeffs for R — G 2 /S M. Thus, for A = 60°, 
Ux = 1.0718 B F • a * 6/10,000. 


Mx = approx D X .3/1 (see table, below) .(39) 

where D = the sharpness of the given curv. and M\ = the side 
ord for a 1° curv, at the given dist, x, from Its mid ord, M, on an 
equal chord, C. 
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Coefficients for the foregoing approximate equations for side 
ordinates, Mx. 

The following table of multipliers indicates the degree of ap¬ 
proximation of our several approximate equations In fl 35, and 
enables us to obtain the correct values from them. 

Example. Given A = 20°, and x/C = 1/4 ; required the ordi¬ 
nate, Mx, dist x from the mid ord, M. Here eq (35) gives, 
approx, Mx = a b/2 R; but, in the following table, in the line 
beginning “(35) Mx = ab/'2R”, and in the column headed 
"A = 20°, x/C = 1/4,” we find the correctiv multiplier, 1.0096. 
which gives the true value, Mx — 1.0096 u b/2 It — 0.5048 a b/R. 



Mil- 


No 

Equation. 

(35) 

Mx — ab/ZR 

(361 

M r — 4 Mab/C* 

K'.7) 

mx = wah/2500 

IW) 

Mx = n X Mx 


A = io° 

i A “ 20° 

x/C = 

1 x/C = 



1 0024 

1.0096 

1.0128 

1.0094 

1.0012 

1.0019 

1.0051 

1.0076 

0.9965 

1.0036 

1 0064 

1.0053 


For that nortion of a curv whicn is suoienueu mr u. «uwu, 
e, «; unit arc,^u, (sweep, A, = sharpness, D), use the equations 
of fl U 34, 35, 


substituting D, t, c, m, nix, r, y and nn 

for A. T, C, M, Mx, E, Y and Mh respectlvly. 
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EAILEOABS. 


Middle Ordlnatea, m, In ft, to 100-ft chain, for different aharp- 

leases. D. . .. 


0 

(0.000 

0.218 

0.436 

0.654 

0.872 

1.091 

1.309 

1.528 

1.746 

1.965 

1 

0.004 

0.222 

.0.440 

0.658 

0.876 

1.094 

1.313 

1.531 

1.749 

1.968 

2 

(0.007 

0.225 

0.444 

0.662 

0.880 

1.098 

1.317 

1.535 

1.753 

1.972 

3 

0.011 

0.229 

0.447 

0.665 

0 883 

1.102 

1.320 

1.539 

1.756 

1.975 

4 

0.015 

0.233 

0.451 

0.669 

0.887 

1.105 

1.324 

1.543 

1.761 

1.979 

5 

10.018 

0.236 

0.454 

0.673 

0.891 

1.109 

1.327 

1.5*6 

1.764 

1.983 

6 

0.022 

0.240 

0.458 

0.676 

0.894 

1.112 

1.331 

1.550 

1.768 

1.987 

7 

10.025 

0.244 

0.462 

0.680 

0 898 

1.116 

1.335 

1.553 

1.771 

1.990 

8 

0.029 

0.247 

0.465 

0.684 

0.902 

1.120 

1.338 

1.557 

1.775 

1.994 

9 

0.033 

0 251 

0.469 

0.687 

0.905 

1.123 

1.342 

1.561 

1.778 

1.998 

10 

0.036 

0.255 

0.473 

0.691 

0.909 

1.127 

1.346 

1.564 

1.782 

2.001 

11 

0.040 

0.258 

0.476 

0 694 

0 912 

1.131 

1.349 

1.568 

1.786 

2.005 

12 

0.044 

0.262 

0.480 

0.698 

0.916 

1.134 

1.353 

1.572 

1.790 

2.008 

13 

0 047 

0 265 

0.484 

0.702 

0.920 

1 138 

1.356 

1.575 

1.793 

2.012 

14 

0.051 

0.269 

0.487 

0.705 

0.923 

1.142 

1.360 

1.579 

1.797 

2 016 

15 

0.055 

0.273 

0 491 

0.709 

0.927 

1.146 

1 364 

1.582 

1.801 

2.019 

16 

0.058 

0.276 

0.494 

0.713 

0.931 

1.149 

1.368 

1.586 

1.804 

2.023 

17 

0.062 

0 280 

0.498 

0 716 

0 934 

1.153 

1.371 

1.590 

1.807 

2 026 

18 

0.065 

0.284 

0.502 

0 720 

0.938 

1.157 

1.375 

1.593 

1.811 

2 030 

19 

0.069 

0.287 

0.505 

0.723 

0.942 

1.160 

1.378 

1.597 

1.815 

2 034 

20 

0.073 

0.291 

0.509 

0.727 

0.945 

1.164 

1.382 

1.600 

1.819 

2.037 

21 

0.076 

0 295 

0.513 

0.731 

0.949 

1.168 

1.386 

1.604 

1.822 

2.041 

22 

0.080 

0.298 

0.516 

0.734 

0.952 

1.171 

1.389 

1.608 

1.826 

2.045 

23 

0.084 

0.302 

0 520 

0.738 

0.956 

1.175 

1.393 

1.611 

1 829 

2 048 

24 

0.087 

0.305 

0.524 

0.742 

0.960 

1.179 

1.397 

1.615 

1 833 

2.052 

25 

0.091 

0 309 

0.527 

0.745 

0.963 

1.182 

1.400 

1.619 

1 837 

2.056 

26 

0.095 

0.313 

0.531 

0.749 

0.967 

1.186 

1.404 

1 623 

1.840 

2.060 

27 

0.098 

0.316 

0 534 

0.753 

0.971 

1.190 

1.407 

1 626 

1 844 

2.063 

28 

0.102 

0.320 

0.538 

0 756 

0.974 

1.193 

1.411 

1.630 

1 848 

2.066 

29 

0.105 

0 324 

0.542 

0.760 

0.978 

1.197 

1.415 

1.633 

1.851 

2.070 

30 

0.109 

0.327 

0.545 

0.763 

0.982 

1.200 

1.418 

1.637 

1.855 

2.074 

31 

0.113 

0.331 

0 549 

0.767 

0.985 

1.204 

1.422 

1.641 

1.858 

2 077 

32 

0.116 

0.335 

0.553 

0.771 

0.989 

1.208 

1.426 

1 644 

1.862 

2 081 

33 

0.120 

0 338 

0.556 

0.774 

0.993 

1.211 

1.429 

1.648 

1.866 

2.084 

34 

0.124 

0.342 

0.560 

0.778 

0.996 

1.215 

1.433 

1.651 

1.869 

2.088 

35 

0.127 

0.345 

0 564 

0.782 

1.000 

1.218 

1 437 

1 655 

1.873 

2 092 

36 

0.131 

0.349 

0.567 

0.785 

1.003 

1.222 

1.440 

1 659 

1 877 

2.096 

37 

0.135 

0 353 

0.571 

0.789 

1.007 

1.226 

1.444 

1 662 

1.880 

2.099 

38 

0.138 

0.356 

0.574 

0.793 

1.011 

1.229 

1.447 

1.666 

1 884 

2.1031 

39 

0.142 

0.360 

0.578 

0.796 

1.014 

1.233 

1.451 

1.670 

1.887 

2.106 

40 

0.145 

0.364 

0.582 

0.800 

1.018 

1.237 

1,455 

1.673 

1.892 

2.110 

41 

0.149 

0.367 

0.585 

0.803 

1.022 

1.240 

1.458 

1.677 

1.895 

2.113 : 

42 

0.153 

0.371 

0.589 

0.807 

1.025 

1.244 

1.462 

1 680 

1 899 

2.117 

43 

0.156 

0.375 

0.593 

0.811 

1.029 

1.247 

1.466 

1.684 

1.903 

2.121 

44 

0.160 

0.378 

0.596 

0.814 

1.032 

1.251 

1.469 

1.688 

1.906 

2.125 

45 

0.164 

0.382 

0.600 

0.818 

1.036 

1.255 

1.473 

1.691 

1.910 

2.128 

46 

0.167 

0.385 

0.604 

0.822 

1.040 

1.258 

1.476 

1.695 

1.914 

2.132 

47 

0.171 

0.389 

0.607 

0.825 

1 043 

1.262 

1.480 

1.699 

1.918 

2.135 

48 

0.174 

0.393 

0.611 

0.829 

1.047 

1.266 

1.484 

1.702 

1.921 

2.139 

49 

0.178 

0.396 

0.614 

0.832 

1.051 

1.269 

1.487 

1.706 

1.924 

2.142 

50 

0.182 

0.400 

0.618 

0.836 

1.054 

1.273 

1.491 

1.710 

1.928 

2.147 

51 

0.185 

0.404 

0.622 

0.840 

1.058 

1.277 

1.495 

1.713 

1.932 

2.150 

52 

0.189 

0 407 

0.625 

0.843 

1.062 

1.280 

1.498 

1.717 

1.935 

2.154 

53 

0.193 

0.411 

0.629 

0.847 

1.065 

1.284 

1.502 

1.720 

1.939 

2.158 

54 

0.196 

0.414 

0.633 

0.851 

1.069 

1.288 

1.505 

1.724 

1.943 

2.161 

55 

0.200 

0.418 

0.636 

0.854 

1.073 

1.291 

1.510 

1.728 

1.946 

2.165 

56 

0.204 

0.422 

0.640 

0.858 

1.076 

1.295 

1.513 

1.731 

1.950 

2.168 

57 

0.207 

0.425 

0.644 

0.862 

1.080 

1.298 

1.517 

1.735 

1.953 

2.172 

58 

0.211 

0.429 

0.647 

0.865 

1.083 

1.302 

1.520 

1.739 

1.957 

2.175 

59 

0.215 

0.433 

0.651 

0.869 

1.088 

1.306 

1.524 

1.742 

1.961 

2.179 






MIDDLE ORDINATES. 


Middle Ordinate*, m, in ft, to 100-ft chain, for different sharp¬ 
nesses, D. 


(Concluded) 



























































































900 RAILROADS. 

Side ordinates, m*, In ft, 5 ft apart, to ITHX-ft chain. 

m. = -V ie* — a* — R cos (D/2) ; 

x = dlst, In ft, of side ordinate from middle ordinate. 
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Side ordinate*, mi, in ft, 5 ft apart, to 100-ft chain. 
_ (Concluded) 

ix = ^ R 2 — — R cos (D/2); 

= dist, in ft, of side ordinate from middle ordinate. 


x, ft, 5 10 15 | 20 25 30 35 40 


.864 

.839 

.794 

.734 

.655 

.559 

.445 

.314 

.166 

.900 

.874 

.827 

.764 

.682 

.582 

.464 

.327 

.173 

.936 

.909 

.860 

.795 

.709 

.606 

.482 

.340 

.179 

.972 

.944 

.893 

.825 

.736 

.629 

.501 

.354 

.186 

1.008 

.979 

.926 

.855 

.764 

.652 

.519 

.367 

.193 

1.044 

1.014 

.959 

.886 

.791 

.676 

.538 

.380 

.199 

1.080 

1.048 

.993 

.917 

.818 

.699 

.557 

.393 

.207 

1.116 

1.083 

1.026 

.947 

.845 

.722 

.576 

.406 

.214 

1.152 

1.118 

1.058 

.978 

.872 

.746 

.594 

.419 

.220 

1.188 

1.153 

1.092 

1.009 

.900 

.769 

.613 

.432 

.228 

1.224 

1.188 

1.124 

1 039 

.927 

.792 

.631 

.445 

.235 

1.260 

1.223 

1.157 

1.070 

.954 

.816 

.649 

.458 

.241 

1.296 

1.258 

1.191 

1 100 

.982 

.839 

.668 

.472 

.248 

1.332 

1.293 

1.224 

1.130 

1.009 

.862 

.686 

.485 

.255 

1.368 

1.328 

1.256 

1 161 

1.036 

.886 

.705 

.498 

.262 

1.404 

1.362 

1 290 

1 192 

1.064 

.909 

.724 

.511 

.269 

1.440 

1.397 

1 323 

1.222 

1.091 

.932 

.742 

.524 

.276 

1.476 

1.432 

1.355 

1.253 

1.118 

.956 

.761 

.537 

.283 

1.512 

1.467 

1.389 

1.284 

1.146 

.979 

.779 

.551 

.290 

1 548 

1 502 

1 422 

1 314 

1.173 

1 002 

.798 

.564 

.297 

1 584 

1.537 

1.454 

1.345 

1.200 

1.026 

.816 

.576 

.304 

1.620 

1.572 

1 488 

1 375 

1 228 

1 048 

.835 

.590 

311 

1.656 

1.607 

1.521 

1.405 

1.255 

1.071 

.854 

.603 

318 

1.692 

1.641 

1.553 

1.436 

1.282 

1.095 

.872 

.616 

.324 

1 728 

1.677 

1.587 

1.467 

1.310 

1.118 

.891 

.629 

.332 

1 836 

1 782 

1 687 

1 559 

1 392 

1 188 

.946 

.669 

.353 

1.944 

1.886 

1 787 

1 651 

1.474 

1.258 

1 002 

.708 

.373 

2.052 

1.991 

1.887 

1.742 

1.556 

1.328 

1.057 

.748 

.394 

2.161 

2.096 

1 987 

1.834 

1.637 

1.398 

1 114 

.787 

.415 

2.269 

2.201 

2.087 

1.926 

1.719 

1.468 

1.170 

.827 

.436 

2.377 

2.306 

2 186 

2.018 

1.802 

1.538 

1.226 

.866 

.457 

2.486 

2.411 

2.286 

2.110 

1.884 

1.609 

1.282 

.906 

.478 

2.594 

2.516 

2 386 

2.203 

1.967 

1 680 

1.339 

.946 

.499 

2.703 

2.621 

2.485 

2.295 

2.049 

1.750 

1.395 

.985 

.520 

2.811 

2.726 

2 585 

2.387 

2.132 

1.820 

1 451 

1.025 

.541 

2.920 

2.832 

2.685 

2.479 

2.214 

1.891 

1.507 

1.065 

.562 

3.028 

2 937 

2.785 

2.571 

2.297 

1.961 

1.564 

1.105 

.583 

3.136 

3.042 

2.884 

2.664 

2.379 

2.031 

1.620 

1.144 

.604 

3.245 

3.147 

2.984 

2.756 

2.462 

2 102 

1.676 

1.184 

.625 

3.354 

3.252 

3.084 

2 848 

2.544 

2.172 

1.732 

1.224 

.646 

3.462 

3.358 

3.184 

2.941 

2.627 

2.243 

1.789 

1.264 

.667 

3.680 

3.569 

3.384 

3.125 

2.792 

2.384 

1.902 

1.344 

.709 

3.897 

3.779 

3.584 

3 310 

2.958 

2.525 

2.014 

1.424 

.751 

4.115 

3.990 

3.784 

3.495 

3.123 

2.666 

2.127 

1.504 

.793 

4.332 

4.201 

3 984 

3.680 

3.288 

2 808 

2.240 

1.583 

.836 

4.768 

4.624 

4.386 

4.050 

3.620 

3.093 

2.467 

1.744 

.922 

5.204 

5.048 

4.789 

4.423 

3.952 

3.379 

2.695 

1.905 

1.008 

5.642 

5.473 

5.192 

4.798 

4.286 

3.665 

2.924 

2.068 

1.094 

6.079 

5.898 

5.595 

5.171 

4.622 

3.952 

3.154 

2.232 

1.181 

6.517 

6.323 

5.999 

5.544 

4.958 

4.239 

3.385 

2 396 

1.268 

6.957 

6.751 

6.406 

5.922 

5.297 

4.530 

3.619 

2.565 

1.356 

7.398 

7.179 

6.813 

6.300 

5.637 

4.822 

3.854 

2.733 

1.445 

7.841 

7.609 

7.222 

6.679 

•5.978 

5.115 

4.090 

2.901 

1.535 

8.286 

8.041 

7.633 

7.060 

6.320 

5.410 

4.327 

3.069 

1.626 

8.731 

8.474 

8.044 

7.442 

6.663 

5.705 

4.565 

3.238 

1.718 
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37. Katie, Q, of arc to chord. Fig. 0. In any 

circular curv, 

of radius R, and sweep A, we have (see fl 28) :— 





7T R 



Eq 

(6) length, La, 

of arc, = - . A‘ 

’ ; and 



180 



E(] 

(28) long chord, 

C, = 2 R sin(A/2). 


Hence, for the ratio, Q, betw 

arc, La, and chord, C 

•, we 

have :— 


La 

7T A° 




Q — -= 



....(40) 


C 

360 sin(A/2) 






• 


where ir = 

3.14159...; 




t/360 = 

0.008 72R 047 ; < 

/X 



360/t r = 

114.5916; 

' n/* W r. 


c 

log 7T - 0.497 1400 

t 



log (tt/ 360) r 

= 7.940 8474: 


/ 

/ 

lOg(360/7T) = 

= 2.0591526. 

• A 


/ 

Hence Q is j 

i function of A- 

*' XT j > 




Fig. 9. (Repeated) 



arc 




Value* of <1 - . 





chord 



Note that Q 

— 1 increases a 

little faster than A 2 - 



A Q 

A Q 

a y 

A 

Q- 

1 1.000013 

16 1003257 

31 1.012302 

46 

1.027371 

2 1.000051 

17 1.003678 

32 1.013116 

47 

1.028598 

3 1.000115 

18 1.004124 

33 1.013957 

48 

1.029853 

4 1.000203 

19 1.004597 

34 1.014825 

49 

1.031137 

5 1.000317 

20 1005095 

35 1.015719 

50 

1.032450 

6 1.000457 

21 1.005619 

36 1.016641 

51 

1.033792 

7 1.000622 

22 1.006170 

37 1.017590 

52 

1.035163 

8 1.000813 

23 1.006746 

38 1.018566 

53 

1.036563 

9 1.001029 

24 1.007349 

39 1.019569 

54 

1.037993 

10 1.001271 

25 1.007977 

40 1.020600 

55 

1.039452 

11 1.001537 

26 1.008032 

41 1.021659 

56 

1.040941 

12 1.001830 

27 1.009313 

42 1.022745 

57 

1.042460 

13 1.002148 

28 1.010021 

43 1.023860 

58 

1.044009 

14 1.002492 

29 1.010755 

44 1.025002 

59 

1.045588 

15 1.002862 

30 1.011515 

45 1.020172 

60 

1.047198 

38. Fig 5 Y. 

Value of Q ( = 

arc/chord) In the case of the unit 

chain, c, or unit arc, a' (where sweep, A. = sharpness, D 

or D’.) 

Let 





D° = central 

angle subtended by unit chain, c. 




and by the corresponding arc, 

a; 


l)' e = central 

angle subtended by unit arc, a', 




and by the corresponding chord, c\ 


Then, from eq (40), we have, by substitution:— 




a 

V n° 




Q = — = 

— x - 




c 

360 sin (D/2) 




a ' 

v D’° 




— — — 

-X- . _ 


....(41) 


c' 

300 sin(DV2) 
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39. Approximately 


C 



La 1 
24 R- 


^ ; and c 


all -— ) -.(42) 

\ 24 R* / 


(See Rankine, Civil Engng, pl04) When A = 50®, this makes 
V only 0.031 per cent too short. 



Comparisons of Curvs. 

40. Fig 13 Comparison betw two curvs of Riven sweep, A- 
Ratios lw*tw corresponding linear functions. Let F represent a 
linear function (as the radius, R, the arc, AH (.4), the semitan, T, 
etc) of one of two given curvs of equal sweep, A. hut of different 
sharpness, I), and let F' represent the corresponding function, (as 
R’ ? A'B'(A'), T’, etc) of the other curv. Then, from similar 
triangles, we have :— 

F/F* - R/R’ = C/C = A/A' = T/T', etc; 

or F' = FR’/R = FC'/C, etc ; 

F = F'R/R' = F'C/C', etc .(43), 

Thus, let C be a unit chain of 100 ft, and let C' = 200 ft. Then, 
for instance, M ’ r= AlC'/C — 2 A1 ; R' = 2 R; etc; 

sin ( D'/2) 50 R R 

sin (D/2) “ R' 50 R' ' 

Note that, with given sweep. A. the sharper curv has the shorter 
linear functions. Compare fl 43. 
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Function* of a 1° Curv. 

40a. Figs 1 and 11. Table of Functions, (Semitangents, Tj ; 
External Distances, Ei‘, and Long Chords, Ci) ; to a*l° curv, for 
different sweeps, A- 

T i = -ftjtan(A/2); F n — R ± exsec (A/2) ; <\ = 2 7^ sin(A/2L 

For the corresponding function, F (T, E or C) of a curv 
of any other sharpness, I>% we have approximately 
F = Fi/ir. 



Diagram of Corrections 

Corrections, in feet, to be added to approximate curv functions, 
F (Semitangent, T; External Distance, E; and Long Chord, G) for 
a D° curv, as found by dividing the corresponding 1* curv function, 
F it of Table, pp 905-908, by D in degrees. 

Light solid curvs give values to be added for semitangents, T; 
Light dotted curvs give values to he added for external dists, E. 
Heavy Bolid curvs give values to be added for long chords, 0. 


FUNCTIONS OF A 1 ° CTJBV. 905 


A 

T», ft. 

E„ ft. 

Co, ft 

A 

T„ft 

ft. 

Ck ft. 

1° 

50.00 

0.218 

100.00 

11° 

551.70 

26.500 

1098.3 

10' 

58.34 

0.297 

116.67 

10' 

560.11 

27.313 

1114.9 

20 

66.67 

0.388 

133.33 

20 

568.53 

28.137 

1131.5 

30 

75.01 

0 491 

150.00 

■ffl 

576.95 

28.974 

1148.1 

40 

83.34 

0.606 

166 66 

mm 

585.36 

29.824 

1164.7 

50 

91.68 

0.733 

183.33 

mm 

593.79 

30.686 

1181.2 

2° 

100.01 

0.873 

199.99 


602.21 

31.561 

1197.8 

10' 

108 35 

1.024 

216.66 

10' 

610.64 

32.447 

1214.4 

20 

116.68 

1.188 

233 32 

20 

619.07 

33.347 

1231.0 

30 

125 02 

1.364 

249.98 

30 

627.50 

34.259 

1247.5 

40 

133.36 

1.552 

266 65 

40 

635.93 

35.183 

1264.1 

50 

141.70 

1.752 

283.31 

50 

644.37 

36.120 

1280.7 

3° 

150 04 

1.964 

299.97 

13° 

652.81 

37.069 

1297.2 

10' 

158 38 

2 188 

316.63 

10' 

661.25 

38.031 

1313.8 

mm 

166.72 

2 425 

333 29 

20 

669.70 

39.006 

1330.3 

30 

175.06 

2.674 

349.95 

30 

678.15 

39.993 

1346.9 

40 

183.40 

2 934 

366.61 

40 

686 60 

40.992 

1363.4 

50 

191.74 

3.207 

383 27 

50 

695 06 

42.004 

1380.0 

4° 

200 08 

3.492 

399 92 

14° 

703.51 

43.029 

1396.5 

10' 

208.43 

3 790 

416.58 

10' 

711.97 

44.066 

1413.1 

20 

216.77 

4.099 

433.24 

20 

720 44 

45.116 

1429.6 

30 

225.12 

4 421 

449.89 

30 

728.90 

46.178 

1446.2 

40 

233 47 

4 755 

466 54 

40 

737.37 

47.253 

1462.7 

50 

241.81 

5.100 

483.20 

50 

745.85 

48.341 

1479.2 

r*° 

250.16 

5.459 

499 85 

l.V> 

754.32 

49.441 

1495.7 

10' 

258 51 

5 829 

516 50 

10' 

762 80 

50.554 

1512.3 

JO 

266.86 

6.211 

533.15 

20 

771.29 

51.679 

1528.8 

30 

275.21 

6 606 

549.80 

Bl 

779 77 

52.818 

1545.3 

40 

283 57 

7.013 

566 44 

mi 

788 26 

53.969 

1561.8 

50 

291.92 

7.432 

583.09 

50 

796.75 

55.132 

1578.3 

0° 

300 28 

7.863 

599.73 

1«° 

805 25 

56.309 

1594.8 

10' 

308 64 

8.307 

616.38 

mm 

813 75 

57.498 

1611.3 

20 

316.99 

8.762 

633.02 

20 

822.25 

58.699 

1627.8 

30 

325.35 

9.230 

649.66 

30 

830 76 

59.914 

1644.3 

40 

333.71 

9 710 

666 30 

40 

839 27 

61 141 

1660.8 

50 

342.08 

10.202 

682.94 

50 

847.78 

62.381 

1677.3 

7° 

350.44 

10.707 

699.57 

17° 

856.30 

63.634 

1693.8 

10' 

358.81 

11.224 

716.21 

10' 

864.82 

64.900 

1710.3 

20 

367 17 

11.753 

732.84 

20 

873.35 

66.178 

1726.8 

30 

375.54 

12 294 

749.47 

30 

881 88 

67.470 

1743.2 

40 

383.91 

12.847 

766.10 

40 

890 41 

68.774 

1759.7 

50 

392.28 

13.413 

782.73 

50 

898.95 

70.091 

1776.2 

S° 

400 66 

13.991 

799.36 

Brea 

907.49 

71.421 

1792.6 

10' 

409.03 

14 582 

815 99 


916.03 

72.764 

1809.1 

20 

417.41 

15.184 

832 61 

Bujfl 

924.58 

74 119 

1825.5 

30 

425 79 

15 799 

849 23 


933.13 

75.488 

1842.0 

40 

434.17 

16.426 

865.85 

■fiia 

941.69 

76 869 

1858.4 

50 

442.55 

17.066 

882.47 

50 

950.25 

78.264 

1874.9 

9 ° 

450.93 

17.717 

899 09 

10 ° 

958.81 

79.671 

1891.3 

10' 

459 32 

18.381 

915 70 

10' 

967.38 

81 092 

1907.8 

20 

• 467 71 

19.058 

932 31 

20 

975.96 

82.525 

1924.2 

30 

476.10 

19.746 

948 92 

30 

984.53 

8.5.972 

1940.6 

40 

484 49 

20.447 

965.53 

mm 

993.12 

85.431 

1957.1 

50 

492.88 

21.161 

982 14 


1001.70 

86.904 

1973.5 

10 ° 

501.28 

21.886 

998.74 

20" 

1010.29 

88.389 

1989.9 

10' 

509 68 

22.624 

1015.35 

niufl 

1018.89 

89.888- 

2006.3 

20 

518.08 

23.375 

1031.95 

mm 

1027.49 

91.399 

2022.7 

30 

526.48 

24.138 

1048 54 


1036.09 

92.924 

2039.1 

40 

534.89 

24.913 

1065.14 

40 

1044.70 

94.462 

2055.5 

50 

543.29 

25.700 

1081.73 


1053.31 

96.013 

2071.9 

11 ° 

551.70 

26.500 

1098.33 

21 " 

1061.93 

97.577 

2088.3 
































































T„ ft. E„ ft. C,. ft. 


T„ ft. 

E„ ft. 

Cl, ft. 

2142.2 

387.38 

4013.1 

2151.7 

390.71 

4028.7 

2161.2 

394.06 

4044.3 

2170.8 

397.43 

4059.9 

2180.3 

400.82 

4075.5 

2189.9 

404.22 

4091.1 

2199.4 

407.64 

4106.6 

2209.0 

411.07 

4122.2 

2218.6 

414.52 

4137.7 

2228.1 

417.99 

4153.3 

2237.7 

421.48 

4168.8 

2247.3 

424.98 

4184.3 

2257.0 

428.50 

4199.8 

2266.6 

432.04 

4215.3 

2276 2 

435 59 

4230.8 

2285.9 

439 16 

4246 3 

2295.6 

442.75 

4261 8 

2305.2 

446.35 

4277.3 

2314.9 

449.98 

4292.7 

2324.6 

453.62 

4308.2 

2334.3 

457.27 

4323.6 

2344.1 

460.95 

4339.0 

2353.8 

464.64 

4354.5 

2363.5 

468.35 

4369.9 

2373.3 

472.08 

4385.3 

2383.1 

475.82 

4400.7 

2392.8 

479.59 

4416.1 

2402.6 

483.37 

4431.4 

2412.4 

487.16 

4446.8 

2422.3 

490.98 

4462.2 

2432.1 

494.82 

4477.5 

2441.9 

498.67 

4492.8 

2451.8 

502.54 

4508.2 

2461.7 

506.42 

4523.5 

2471.5 

510.33 

4538.8 

2481.4 

514.25 

4554.1 

2491.3 

518.20 

4569.4 

2501.2 

522.16 

4584.7 

2511.2 

526.13 

4599.9 

2521.1 

530.13 

4615.2 

2531.1 

534.15 

4630 4 

2541.0 

538.18 

4645.7 

2551.0 

542.23 

4660.9 

2561.0 

546.30 

4676.1 

2571.0 

550.39 

4691.3 

2581.0 

554.50 

4706 5 

2591.1 

558.63 

4721.7 

2601.1 

562.77 

4736.9 

2611.2 

566.94 

4752.1 

2621.2 

571.12 

4767.3 

2631.3 

575.32 

4782.4 

2641.4 

579.54 

4797.5 

2651.5 

583.78 

4812.7 

2661.6 

588.04 

4827.8 

2671.8 

592.32 

4842.9 

2681.9 

596.62' 

4858.0 

2692.1 

600.93 

4873.1 

2702.3 

605.27 

4888.2 

2712.5 

609.62 

4903.2 

2722.7 

614.00 

4918.3 

2732.9 

618.39 

4933.4 


2732.9 

618.39 

4933.4 

2743.1 

622.81 

4948.4 

2753.4 

627.24 

4963.4 

2763.7 

631.69 

4978.4 

2773.9 

636.16 

4993.4 

2784.2 

640.66 

5008.4 

2794.5 

645.17 

5023.4 

2804.9 

649.70 

5038.4 

2815.2 

654.25 

5053.4 

2825.6 

658.83 

5068.3 

2835.9 

663.42 

5083.3 

2846.3 

668.03 

5098.2 

2856.7 

672.66 

5113.1 

2867.1 

677.32 

5128.0 

2877.5 

681.99 

5142.9 

2888.0 

686.68 

5157.8 

2898 4 

691.40 

5172.7 

2908.9 

696.13 

5187.6 

2919.4 

700.89 

5202.4 

2929.9 

705.66 

5217.3 

2940.4 

710.46 

5232.1 

2951.0 

715.28 

5246.9 

2961.5 

720.11 

5261.7 

2972.1 

724.97 

5276.5 

2982.7 

729.85 

5291.3 

2993.3 

734.76 

5306.1 

3003.9 

739.68 

5320.9 

3014 5 

744.62 

5335.6 

3025.2 

749.59 

535,0.4 

3035.8 

754.57 

5365.1 

3046.5 

759.58 

5379.8 

3057.2 

764.61 

5394.5 

3067.9 

769.66 

5409.2 

3078.7 

774.73 

5423.9 

3089.4 

779.83 

5438.6 

3100.2 

784.94 

5453.3 

3110.9 

790.08 

5467.9 

3121.7 

795.24 

5482.5 

3132.6 

800.42 

5497.2 

3143.4 

805.62 

5511.8 

3154.2 

810.85 

5526.4 

3165.1 

816.10 

5541.0 

3176.0 

821.37 

5555.6 

3186.9 

826.66 

5570.2 

3197.8 

831.98 

5584.7 

3208.8 

837.31 

5599.3 

3219.7 

842.67 

5613.8 

3230.7 

848.06 

5628.3 

3241.7 

853.46 

5642.8 

3252.7 

858.89 

5657.3 

3263.7 

864.34 

5671.8 

3274.8 

869.82 

5686.3 

3285.8 

875.32 

5700.8 

3296.9 

880.84 

5715.2 

3308.0 

886.38 

5729.7, 

3319.1 

891.95 • 

5744.1 

3330.3 

897.54 

5758.5 

3341.4 

903.15 

5772.9 

3352.6 

908.79 

5787.3 

3363.8 

914.45 

5801.7 

3375.0 

920.14 

5816.0 











T* ft 

E„ ft. 

Cl, ft. 

4086.9 

1308.2 

6654.4 

4099.5 

1315.5 

6668.0 

4112.1 ' 

1322.9 

6681.6 

4124.8 

1330.3 

6695.1 

4137.4 

1337.7 

6708.6 

4150.1 

1345.1 

6722.1 

4162.8 

1352.6 

6735.6 

4175.6 

1360.1 

6749 1 

4188.4 

1367.6 

6762.5 

4201.2 

1375.2 

6776.0 

4214.0 

1382.8 

6789 4 

4226.8 

1390.4 

6802.8 

4239.7 

1398.0 

6816.3 

4252.6 

1405.7 

6829 6 

4265.6 

1413.5 

6843.0 

4278.5 

1421.2 

6856.4 

4291.5 

1429.0 

6869 7 

4304.6 

1436.8 

6883.1 

4317.6 

1444.6 

6896.4 

4330.7 

1452.5 

6909.7 

4343.8 

1460.4 

6923.0 

4356.9 

1468.4 

6936.2 

4370.1 

1476.4 

6949.5 

4383.3 

1484.4 

6962.8 

4396.5 

1492.4 

6976.0 

4409.8 

1500.5 

6989 2 

4423.1 

1508.6 

7002.4 

4436.4 

1516.7 

7015.6 

4449.7 

1524.9 

7028.8 

4463.1 

1533.1 

7041.9 

4476.5 

1541.4 

7055.0 

4489.9 

1549 7 

7068.2 

4503.4 

1558.0 

7081.3 

4516.9 

1566.3 

7094.4 

4530.4 

1574.7 

7107.5 

4544.0 

1583.1 

7120.5 

4557.6 

1591.6 

7133.6 

4571.2 

1600.1 

7146.6 

4584.8 

1608.6 

7159.6 

4598.5 

1617.1 

7172.6 

4612.2 

1625.7 

7185.6 

4626.0 

1634.4 

7198.6 

4639.8 

1643.0 

7211.6 

4653.6 

1651.7 

7224.5 

4667.4 

1660.5 

7237.4 

4681.3 

1669.2 

7250.4 

4695.2 

1678.1 

7263.3 

4709.2 

1686.9 

7276.1 

4723.2 

1695.8 

7289.0 

4737.2 

1704.7 

7301.9 

4751.2 

1713.7 

7314.7 

4765.3 

1722.7 

7327.5 

4779.4 

1731.7 

7340.3 

4793.6 

1740.8 

7353.1 

4807.7 

1749.9 

7365.9 

4822.0 

1759.0 

7378 7 

4836.2 

1768.2 

7391.4 

4850.5 

1777.4 

7404.1 

4864.8 

1786.7 

7416.8 

4879.2 

1796.0 

7429.5 

4893.6 

1805.3 

7442.2 















ENGLISH AND METRIC. 909 


41 . English & Metric. Fig 13. Comparison betw curvs in 
English and metric (or other) measures. Again, let 
C = c = a chain of n meters (A = D )• 

(7' = c’ = a chain of 100 feet (A = J*'). 



For instance, from eq (43), wo have 

R meters c meters n 

_ — - = - ; and 

IV feet c' feet 100 


c meters _ . 

It meters = R' ft —- = «' « n/100. Or, In general 

c‘ feet 

F — F' c/c' = 0.01 nF' .(44) 

Example. Let A = D = D’ = 6° ; R' = 055.300 ft (table p 886). 
Then, in a 0° metric curv (c = 20 meters; « = we have:— 

It meters — 0 01 X 20 IV = 0.2 X 055.306 = 101.073 meters. 

Similarly, any table of linear curv functions, in any unit (as in 
feet, Table p 884), may be used for a curv in any other unit, by 
multiplying the tabular values by the ratio betw the numbers ex¬ 
pressing the chain lengths of the two systems. The results (prod¬ 
ucts) will be in said other unit. 

42. Fig 13. Effect of sharpness, D, upon linear functions 

of entire curv of given sweep, A- Comparison betw 1 and u 
curvs. Ratio betw exact and approx values. 

Let (function of 1° curv) = the radius, R\, or the long chord, 
C lt or the semitan, T x , etc, for a 1° curv, of given sweep, A; and 
let Fd = the corresponding function of a D curv of the same 
sweep, A- 
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Then, where the “diminisht” chain (H 20) is used, we have, 

(D in degrees) 

D = Fj/Fa; F,i = F x /D; F x = D Fa .(45) 

But, where the full chain is used, these equations are only ap¬ 
prox. For the ratio, q, betw the true value, Fa, and the approx 
value, Fi/D, we have : R x — 50/sin 0° 30' = 5720.05; log If i -- 
3.758 1281: 

/ Fd Rd \_ 50 D sln °* 30 * 

9 \ Ft/D Ri/D / sin (D/2) 50 


sin 0° 30 


- • .(46) 


sin (D/2) 


and, since (eq 41, 1i 38) Q - 

Q _ 

a ~ 360 


X 


D 


sin (D/2) 
sin (D/2) 


; we have:- 


sin (D/2) 

7T 1 

360 * sin 0° 30' 

Log (Q/q) = 0.000 0055. 


D sin 0° 30' 

- 1.000 013 .(47) 


In other words, the value of Q ( = arc/chord), in table, J37, 
for any given value of A, may be taken as practically identical 
with the value of q [ = Fd/{Fi/D)] t for the same value of D. 



43. Figs 14a, 146. As between two curvs of equal 

La or Lc, the sharper (Fig 14a) of course has the short 
R: but it has the greater sweep. A, and the greater 
T, M, E, Mk and Y. (Compare H 40.) These values may 
by means of the equations in p 891, 34. 

44. Fig 15. Sub-chains, c», ct, Cf.* See 24. Let the curv 

begin at A, w ft beyond y , and end at B. ____ 

•Where it is necessary to distinguish betw the initial and the 
final sub-chain, we use tne subscripts, < and f, respectively. Other¬ 
wise we use the subscript, «. 


I length, 

er radius, 
values of 
be found 
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If a b = a diminished chuln = nearly 100 ft, and arr.b — 
a unit arc = 100 ft (see fi20), we have:— 
initial sub-are, .4 a = 100 — w; 


100 — to 

initial sub-angle, d< = D -; 

100 

initial sub-chain, ot = /I a = 2 It sin (di/2) = c 

Having located b, we have:— 
final sub-angle, df = b 0 B = 2 b A B ; 

dr 

final sub-arc, b B = 100 — ; 

D 

final sub-chain, Cf = bB = 2 K sin (dt/2) 

x = B z = 100 — (final sub-arc, b B) ... 


sin (dt/2) 
sin (D/2) 


. .(48) 


sin (dr/2) 

~ sin (D/2) 
.(49) 



45. Fig 15 With the full chain, (c = a 

arc, a = am b, > 100 ft) we have :— 
initial sub-chain. r< = A a = 100 ft — u>; 

for initial sub-angle; 

di c t sln(D/2) 

sin — = - = ci - . . 


2 R 


100 


b 


100 ft; unit 


(50) 


Having located b, we have, as before:— 
final sub-angle, dr — bOB = 2 6 A B; and 

sin (dr/2) 

final sub-chain, Cf = 6 B = 2ftsin(dr/2) = 100 —— ■ ; 

sin (D/2) 

but at = B z = 100 ft — final sub-chain, cr .(51) 

46. Fig 15. Approximate or “nominal’* values of and 
of d. With either full or dlmlnisht unit chain, let 

o, — the frue value of either sub-chain, as found above; 

d = the true value of the corresponding sub-angle; 

c = the full or dlminisht chain used, as the case may bq; 

Jn = od/D = the approx or “nominal” value of o»; 
dn = D ot/o = the approx or “nominal” value of d. _ 

•Where it is necessary to distinguish betw the Initial and the 
final sub-chain, we use the subscripts, i and f, respectively. Other¬ 
wise we use the subscript, «. 
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Ct On 

c» > Cn; dn > d; — = — . (52) 

Cn d 

and, for 100 ft chain or 100 ft unit arc, approx, 

c, — Cn = 8(Q - 1) .(53) 

arc 

where Q = value of- (table, fl 37) for the given value of D, 

chord 

and 8 = a coefficient as per Fig 16, below. 



Coefficient, S, for deducing true value, c», of sub-chain, from its 
‘‘nominal” value, On = cd/D. 


47. For any value, c, of the chain or unit arc other than 100 
ft, we have :— 

(> — Cn = 8 (Q — 1) c/100.(54) 

48. From fl 27, we have, approx:— 

sin 0° 1' : sin (d/2) = 1 min : d/2 in mins; or 

sub-chain 

d/2 in mins = sin (d/2) -r- 0.0002909 = 3437 -...(55) 

2 R 

49. If, in a given circular curv, the full chain and the sub-chain 
be divided into the same number of equal parts, their ordinates 
are approx as the squares of the chain lengths. 

COMPOUND CURVS 

Compare Reverse Curvs, fl fl 70, etc. 

Definitions 

50. Figs 17, 18. Compound curvs. When two consecutiv curve, 
AP and PB, of unequal radii, Rg and R,, curv in the same direc¬ 
tion (both to the right or both to the left), they are said to be 
compounded, and the entire curv, APB, is called a compound curv. 

51. Branches. The two portions, A P and P B, of the compound 
curv, are called its branches. They lie on the same side of the 
common tangent, v 0 v». Their meeting point, P, or common tangent 
point, is the point, “C. C.” of change from curv to curv. It is 
also called the “P. C. C." or point of compound curvature. See U 2. 

52. Radii. The centers, O a and 0#, of the two branches, are 
necessarily in a straight line with the P. C. C. {P) : i. e., the two 
radii, being normal to the common tangent, v 0 v$, at P. coincide in 
Oi P. At A and at B, the radii are normal respectively to the 
semitangents, AV, Y B, of the entire curv. 

53. The vertex, V, of the entire compound curv, Is usually not 
(aB it is in Fig 17) In 0 9 P produced. See H H 57 and 146. 

54. Subscripts. Rg Is the greater radius; and its sweep, semi- 
tangent, etc., are lettered A i (or simply g), T 0 , etc., respectlvly; 
and similarly for the shorter radius, with its sweep, A*, (or a), 
semitangent, Tt t etc. 
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55. The semitnngents of the entire compound cure, APB, are 
T a and T »,perpendicular respectivly, at A and at B, or vice versa, 
to the radii, R g and R». The semitangents of the two branches, 
respectivly, are t 0 = v a P, and t» = P v*. 



Fie. 17. 


57. Fig 17. In the special case where the vertex, V, lies in the 
common radial line, Og P, produced, we have 

V P =z Rg exsec g — R» exsec ft. 


R» exsec g cos s 1 — cos g 

Hence, in this special case, we have & > g, or the shorter 
radius, R„, has the greater sweep, s, and vice versa. 

In this case, also, we have •— 

To = Rot&ng; T, = R„ tana; 

To tan (|7/2) = TV tan V B T = Tg tan B'V B 

= B'B = V P = A'A 
= Tt tan(s/2) ; or 


T* tan (g/2) 

Sweeps, &t, A*, A. 

58. Figs 18. The sweeps, Ap (or g) and A* (or s') of the two 
branches, may be equal or unequal; and, in general, either may be 
the greater; but see the special case of 57. 

Since both branches curv in the «ame direction (right or left) 

we have, for the sweep, A, of the entire compound curv, APB •_’ 

A = 0 + s; g = A - a; s = A - g ..(58) 
See also eq (60). ' 


34 
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In Fig 18a 

In Fig 18b 

Draw Puto 1 0$ B. Then sin s 

Draw Pmo 1 Og A. Then sin g 


P to P u uiv P w —P u 

Rg lit Og ()t Rg — R» 


59. Angles, A and B. Let TAB = A; V B A = B. Then: 
A ( = 189° — A V B) = A + B; A = A - B; 

B = A - A... (60) 

See also eq (58). 



60. Angles V A P and V B P. 

VAP = fr P = i.+ ,>/* = 

- = s/2 - g/2 = (s - 


V BP + 


g )/2 = A/2 - g- (61) 


61. Long chord, Cdeita = A B. See also f 64. 

In Fig 18a ^ 

In Fig 18b 

Draw A fc 1 B V. Then 

| Draw B it 1 A 7. Then 

A * = Ot. ii. sin B = T, sin A 

j Bit = Cr.it. sin A = T. sin A 


= TjRlnA/sJnR = Ts sin A/sln A ....(62) 
See also eqs (66) and (67) 


and Cielta 
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Fig. 18a. 


Fig 186. 


62. Produce brunch A P 
to n. making 

Ogti || 0»B. Then P, B and n 


Produce branch D P 
to n, making 

0*n || O a A. Then P, n and A 


arc in a straight line. 


Anffle, U/2. 


Join An, and draw nVg \\ B T. Join Bn, and draw nV» || A V. 
Draw Bb \\ An. I Draw A a || B n. 

U-t B 4 n { = A Bb) — U/2. i Let A B n ( = B An) — U/2. 


Then A = A/2 - 

B = A/2 + 
Adding, we have A -f B 
Subtracting, we have 
B - A = u; B = 


U/2 
= A, 

A + 


U = A - 2i = 


= (A - U)/ 2 
= ( A + U)/2 

as in eq (GO) ; 


V; A - B - 
2B - A . 


(S3) 

U; 

(64) 



6S. Then 


In Fig 18a 


Os Fcr, 1 An, bisects An; 
A Of n = A; and 


In Fig 186 


0* Y», 1 B n, bisects B n; 
B Os n = A 5 and 
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04. Long chord, Ca«iia — All. Sec also ^61. 

FJjr. J&j. Fix. 18b. 


Draw V a and B at | Og Vg 1 A n. j Draw V a and A a’ || 0$ V, 1 B n. 
Then Cdeitu sin (U/2) =z B a' I Then ^ delta sIn (*V2) = A o' 


Hence 


= r» — vi 
= To sin( A/-) - T,td n(A/2) 

= (IV - I 1 ,) sin( A/2). 

sin( A/2) 

CV«i*« = (IV - IV) . .(66) 

sin( U/2) 


See also eqs (02j and (07). 


We have, also 




Cdella = VA/C* + Ilk- — 

V (T, sin A) 2 + ( T. - T, oosAt i J 

Cd.Ua = ^BV + Ak= = 

\{' 1 \ sinA)“+ ('I'll — T ■ cosAt) 1 
....(07) 

See also eqs (62) and (60). 

65. Semitnngents, IV and IV. Draw «£P|| = 0g0» = Rg — Rt, 

meeting 0» B produced, in x 

Then B xn = #. 

Draw n r and A m || B V ± Os x. 
Then Ale = IV sin A 
= run — hn 
r= run — Br 

— Rg vers A— (Re —* R«) vers # 

meeting Og .1 in x. 

Then /Ij» — g. 

Draw n r and Bn t || A V l Og x. 
Then B k = IV sin A 
= mn -f hn 
= mn 4- Ar 

= R» vers A + (R» — ) vers p 

.(68) 

66. Branch nemltnngents, tg and t»; and common tangent, 
Vg Vt. 

tg VgP) = ligtO.TL(g/2) 

tt ( — Vt P) — Rt tan (s/2) 

Common tangent, v g Vt, = tg + tt . (69) 

Bn = 2 (II, - Ki) sln(»/2). 

J n = 2(12*7 — ) sin (p/2) 

. (70) 


67. Figs 18a, 18b. Eqs (58) and (68) enable us to find required 
elements of compound cures, other elements being given. See ex¬ 
amples, below. 


ExampleK. 


Given 

Required elements indicated by bold type 

Rg Rt Q 8 

A is given immediately by Eq l 
Tg and T* by Eq 4G8) 

[58) and 

Rt Tt & 8 

g rr A ““ 8 > eq (58) 

R g vers g = Tt sin A .+ vers g — Rt vers A - • (71) 
Tg sin A = Rg vers A — (Re — R») vers • (72) 


t See 1 69. 
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Bo To A 9 

s = a — 9, eq (58) 

R« vers s — R g vers a + Tg sinA — Ro vers A ... (73) 
T* sin A “ R“ vers A 4* (Ro — R >) versp.(74) 

Rg R, T„ A 

(Rg — R») vers a = Rg vers A — 7V sin A ..(75) 
g = A — a, eq (58) 

T, = Rg sin A ~ (Rg- Rt) sin s - Tg cos A* ... (76) 

Rt Tg T. A 

Tan (k/2) x (I, + T« cos A* — E» sin A) 

- T. sin A - E. ver. A . (77) 

a = A “ Or eq (58) 

Us sin g = Rt sin g -+■ Tg + Tt cos A* — R> sin A - (78) 

Rg Tg Tt A 

Tan (»/2) X (Ro sin A — To cos A* — 7 1 *) 

= Covers A — Tit sin A . (79) 

g = A — eq (58) 

R* sin 8 = Rg sin « — Rg sin A + Tg cos A* + Tt . (80) 


68. Figs 18. Given angles, A and B, long chord C d«u« = A B, 
and either Rg or Rt, to find g, s and the other radius. Find 
A = A + B; To and T$ by eq (62). 



Then, having Rg (or Rt), T 0 , T « and A* find 0, s and Rt (or Rg) 
by eqs (77) to (80). 

69. Angles over 00 °. When, owing to the considerable sweep of 
the curv, or to other causes, any of the angles involvd exceeds 90°, 
attention must be given to the fact that the algebraic signs 
( -|- and — ) vary with the several quadrants of the circle. See 
‘Tositiv and negativ signs”, p 97a. 


Thus, Fig 19 


In quadrunt 

I 

II 

III 

IV 

Including angles from 

0° to 

90° 

90° to 
180° 

180° to 
270° 

270° to 
360° 

Sine and cosecant are 
Tangent and cotangent are 
Secant and cosine are 

plus 

plus 

plus 

plus 

minus 

minus 

minus 

plus 

minus 

minus 

minus 

plus 

•In our Figs 18, A > 
See fl 69. 

90°, and 

cos A 

is therefore 

negativ. 
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REVERSE CURVS 
Definitions 

70. Figs 20-23. Compare Compound Curvs, fl II 30-69. When two 
consecutiv circular curvs, .4. 7* and 7' B, of equal or of unequal 
radii, Ra and Rb, curv in opposit directions (either one to the 
right, and the other one to the left) they are said to he reverst, 
and the combination Is called a reverse curv. Reverse curvs are 
sometimes unavoidable, as in some crossovers and turnouts; but 
elsewhere they should be avoided. 

71. The two brunches, A V and l l It, lie on op posit sides of the 
common tangent, Va Vb. Their meeting point, P, oy the common 
tangent point, is the point, **C C." of change from curv to curv; 
or point of reverse curvature, *T. R. C.” See fl 2. 

72. The centers, Oa and Ob, of the two branches, are necessarily 
in a straight line with the C. C. (7*), the two radii being normal 
to the common tangent, VaVi>, at P. At A and at B, the radii are 
normal respectivly to the tangents, A V, V B, of the entire curv. 
The vertex, V, is on the side of tlu: greater sweep. 

73. The Memitung;entN of the entire reverse curv are Ta = A V 
and Tb = B l\ See fl 77 The semitangents of the two branches, 
respectivly, are t a = Va P = VaA, and tb = viP — vtB. Common 
tangent, Va Vb =■ t a + tb. 




74. Figs 29. 

Fig 20u. If V coincides with A, we have 

Ta ( = A\) = 0, and Tb ( ~ VB) 

Fig 20b. If V coincides with B, we have 

Tb (= BY) = 0, and Ta (= VA) 


A B. 
A B. 
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75. The sweeps. A" and A» (or, simply, a and b) of the two 
branches, may be equal or unequal, and either may be the greater. 

7(1. Since the two branches deflect in oppoait directions, the 
resultant deflection. A* due to the reverse eurv as a whole, is 

A = differ cnee between a and b .(81) 



77. Fig 21. When the tangents are parallel, we have nab, 
and A ( = « — &) = 0- Then Ta( - A V) and Tb( = B V) are 
inlinit, there being no vertex, V. See 7S>. 

Also, P is in the line A B. 


Equation* 

78. Figs 22 and 23. Semhangents, A Va and n» B, non parallel. 
The I*. It. C (P) is not in A />*. 


Radii unequal. Figs 22. 

Radii equal. Figs 23. 

Ra = Rb — R 

From the semi tan, A iat .1, lay off X 1 1) — Z /> .1 ~ A/2. 

Measure chord 

Measure chord 

AD ~ 2 Ua SiiK A/2) 

.1 /) = 2 R sin (A/2). 

Then D is a point in the eurv 

A P (produced, Figs 22b, 23b). 

Draw Oa /) j! Ot> B Then .1 On D 

1 = A- Thru D , draw tangent. 

ZS || B V, and distant D It' - 

11', from B 1 From D lay off 

are I) P ( D On P = hi, locating P 


Measure the chords. 

Measure (he chords. 

It P and Pit. Then 

D P ~ V B. Then 

I)B = DP + PB 

1)B = DP + P B 

= 2 DP = ‘IP B 

= ir/alu(6/2) 

= TT/sin(b/2) 

= 2 (Ita + Rb) sin(b/2) 

= 4 R sin 1 1/2) = 2 J WK 

....(82) 

.... (82') 

Rb = RaPB/DP 

R - Ra - Rb 

DB 

DP PB 



2 sin(b/2) 

2 sin(b/2) 2sin(b/2) 

.... (S3') 

Common tangent, 

Common tangent, 

Un Vb — ta 

1 Va Vb = ta A- tb 

a b 

i / a 6 \ 

= Ra tan - \- Rb tan — 

= R tan - \- tan — ) 

2 2 

V 2 2 / 

....(84) 

oo 


(85) 


Si uDBvb = sin{b/2) = W/D B 
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Fig. 21 (Repented.) 


78. Fig. 21. Semitangentn, Ava, VbB, 
parallel. 

A B intersects the common tangent, Va Vb, in 
the C. C. (R). a — b; A = a, — b (or 6 — 
a) = 0: Ta and Tb infinit; BAv a = ABvb 

= o/2 = 6/2. 


Radii unequnl, Fig 21. 

TF = (Ro + Ri>) vers a 
— (Ra + Rb) vers 6 
= A B sin (a/2) 

= A B sin(6/2) (80) 

AP 

= 2RttSin(o/2) 

= 2 RaW/A B .(87) 

PB = 2 Rb sin (6/2) 

= 2RbW/AB .(88) 

AB = 1P + PB 

= 2 (Ra + Rt) si n (n/2) 

= «J2 W (Ra -f Rb) .. (85)) 


| Rndil equal, Ro, — Rb = R. 


IF =2 R vers a 

— 2 R vers 6 

= A B sin (o/2) 

= A B sin (6/2) .(80') 

AP - P B - A B/2 
= 2 R sin (a/2) 

= 2 RXV/AB .(87') 

- 2 R sin (6/2) 

= 2RW/AB .( 88 ') 


■ AB = 2 AP = 2 PR 
= 4Rsin(a/2) 

; = YTwr = 2 FiFr 

....( 80 ') 

i R = A B 1 / 4 IF.(00) 



For instance:— 












KliVEKSE CUBV EQUATIONS. 


921 


Ra Rb Ta A 


Required quantities indicated by bold type 

In all eases, A=a-borb-a. 

Ra vers A + Ta sin A . 

verM b =..(01) 

(Ra -j" Rb) 

Tb =: Ta cos A + sin A ± ( R <* + R*>) sin b ... (92^ 


Ra Rb Tb A 


Rb vers A + Tb sin A 


• (93) 


(Ra Rb) 

Ta = Tb cos A + Rf> sin A ± (®« + #&) sin a ... (94) 




CURV LOCATION. 

81. Fig 24. By Peripheral or Deflection Angles. See ff 4, Ac. 

Example. Instrument at the T.C. (4), or at the C.T. (B). 

(For other points, see If 84 &c.) 
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(1) 1 1 the chaining begin** at A. 







•Sighting from either end of the curv, to the other end, where 
the chaining begins, the desired point is located by the intersection 
of the line of sight with the tan, HV or AV. 

tThe chains given, ci, c, etc, refer to their several chain angles, 
VAa, aAb, bAc, etc. The total angle, VAc, for instance, tenuirea 
chains c» + c +• c. 
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Moving the Internment. Tranwit Points.* 

83. Fig 24. When the sum, V A d, of the angles, laid off from 
the tangent with the inst at one point, as .4, exceeds say 15° or 
20°, then, with the rear end of the chain held at the last preced¬ 
ing sta, as c, the free end of the chain may deviate materially from 
its correct position, at d, without detection by the transitman ; and 
this difficulty is increast by the inereast length of sight. 

84. In this case, or when an obstacle prevents the laying-off of 
the next angle, the instrument is moved to another point (“transit 
point"*), on the curv, and the work is continued thence. 

85. Liability to error is much reduced by pursuing, thruout, a 
systematic method of proceduie, as below. 



Figs 2. r ». Example. In the 20° curv, A I* li, let three stations, 
Nos. 31, 32 and 33 (P), be set from the T.C. (.4, sta 30 -f 40) ; 
then three stations. Nos. 34, 35 and 35 + 70 (P), from P; and 
then let the final tangent, Bz, be located from the C.T. (B, sta 
35 + 70). 

The circles, at A, at P and at B, in each Fig, show the orienta¬ 
tion of the inst, the angles turnd and the resulting vernier read¬ 
ings. 

In each of the three Figs (see Figs 25, I) let 
angle tAP = 0.0 X 10° + 10® + 10° = 26° ; 
u P B ~ 10° + 10° + 0.7X10° = 27°. 


♦Such points are often called “turning points," but this is liable 
to confusion with the “turning points" used in leveling. 
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Three methods of procedure are in common use in connection 
with the removal of the transit to a new inst point. These may 
be called:— 

I. Searles. See "Field Engineering.” pp 53. 57, etc. 

II. Sliunk. See "The Field Engineer,” pp (5(5, etc.* 

III. Smith. See Eng News, 187(5 Aug 2(5, p 277, reprinted 1888 

Sep 20, p 245 ;* also Cross’s “Engineer’s Field Book,” pp 50 etc. 

Method I (Searles) is sufficiently described in the first of the 
three sections of the coraparativ table in fi 80. 

Method II (Shunk) may be made clearer by the following ap¬ 
plication of it to the same case See Figs 25, II. Here all the 
angles are to the right (R) of zero. , 


Inst at 

A 

P 

B 

Sight to 




old point, 

t 

A 

P 

Vernier ) 


{ tAP — ) 

( 2 tAP + uPB ) 

read’g on > 

0° 

t,>A = f 

^ = 52" + 27" [ 

old point, 1 


( 2fi 0 ) 

1 = 79" S 



\APt = ) 

( PBu - ) 

Add 

0° 

\tAPz=\ 

1 uPB = > 



(26° \ 

) 27° ) 

Sight to tan, 

At 

tu 

uz 



( tAP + APt \ 

[ 79° + 27° = • 

Vernier 1 

; 

1 = 2 tA P - 0° l 

J2 X 79° - 2 tAP 

reading > 

o* : 

\ = 2 X 26° - 0° ( 

\ — 158° - 52° 

on tan, ) 


{= 52° ; 

1= 100° 

Add 

tAP = 26° 

uPB = 27° 


Sight to 




new point, 

P 

B 


Vernier | ( 

tAP = ) 

( 2 tA P -f uPB ) 


read’g on W 

0° + 26° 

■ = r. 2 ” + 2T l 


new point, 1 ( 

= 20° I 

( = 79° i 


Move to 




new point, 

P 

B 



After removing the instrument from an old point, p (not shown), 
to a new point, p', the vernier reading, C, which will place the 
telescope in the new tangent, is determind thus:—Let 

A = vernier reading on sighting new point, p', from p ; 

B = vernier reading on sighting along old tangent, at p; 

0 — vernier reading on sighting along new tangent, at p'. 

Then, 

G = 2 A ~ B. 

Method ill (Smith) is described in fl fl 89 to 91. 

86. The following table outlines the method of procedure by the 
three methods respectlvly. 

U. M. = upper motion of transit, L. M. = lower motion of transit. 
R — right; L = left 


•In his 9th edition, 1890, Mr. Shunk described the "Smith” 
method (III), accrediting it to Mr. Robert Burgess, C.E., who 
described it in Eng News, 1888 Sep 22. 

fFor the sake of uniformity, we here assume that, in using 
method III (Smith), we move the Inst either to P or to B, ana 
that, after so moving, we sight to the same stations (A and P, 
respectlvly) as in methods I and II; but, in fact, with method III, 
the condition, described In fl 90, will obtain, no matter to what 
station we remove, or to what station we sight from it. See 91. 




♦See t loot-note, p. 924. 
tSee U 89 to 91. 
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87. Fig 25. It will be noticed that, when the vernier la at lero, 


the telescope in _ 


in the tangent thru the point occupied; 
parallel with the original tangent, A t; 
sighting back to A, whose recorded angle (fl 89) is 
zero. _ 


When the inst is at A, these three collimation lines 
coincide. _ 


88. For Figs 25. the vernier readings, by the ‘three methods 



| Method 

I 

II 

III 

Sea rles 

Shurik 

Smith* 

Vern’r readings. R = right; L = left. 

0° 

0® 

0° 

6° R 

0° R 

mis 

16“ R 

16“ R 

16° R 

26° R 

26* R 

2G° R 

53° R 

53° R 

63° R 

20° L 

26® R 

0® 

0° 

52® R 

26“ R 

10° R 

02° R 

86° R 

20° R 

72° R 

46° R 

27° R 

79® R 

53° R 

53® L 

53® R 

0° 

27* L 

79° R 

26“ R 

0“ 

106® R 

53° R 


From sta 30 + 40 (.4) 

to sta 30 + 40 (A) (tan) 
to sta 31 
to sta 32 
to sta 33 (P) 
to sta 35 + 70 (B) 

From sta 33 (P) 

to sta 30 4- 40(A) 
to sta 33 (P) (tan) 
to sta 34 
to sta 35 
to sta 35 + 70 
From sta 35 -f 70 (B) 
to sta 30 + 40 (A) 
to sta 33 (P) 
to sta 35 + 70 (B) (tan) 


89. In Method III (Smith), Figs 25, III, before beginning to 
run the curv, calculate, and enter in the field book (as in last 
column of table, H88), opposite each sta (us 30 -f 40, 31, etc), 
and opp any other points, in the curv, which, for any reason, it 
may be thought desirable to locate, the total angle (us t At = 0°, 
t A 31, tAP, tAB, etc), betw the original tangent, At, and the 
chord, A-31, A-P, A-B, etc) from A to such sta, aa tho each of the 
points, thruout the entire curv, were to he located from the point 
of ourv, A. 

90. Then, after setting up at any point whatever in the curv, 

set the vernier to the angle so recorded in the field book opp any 
other convenient point, x, in the curv, and sight to x, thus orient¬ 
ing the inst. Then, if the vernier be set, by the upper motion, to 
the reading recorded, as above, opp any other point, y, in the 
curv, the inst will be sighted at y. With the vernier at the angle 
recorded opp the point occupied, the inst is in the tan thru that 
point. _ 

•For the sake of uniformity, we here assume that, in using 
method III (Smith), we move the inst either to P or to B, and 
that after so moving, we sight to the same stations (A and P, 
respectivly) as in methods I and II; but. in fact, with method III, 
the condition, described in H 90. will obtain no matter to what 
station we remove, or to what station we sight from it. See ff 91. 
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91. If the sharpness of the curv is exprest in a whole number of 
decrees, if the curv begins with a sub-chain, and if many stations 
are to be set, it may be worth while to make an arbitrary addi¬ 
tion to each angle, so as to give, to the full stations, angles 
exprest in a whole number of degrees (or in degs and half degs) ; 
thus simplifying the calculations.! For instance, in a 3° curv, if 
the actual angles be as in line t, below, we may add 0° 18' to each 
angle, making them read as in line It, 

Station 30+ 20 (A) 31 32 33 34 34 + 40 (B) 

A 0° 1° 12' 2° 42' 4° 12' 5° 42' 6° 18' 

B 0° 18' l 8 30' 3° 0' 4° 30' 6° 0' 0° 36' 



Miscellaneous Methods. 

92. Locating a curv without a trnnsit. Fig 26. Let ab, be, 

be chains; ab = be = c: let at and b n be tangents at a and 
at b, respectively. Produce chord ab to f, and make at = b f = 
a b = c . Then :— 

c c 5 

t b = 2 c sin (D/4) ; f c = 2 c sin(D/2) = 2 c- = — ... (95) 

2 R R 


fT. Appleton. Assn Engng Socs, Jour, March 1888. 




928 


RAILROADS. 


93. The dists, tb and f c, may be used for locating a curv with¬ 
out a transit. Thus:— 

(1) Having laid off a t ( = c) along the tangent, at, to locate 

6/ from a, lay off ah ( = c) to meet tb laid off from f. 

(2) Having laid off bf ( = c) along the chord ab produced, 

to locate o; from b, lay off b c ( = c) to meet f p laid off from f. 

(3) Having laid off ce ( = c) along the chord be produced, 

to find the tangent, ct', at c; from c, lay off c t f ( =c) to meet 
e t’ ( = tb) laid off from e 



94. For the sub-chaius, A a = ct,' and C B = Cf, nub-angles, 

di and df, etc, we have the following equations.— 


Distances 

a' a = 2 a sin(di/4) 

B b’ — 2 cr sin(dr/4) 

Ah = 2 a sin (A a h/2) 
B e' = 2 Ct sin (B c c'/2) 


Angles 

Approximate 

Ci 

sin(di/2) =- 

2 R 

a 2 

a' a — t b -.. 

c 5 

(901 

8in(df/2) =- 

211 

Cf 3 

Bb' — e V -.. 

c 2 

(07) 

D di 

A ah = -( — 

2 2 

Ci 

di = D —_ 

c 

(98) 

D d f 

B G c' =-1- 

o 2 

Cf 

dt = D — - 

c 

(09) 


A a' b' e' t 



95. By Offsets from Tangent, A t. Fig 27. Let R = radius; 
o = chain length, A a, ab, etc; Cb, Ce, C<t, etc = long chord 
Ab, A c, A d, etc, from A to 2d, 3d, 4th, etc station : Mb, Me, Ma, 
etc = mid ord for Cb, Oe, Oa, etc; D/2 = fl'A a; 3 D/2 = b"ab; 
5D/2 = c"b c, etc. Then 
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Distances on tangent 

A a’ = c cos (D/2) 

= R sin D . 

Ab' = c [cos(D/2) + cos(3 D/2) ] 

= It sin (2D) . 

Ac’ — c [cos(D/2) + cos(3 D/2) -f cos(5 D/2)] 
— R sin (3 D) . 


Cb /2 ....(100) 
Cd/2 ....(101) 
Ci /2 .... ( 102 ) 


Offsets from tangent 


o'a = c sin (D/2) = o 5 /(2 R) = R vers D = Mb 
b' b = c lsin(D/2> 4 sin(3 D/2)) 

= Ci, sin b’ A b — (.4 sin D — (Cb)-/(2R) 

— R vers 2 D = Md . 


c’c = c [sin(D/2) + sin(3 D/2) + sin <5 l>/2)] 
- C c sin (3 l>/2 1 = (Cc)*/{2 R) 

— R vers 3D = Mt . 

Thus, let c = J00 ft ; D — 12°. Then 


(100a) 

(101a) 

(102a) 


For dist A o', on tan | For offset, c' c from tan 


cos (D/2) = cos 0° 

cos(3/>/2) = cos IS® 
cos(5D/2) = cos 30 ‘ 


= 0 09452 
= 0.05100 
= 0 80003 


sin (D/2) 
sin (3D/2) 
sin(5D/2) 


~ sin G° 
^ sin 18° 
= sin 30° 


= 0.10453 
= 0.30902 
= 0.50000 


Sum of cosines = 2 81101 
Ac' = 2.81101O = 281.16 ft 


Sum of sines = 0.01355 
o' c = 0.91355c = 91.355 ft 


96. First, from .4, line in the points, o', 6\ c , etc., in the tan¬ 
gent, .4 t. Then, from o'. O', f", etc., lay off o’ a, b' b, c c, etc., nor¬ 
mal to A t; or lay off o'a, b'b, etc, at random, to intersect A a, 
ab. be, etc., each — c 

97. If, as usual, the curv begins or ends with a sub-chain, It 
may he preferable to divide the curv (sweep = A) loto a conveni¬ 
ent number, n, of equal parts, each — A/'*, au( l substitute A/w- for 
D, and 2 R sin(A/2«) for <\ etc 

As the work proceeds, and the angles abb , bcc , etc., become 
more acute, the work becomes less accurate. 



Fig. 28. 



98. In Fig 28, the dint*, a a', b V, etc., are in line with the 

radii at a, at b, etc. Here:— 

A o' = R tan D; Ab’ — R tan 2D; A & — R tan 3 D, etc. (103) 
a a’ = R exsec D; b V = R exsec 2D; cc’ = R exsec 3 D, etc. (104) 
From A, line in a', bo’, etc. From A and from o', simultane¬ 
ously, lay off c and o'o, respectivlv, locating a. Then, from a and 
from r b' respectively, lay off, simultaneously, c and b' b, locating 6; 
and so on. See tf 97. 
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93. The dists, tb and f c, may be used for locating a curv with¬ 
out a transit. Thus:— 

(1) Having laid off a t ( = c) along the tangent, at, to locate 

6/ from a, lay off ah ( = c) to meet tb laid off from f. 

(2) Having laid off bf ( = c) along the chord ab produced, 

to locate o; from b, lay off b c ( = c) to meet f p laid off from f. 

(3) Having laid off ce ( = c) along the chord be produced, 

to find the tangent, ct', at c; from c, lay off c t f ( =c) to meet 
e t’ ( = tb) laid off from e 



94. For the sub-chaius, A a = ct,' and C B = Cf, nub-angles, 

di and df, etc, we have the following equations.— 


Distances 

a' a = 2 a sin(di/4) 

B b’ — 2 cr sin(dr/4) 

Ah = 2 a sin (A a h/2) 
B e' = 2 Ct sin (B c c'/2) 


Angles 

Approximate 

Ci 

sin(di/2) =- 

2 R 

a 2 

a' a — t b -.. 

c 5 

(901 

8in(df/2) =- 

211 

Cf 3 

Bb' — e V -.. 

c 2 

(07) 

D di 

A ah = -( — 

2 2 

Ci 

di = D — _ 

c 

(98) 

D d f 

B G c' =-1- 

o 2 

Cf 

dt = D — - 

c 

(09) 


A a' b' e' t 



95. By Offsets from Tangent, A t. Fig 27. Let R = radius; 
o = chain length, A a, ab, etc; Cb, Ce, C<t, etc = long chord 
Ab, A c, A d, etc, from A to 2d, 3d, 4th, etc station : Mb, Me, Ma, 
etc = mid ord for Cb, Oe, Oa, etc; D/2 = fl'A a; 3 D/2 = b"ab; 
5D/2 = c"b c, etc. Then 
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Similarly, for the ordinates, a' a, b' b, c r c, etc., we have: 

A - «fi 

a' a = Ci sin — -— ; 


A - 2 rfi - D 

b" b = e sin— — —-; 

A — 2 rt i — 3 /) 

r" p " o sin--; etc., and 


b = a' a + .b" b; o' c — b' b + r" c, etc. 


.(1001 


102 . 

4 Pit, 


Pis 32 To eliminate sub-chain* (see fi 97), let the curv, 
be divided into a convenient number of equal arcs; and let 


Or = the chord. A a — ab, etc, subtending one of these arcs; 
D r ' ' * 


c, c\ 


etc 

=r the long chords, A li 

, ah, 

Af, 3i', 

if" 

, etc 

= the mid ords. 

EP, E 

' P, E‘ 






of <7,C 

Then, 











Ahsi 

flssas 


C /2 

= 

A E 

— 

ft sin (A/2) ; 



C'/2 

— 

a E' 

— 

ft sin (A/2 - 

- 7M ; 


(7"/2 

= 

b ft' 

' = 

ft sin (A/2 - 

- 2 Dr 

1 ; etc. 

A u' 


= 

r;/2 

— 0'/2 = 

Ct cos 

a A a' 

a' b' = 

: a 

b" - 

c/ 2 

— C”/2 = 

Cr COS 

■b a b" 

b' c' = 

: b 

o" = 

C"/2 

— C'"/2 = 

Ce COS 

o b c" 

etc; 

and 






A-De 

2 

A-ZD* 
2 

A - 5 7), 


A b' = Aa' + a' b' ; 

Ac ' = A b' + b'o'; etc ...(110) 

64 
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M = E P 
M' = E' P 
M" = E" P 


Ordinates 


R vers (A/2) ; 

R vers (A/2 — De) ; 

R\ crs(A/2 — 2 D« ) ; etc. 



Fig. 32. 


o' a = M — M’ 

A — Be 

= Ct sin- 


b" b tz 

AT - JU" 

"7 

< 

a 

' II 


o" c = 

M" - M"’ 

2 

A - 5 De 

= Cc sin- 

; etc; and 

&'& = a' a -f b" b 

C’ C = b' b + c " c 

t3 

i> 

■N 

I i 

II II 


b 



Fig. 33. 


103. By Means of Two Transit*, without Linear Men*ure- 
ment. Fig 33. Useful where chaining is difficult or impracticable, 
as in swamps, etc. 

Given, any two stations, A and It, each visible from the other; 

From each of the two stations, A and ii, sight to the other, and 
lay off the angles found, as below, locating the points, a, b, etc., 
by means of the intersections of the lines of sight. 

Thus, let ab, be, be chains ; A a, cB, sub-chains. Then, to locate 
the point b, at the intersection of A h and B b ; we have :— 

• b A B — b 0 /i/2 = (/) + d f )/2 ; 

bB A = b OA/2 = (D + rf<)/2. (112) 

Similarly, for point c (intersection of Ac and Be,) we have:— 
c A B = cOB/2 = df/2 ; 

cBl = cOA/2 = (2D-M0/2 (112'> 
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104. By Long Chords from the Instrument. Fig 34. 

Let flb = Sc = c = 1 chain; A a = a = initial sub-chain; 
c B = or — final sub-chain. 

Then, in Fig 34 ; 

tAa = di/2; A a = 2 R sin t A a; 

tAb = (di + l))/2; Ab = 2 72 sin tAb ; 

tAc — (dt + 2D)/2; Ac = 2 R slut Ac; 

tAB = (di + 2D + d f )/2 = A/2; AB = 212 slut A Zi. .(113) 



105. Platting: Auxiliaries. The location of curvs upon the 
map is greatly facilitated by the use of templets, to the proper 
scale. 

100 . Wm. F. Shank’s transparent curv protractor shows a num¬ 
ber of curvs to a scale of 1 inch = 400ft 

107. In Eng News 1002 Jun 10, pp 500-301, Ohas H. Qnimby .Tr. 
suggests a “curve projector and scale” (patent applied for), which 
is a transparent curv protractor in which each curv is punctured 
at each 100 ft of its length, by scale, in order that, with a pointed 
instrument, corresponding points may be markt upon the map 
beneath. 

108. Ordinates. On sharp curvs, additional points, intermedi¬ 
ate of stations, may be located by means of ordinates to a chord 
joining two consecu’tiv stas. Usually a twine is stretched between 
the two conseeutiv stas, and the ordinates are measured, as nearly 
as may be at right angles to this, by means of a graduated rod or 
tape. The points, along the twine, from which ordinates are to be 
measd (especially the middle point and the two points midway 
between this and the ends), are distinguisht by knots or otherwise. 

109. The permissible dist apart of tbe ordinates of course depends 
upon the character of the work and upon the sharpness of the 
curv. For guiding the earthwork, 50 ft is short enough, or 25 ft for 
radii less than 1000 ft. For tracklaying, the dist may range from 
25 ft on easy curvs, to 10 ft or even 5 ft on the sharpest. 

See eqs (32) and (34) to (30 1 , and table of ordinates, pp 898-901. 

OBSTACLES. 

Methods, other than those here suggested, may be devised to 
suit these and other cases. 

110. Line of slRht obstructed. The following suggestions refer 
to cases arising in the usual method of location by peripheral 
angles, fl| 81, etc.; but the difficulty may sometimes be avoided by 
abandoning that method and using instead one or other of the loca¬ 
tion methods mentiond in flU 92-104. See also under Surveying, 
p 281, 5th “hint.” 
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M = E P 
M' = E' P 
M" = E" P 


Ordinates 


R vers (A/2) ; 

R vers (A/2 — De) ; 

R\ crs(A/2 — 2 D« ) ; etc. 



Fig. 32. 


o' a = M — M’ 

A — Be 

= Ct sin- 


b" b tz 

AT - JU" 

"7 

< 

a 

' II 


o" c = 

M" - M"’ 

2 

A - 5 De 

= Cc sin- 

; etc; and 

&'& = a' a -f b" b 

C’ C = b' b + c " c 

t3 

i> 

■N 

I i 

II II 


b 



Fig. 33. 


103. By Means of Two Transit*, without Linear Men*ure- 
ment. Fig 33. Useful where chaining is difficult or impracticable, 
as in swamps, etc. 

Given, any two stations, A and It, each visible from the other; 

From each of the two stations, A and ii, sight to the other, and 
lay off the angles found, as below, locating the points, a, b, etc., 
by means of the intersections of the lines of sight. 

Thus, let ab, be, be chains ; A a, cB, sub-chains. Then, to locate 
the point b, at the intersection of A h and B b ; we have :— 

• b A B — b 0 /i/2 = (/) + d f )/2 ; 

bB A = b OA/2 = (D + rf<)/2. (112) 

Similarly, for point c (intersection of Ac and Be,) we have:— 
c A B = cOB/2 = df/2 ; 

cBl = cOA/2 = (2D-M0/2 (112'> 
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Position of a required point inaccessible. 

115. Vertex, V, inaccessible. Fig 37. Given A and R or D. 

Required the curve points, A, B. Measure the dist, ab, betw any 
two accessible points on the two tans respertivly. Measure the 
angles zb a and y ab, and find 7 b a ( = 180 8 — zb a) and V ab 
(= 180 8 - yab). Then 7ba -f V ab ( = 180° - aVb\ 
= A; or a V b = 180° - A- 



Find V a = ab stn 7 b n/sin AI 
and Vb = ab sin V a b/sin A- Then - — 


A a = A 7 — V a — /ft an(A/2) — 7 a; 

Bb z= B V — Y •!> — li tun (A/-) - Vb. 

Note that, where (as in the last case) B b is negativ, b is beyond 
B ; and Bb is to be laid off from b toward the vertex, 7, to 
locate B. 



Either curv point, A or B, inaccessible. 

llfl. T.C. (A) inaccessible. Fig 38. It is required' to locate 
an accessible point, n, in the curv, and a tan, »' n", thru n. The 
point, n, (preferably a station) must command a sight, np, parallel 
to the tan, A 7. 

Let A O n be the sweep of the arc. A n, (approx, A On* = 
D m X An/ 100). Let w n be normal to the tan A V, and let ns = 
p 8. Then n8zip8 = wA=yA = R sin AO n; w n — A » 
= yp = R vers A 0 n; and Vxo— YA — Aioz=.T — Aw 
— T — n 8. 
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Find tne line n p (or n p'), and the point, n, as by 
following ulternatlv methods:— 

(1) From p, ran p n || A V, making p n = 2 p « = 
Or 


one of the two 
: 2 Esin A On. 


(2) From V, lay off V tc to to; offset i on to n; and, from any 
other point, y, on the tan, A V, offset yp = wn; or from n, lay 
off ynp (tan ynp — icn/voy) ; or, from n, lay off Vnp ' (tan Vnp’ 
= wn/Vw). 

Then, for the tan, at n, lay off n' ns = n" np' — A On. 

117. C.T. (B) inaccessible. Fig 38. It is required to locate a 
point, as z or q, in the tangent, V B, beyond B. 

We give three alternativ methods, as below:— 

From -any point, as m, in the curv, at a known dist from E, run 
tn f U the tangent, V B. Then :— 

(1) From m, and from any other point, as f, in m f, lay off 
offsets — me— fz~ R vers B O m, defining the tangent, V B, and 
locating the point, z. Or:— 

(2) From in, lay off any angle, fmq, to a line, mq, intersecting 
the tan, V B, and lay off m q = e in/ sin / in q, to q, which will be 
in the tan, VB. Then B q — qe — eB = me cot fmq — R sin BOm 
Or: 


(3) From m, lay off f m v = BOm, locating the tan, m v, and 
lay off mv = R tan(BOm/2). Then v will be a point in the tan, 
V B. From v sight to m, and lay off m v V = B O in. Plunge the 
telescope, sighting along tan, F B. Then a point, z or q, beyond B, 
may be found, as required, by the methods given in 110, etc, for 
passing obstacles in straight lines. 



118. Fig 39. The C.T. (B), altho accessible, Is not suitable 

for a transit point. It is required to find the tangent, B z. 

Set over any convenient point, in, on the curv. Measure the 
chord, mB. Let A = the angle, mOB, — sweep of curv betw m 
and B. 

From m, lay off a tan, m t. Foresight on B. Then angle t m B 
= A/2- Lay off B m. C = A/4 — tm E/2. 

Lay off E C = B m, to meet the line m 0. Then C Is a point in 
the tangent, E z. 

Demonstration. 

Since mB C is isosceles, we have BOm = B mO = A/4. 

Extend m B, as to as, and draw B to\\mG. 

Then, from parallelism of sides, 
w B w ( = E m C) = A/ 4 ; 
to B 0 ( = BOm) — A/4 ; and 
w B 0 (— wBuo + xoBQ) = A/2. 

Let B z be a tangent to the curv at E. 

Then a B z ( = the opp angle 7 B m) = A/2 = m B 0, and E C 
therefore coincides with the tangent, B z. 
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CURV PROBLEMS 

(See also Re-survey, ([fl 155, etc.) 

Graphic Solutions 

110. Most curv problems may be conveniently solved graphically, 
with sufficient approximation, and with the added advantage that 
the drawing shows the relations of the several lines more clearly 
than they can be shown by mere calculation, and thus reduces the 
probability of serious error. The scale, to be adopted, will depend 
upon the nature of the problem and upon the degree of approxima¬ 
tion required. It will probably seldom be smaller than 1 inch = 
20 feet. The following are given as suggestions. See also t[ 128. 

120. Example. Fig 40. Let it be required to solve graphically 
the problem in fl 131, viz:—Given two curvs, A B' and B 0, having 
dlff given radii, R 0 and R,, and diff centers, Og and 0>. and given 
the tans, A V and V B, with their sweep, A • it is required to find 
the common radial line, Og E, of the two curvs, their respectiv 
sweeps, ij and s, and the shortest dist, <1 (which will be in the line, 
Og E ) botw them; as where it is desired to connect the two curvs 
by a spiral. , 

From A, draw A O g j_ A V and = Rg. 

From B, draw B Os j_ B V and = R». 

Thru Og and 0» draw Og E, radial to both curvs. 

Measure the angles, g and 8, and the dist, <1. 

See letter from C. M. Kstabrook, Eng Record 1006 April 7, p 466. 



PIS. 40. 


121. To draw a circular curv of large radius. Fig 40. Draw 

a chord, A B } to repiescnt 100 ft by scale. Divide A B into 20 
equal spaces. At each division-point, erect an ordinate, normal to 
the chord, making the lengths of the 10 ordinates to correspond 
with those given, in table, pp000-001, for the given sharpness, D. 
Join the ends of the ordinates. 

122. If the curv A B is the center line, the curvs for the rails, 
or for their gage sides, may be drawn at dists from A B equal to 
half the gage. Ordinarily it will be sufficiently accurate if these 
dists are measured in the directions of the ordinates, already drawn. 
Otherwise, the dists must be measured radially from the curv, AB; 
1. e., at right angles to tangents drawn (see H 124) at the ends of 
the 19 ordinates. 

123. The angle, CAB, betw the 100 ft chord, A B, and a tan¬ 
gent, A C, at either end, A or B, of the chord, is Z)/2, where D = 
the sharpness of the curv = sweep (central angle) subtended by 
the 100 ft chord. 



PI*. 41. 


124. To draw a tangent to a curv, at a given point, m. Fig 41. 
From m, lay off two equal distances, mn, mn, to the curv. Thru 
m, draw A B, parallel to n n. Then will IB be tangent to the curv 
at m. 
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Field Solutions 

125. Many problems are habitually, expeditiously ami with suffi¬ 
cient approximation, solved by trial in the field, aided, where 
necessary, by templets or curv protractor (see HU 105-1071 and a 
field sketching board. 



126. Example. Fig 42. In a given curv, A O, to find the point, 
B, from which a tangent. Ii f, may be run thru a given point, f. 

This is solved trigonometrically in fl 120, Fig 44. 

With instrument at any point, as 4. in the curv, sight along the 
tangent, A V; measure the angle, V .4 /, and lay off the angle, 
V A D — V A f/ 2. With inst at 1), where the line .1 /> meets the 
curv, repeat the process, sighting along the tan. IJ \", and to f, 
measuring analo l 1 ' D /, and laying off \ ' D f/'l < not shown*) to the 
curv at a point nearer B, and so on, approximating to B. When 
f is sighted in the tan, B f, the inst is at the required point. B 

Geometrical Solutions. 

Below are given geometrical solutions of a few typical problems 
of frequent occurrence. 

Caution. 

127. When A is large, look out for necessary ehmiKes in the 
algo*, -j- and —. See II 01). 

Thus, in Fig 40, If 101, p 040, if A > 90° < ISO 0 , wp ha^e 
sinA positiv, but cosA negativ; making B’ I positiv, but V i neg- 
ativ. 

In general, the use of the signs, -f and —, in our text, refers to 
our figs, in which, for convenience, the sweep A is in general made 
< 90°. 



Fig. 43. 


128. To paNH n curv thru a given point* P. Fig 43. 

Given, direction of tangent, A t; the T.C., A; and the co-ordi¬ 
nates, A w and «? 7\ of the given point, P. 

Required, A and R (or D), for the curv, A P. Here 
Tan (A J'l) = vol*/A w-; If = f I'/sin A — A tr/sin A = «’ /'/vers A* 
Given R instead of 1 ir; required, A and A w. Here 
versA = to PJR; A w { — p f) = R sinA- 
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Graphically. Join AP, measure angle, wAP = A/2, bisect chord 
A P in v, draw a line in the direction 0 v V, perp to A P, to 
intersect A t in 7, and measure A V and V P. Then V is the vertex 
of the curv A P which joins A and P and is tangential to A t at A; 
A V and V P are its semitangents; and we have 

A = 2 w AP; It = Zr/tantA/2) = VP/ tan<A/2). 


Fig. 44. 


129. Fig 44. In a given curv, A C, to And the point, B, whence 
n tangent, B f, can be run to a given point, f. For approx 
instrumental solution, see H 126, Fig 42. 

Given, radius, It, curv point. A, direction of initial tan, A V, and 
the co-ordinates, A w and w /, of the given point, f. 

(If the co-ords, 4 v and w f, are not given, see below.) Required, 
the angle, A 

Thru 1, draw e f 1 A 0. Then :— A c = ir f; e f = A w; and 

if Aw It It 

tan u — ---, cos g — - —-—• A - V — ■?. 

v 0 It — w 1 0 f A «;/sin y 

It the co-ords, A w and w f, are not given, and if they can¬ 
not easily be measured; take any convenient point, as x, on the 
Initial tan, A V ; measure x f and A x, and the angle, Ax f or its 
supplement, a = 180° — A x f. Then :— 

A to = .4*4 x ir — A x -f * / cos a; 

w f — x f sin a z= xn tan a. 



130. Fig 45. Having two curvs, A Its and A B a , starting from 
a common curv point, A, It is required to connect them by means 
of a third curv, A' B', tangent to both curvs and starting from 
a given point, as A\ on one of the two curvs. 

Given, both radii, ll» and Rg. and the sweep, A*, (or a) = A'O* A, 
of the curv containing the given po,nt, A'; 

Required, the common semitangent, T; the sweep, Ao (or p) of 
A B', and the sweep A» (or n) and the radius, Rn, for the new 
curv, A' B', 
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Here we have :— 

T = AV zz A' V zz B' V = R, tan(#/2) = Rg tan(o/2) 

= P»tan(«/2). Hence:— ' 

Tan(£r/2) = T/R g ; n = 180° - (s + g) ; R n = T/tan(n/2). 



131. Fig 40. Given two eurvn, A E and B G. having diff given 
radii, Rg and R-, and diff centers, 0„ and O*. and given the semi¬ 
tans, A V and V B, with their sweep, A 5 it is required to find the 
common radial line, OgE, of the two ourvs, their sweeps, A® (or.r/) 
and A* (or s) and the abort eat dist, rf. betw them, (d will he In 
the line OgE, which joins the centers, Op and Os, of the two curvs ) 
For graphic solution, see II 120. 

Draw Og B’ i V B, and extend curv A E to intersect Og B’ in B\ 
Draw V' B' || V B. From V draw F'i 1 V B. Then:— 

B' F' = AV = R 0 tan (A/2) ; V V’ = A V - A V ; 

B’l = Vi = V V sin A ; »’ i = \" F cos A- 


Draw Os L l Og B'. 
0 . L = B I = B' V 
Og L — Og B' — El 


d = 


Then :— 

+ Vi - V B; 

- B' I - R g - R, - B’l; 
Tan s — OsL/OgL: 

A* = A — A» ; and 

Rg — It, — (OgL)SCCS. 


See letter from Wm, R. Dunham, Jr., Eng Record, 1906, Apr 7, 
466. 


Changes of Location. 


132. In the following, R, T, E, etc, A, F, B, A. etc, indicate the 

f iven radius, semitan, ext dist, etc. T. C., vertex, C. T. t sweep, etc, 
or the existing curv; and R', T', E, etc. A', V, B A% etc, indicate 
corresponding lengths, points and angles for the new curv. In 
general, solid lines, in the Figs, refer to the existing curv; dotted 
lines to the new curv, or to demonstration of formulas. 


Tangents Unchanged. 

133. Fig 47. Change of curv joining two given tans (A and F 
constant) ; requiring change of given R, T and E (E = TP). 

Here, T ( = A V) = R tan(A/2) ; T ( = A! V) = R’ tan(A/2) ; 
T - T = AA'; E ( = FP) = Pexsec(A/2) = JP tan (A/4); 
E' ( —VP') zz R' exsec (A/2) = T'tan(A/4)'. E - E' = P P’; 
R - IV - (0 0') cos(A/2). 
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Therefore:— 

1. Given T; reqd R ' and E'. 

R - R’ = (T - T r ) cot(A/2) ; 

E - E' = lie - R’) exsec (A/2) = (T - T) tan (A/4) 

2. Given E'; reqd R' and T\ 

E — E' 

R' = RE'/E; R - R’ = - ; 

exsec (A/2) 

T - r = (ie - R') tan (A/2) = (E - E’) cot(A/4). 

3. Given R'; reqd T and E\ 

T - r - (R - R')t an(A/2); 

E - E' (R - R') exsee(A/2) - (T - T) tan(A/4). 



134. Changes in Tangents. Where only one of the tans is 
changed, we assume, for the sake of uniformity, that this is the, 
final tan, the initial tan remaining unchanged; but, with the proper 
changes in the lettering, the instructions given apply equally to the 
reverse case; i. t’., where the initial tan is changed, the final tan 
remaining unchanged. 

One tangent shifted parallel with itself ( A constant). Tan 
point, li, changed. 


A' A V' V 



135. (1) Fig 48. Radius, R, constant; curv point, A, shifted. 
A A', B B', 0 &, V V ' equal and parallel. 

Given, dlst, B b, betw tans. Reqd, the shift, A A\ 

B b 

A A' = li IV = -. 


sin A 




940 


RAILROADS. 


Here we have :— 

T = AV zz A' V zz B' V = R, tan(#/2) = Rg tan(o/2) 

= P»tan(«/2). Hence:— ' 

Tan(£r/2) = T/R g ; n = 180° - (s + g) ; R n = T/tan(n/2). 



131. Fig 40. Given two eurvn, A E and B G. having diff given 
radii, Rg and R-, and diff centers, 0„ and O*. and given the semi¬ 
tans, A V and V B, with their sweep, A 5 it is required to find the 
common radial line, OgE, of the two ourvs, their sweeps, A® (or.r/) 
and A* (or s) and the abort eat dist, rf. betw them, (d will he In 
the line OgE, which joins the centers, Op and Os, of the two curvs ) 
For graphic solution, see II 120. 

Draw Og B’ i V B, and extend curv A E to intersect Og B’ in B\ 
Draw V' B' || V B. From V draw F'i 1 V B. Then:— 

B' F' = AV = R 0 tan (A/2) ; V V’ = A V - A V ; 

B’l = Vi = V V sin A ; »’ i = \" F cos A- 


Draw Os L l Og B'. 
0 . L = B I = B' V 
Og L — Og B' — El 


d = 


Then :— 

+ Vi - V B; 

- B' I - R g - R, - B’l; 
Tan s — OsL/OgL: 

A* = A — A» ; and 

Rg — It, — (OgL)SCCS. 


See letter from Wm, R. Dunham, Jr., Eng Record, 1906, Apr 7, 
466. 


Changes of Location. 


132. In the following, R, T, E, etc, A, F, B, A. etc, indicate the 

f iven radius, semitan, ext dist, etc. T. C., vertex, C. T. t sweep, etc, 
or the existing curv; and R', T', E, etc. A', V, B A% etc, indicate 
corresponding lengths, points and angles for the new curv. In 
general, solid lines, in the Figs, refer to the existing curv; dotted 
lines to the new curv, or to demonstration of formulas. 


Tangents Unchanged. 

133. Fig 47. Change of curv joining two given tans (A and F 
constant) ; requiring change of given R, T and E (E = TP). 

Here, T ( = A V) = R tan(A/2) ; T ( = A! V) = R’ tan(A/2) ; 
T - T = AA' ; E ( = FP) = Pexsec(A/2) = JP tan (A/4); 
E' ( —VP') zz R' exsec (A/2) = T'tan(A/4)'. E - E' = P P’; 
R - IV - (0 0') cos(A/2). 
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Given, BB'. Reqd R', A A' and V V'. Draw O' 0 || A K; and 
V’ e || BB'. Produce radius 0 B to meet tan A A in K. 

B B' = B Ii — B'K = R exsec A — R' exsec A 
= (R — R') exsec A- * 

B B' B B ' 

.'. R — If = -——- ; and R' = R -. 

exsec A exsec A 

A A' = Q O' = GO tan A = (R — E') tan A 

BB’ BB' 

— -tan A = - 

exsec A tan t A/2) 

V'e BB' 

V V = - = -. 

sin A sin A 

138. Each tan shifted, parallel with itself. A constant. R 
constant. Curv point, A, and tan point, B, changed. 




(1) Klg 31. lloth tans shifted outward, as shown, or both 
inward 

Let tan A V be shifted thru dist A a; tan V B thru dist B b. 
Then A A', B B' t 0 O' and V V' are equal and parallel. 

Required a A' and h B’. 

Let V" be the intersection of A V and V' B'. 

Draw V K | Bb, and V' H || A o. Then 

B b A a 

a A’ = V H = V V" - V" H =-. 

sin A tan A 

Bb A a 

b IV = KT ~ K V" — V" V' =-. 

tan A sin A 

138. (2) Fig 52. One tan shifted Inward, the other outward. 

Let one of the shifts, A a, be considered ncgativ. Then V" H 
and V" V' are negativ; and 

a A' = TV" plus V" H ; b B' = KV" plus V" V'. 
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Divergent tangents, V z apd V z’, forming angle, a, 

140. Figs 53, 54, 55. Tangents Intersect In tangent point, B. 



Fig 53. (1.) R constant* A shifted; new tan point, B\ Given 
curv A B, radius, R, and angles, A and a. A' = A ± «•* 

Required dist A A'. 

Make angle A O P = A', and thru O, draw e P to curv A B at P, 
making O e = P / = R vers a. Join 0 O' and e O'. Then :— 

0 e vers a 

A A ' = 00' = - = R -. 

sin A' sin A' 



141. Fig 54. (2.) A constanti R changed; new tan point, B'. 
Required, R'. 

Note. In order that the tans shall intersect In B, we must have 
R' < R. In order that A shall remain constant, V' B' must meet 
A V at a point, V', In advance of A. a — angle, z B z', betw the 
two tans. A' = A — a. 

Make A 0 P = A', and draw 0 P, intersecting curv, A B, in P. 
Draw B' e || 0 A. Then :— 


R'(= 00') = B' e = 


PI 

vers A' 


vers A' 


( vers a\ 

1 -. 

vers A'/ 


•In Fig 53, a is negativ, and A' = A — as in Fig 55, V Ifl 

betw A and V', a is positlv, and A' = A + <>■ 
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142. Fig 55 (3.) B constant; A shifted; R changed. 
Required, R' and dist, A A'. 



Draw D J 1 0 A , and O' /*' 
A f = A’ f = R vers A = 


.\R # = R 


vers A 
vers A' 


|| O R. Then 
R’ vers A'- 


A a' = R 1 — B V = B sin A — ft' sIn A'- 



Figs 56 and 57. Tangents Intersect in vertex, V. 

143. Fig 56 (1.) R constant| A shifted ; new tan point, B'. 

Given, R, A and a. 

Required, shift, A A' for A. . 

AV = R tan(A/2) ; A’ V = R tan(A /2) , 

A A • zz AT - A'V = R[ tan(A/2) - tan(A'/2)]. 

144. Fig 57 (2). A constant! R changed ; new tan point, B\ 
R' may he either greater or less than II. 

Given, R, A and a. 

Required, R f . 

AY - R tan (A/2) ” E'tan(A'/2); 

A Y tan(A/2) 


. R' = 


tan(A'/2) 


tan(A72) 


35 
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Divergent tangents, V z apd V z’, forming angle, a, 

140. Figs 53, 54, 55. Tangents Intersect In tangent point, B. 



Fig 53. (1.) R constant* A shifted; new tan point, B\ Given 
curv A B, radius, R, and angles, A and a. A' = A ± «•* 

Required dist A A'. 

Make angle A O P = A', and thru O, draw e P to curv A B at P, 
making O e = P / = R vers a. Join 0 O' and e O'. Then :— 

0 e vers a 

A A ' = 00' = - = R -. 

sin A' sin A' 



141. Fig 54. (2.) A constanti R changed; new tan point, B'. 
Required, R'. 

Note. In order that the tans shall intersect In B, we must have 
R' < R. In order that A shall remain constant, V' B' must meet 
A V at a point, V', In advance of A. a — angle, z B z', betw the 
two tans. A' = A — a. 

Make A 0 P = A', and draw 0 P, intersecting curv, A B, in P. 
Draw B' e || 0 A. Then :— 


R'(= 00') = B' e = 


PI 

vers A' 


vers A' 


( vers a\ 

1 -. 

vers A'/ 


•In Fig 53, a is negativ, and A' = A — as in Fig 55, V Ifl 

betw A and V', a is positlv, and A' = A + <>■ 




COMPOUND CURV PROBLEMS. 


947 


h = a/ 2 4- (« - p)/2; g - A 


R* = r*/tan«; R* = Tg/tang. 



147. Figs 60-01. Given, a simple run, .1 M li, joining two tan-, 
gents, A V and V li: Retaining the same tans, it is reqd to Hubntl- 
tute a three-center compound curv. 

148. Fif? 60. A. Retaining A and II. Compound curv, 

A Po m Pb B. 

Let K =0A = 01tf = 0B = radius of simple curv, A M B; 
R, = 0,P m = 0 , m = 0 . Pb < R; 

R g = Oo A = Ob B > R; 

* = Pa 0, Pb; g = A Oa Pa = B Ob Pb; 

A ~ A O li — n -f - g = sweep of simple curv, A MB ; 

M in — dist hetw mid points of the two curvg 
Produce Y 0 to fr, and draw Ob k 1 V K. Then 
Obfc = OdO sin(A/2) = (lio-R) sin (A/2) 

= Ob 0$ sin(«/2) = (Rg — R«) sin(*/2) ; 
whence:— 

(Rg — R) sin(A/2) A —• 

Sin s/2 = - ; g = - ; 

R e -R. 2 

R sin (A/2) - Rt sin (s/2) 

Rtf =- 

sin (A/2) - sin (s/2) 

Draw Oiti 1 OB. Then 

0 O* = 0$ n/sln(A/2) = (Rg — R*) sin 0 /sin(A/2) ; 

and 

Mm= O O, -f O, m — 0 1/ = O 0. — (0 3/-0«m) 
sin g 

- (Rg - R») -- (R — R,). 

sin (A/2) 


•From the equations for sin t.4 -f B\. cos (A + B), sin (A — B) 
and cos (A — B), Hfl 16, 16, p 97b, it can be shown that 
s — g A tan (s/2) — tan (p/2) 

sin- = sin— X-; 

2 2 tan(8/2) 4- tan(p/2) 

tan( 8 / 2 ) 

and, from Tg — T» - , H 57 and p 58, U(5), we have 

tan(p/ 2 ) 

T g . — T* tan (8/2) — tan (p/2) 

T g 4- T, tan (8/2) 4 - tan (p/2) 
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149. Fig 61. B. Retaining the name middle point. M. 

Compound curv, A’ Pa M Pd IS'. 

Lot R — OA — OM=zOB=: radius of simple curv, A M B; 
R» = 0,P* = 0. M — Q,pb < It; 

Rg = O a A' = Ob B' > li; 



In the Fig, produce the curve, Pd M Pa, to meet, at n, the line. 
Oik, |l OA; and draw nh || PaOa, and nf || 0*0. Then n is a 
point in the long chord, M A (not drawn), and in the long chord, 
Pa A’ (not drawn) ; the tan, e n, thru n, is || A V; and 

nk = A e = nj vers(A/2) = (R — R») vcrs(A/2) 

— A' e* = n h vers g — (Rg — R*)versp; 

whence we have :— 

nk (11 — R„) vers (A/2) 

vers e — -— - ; 

Rg — Ri Rg — Ri 

R* = R, -f (n fc/vers g ) ; 

R. = R - In ft/vers (A/2)]. 

cot(e/2) = cot(A/4) + (AA'/nk) ; a = A — 2 p; 

A A' = BB’ = kA' - A-A = nk [cot (0/2) - cot (A/4)] 

150. Shifting C.T. along Its tangent. Fig 62. Given a com¬ 
pound curv, U P E, joining two tans, V V and V E. Retaining the 
same tangent-directions, and the given Initial radius, llu, it is de¬ 
sired to make the second branch join the same final tan, V E', as 
before, but at E instead of at E. 

Required, the new final radius, I?/, and the new distribution of 
the sweep, A. betw the two branches; i. e.. the new values (u' and 
e'), of the sweeps, m and e. The change lnvolvs shifting the C.C. 
from P to a new point, as P\ 

Let V ( = EE') be positiv when measured forward from E, as In 
Fig 62. 

As in Fig 62, let the subscript, c, refer to that branch whose 
radius, R*, is to be changed; and let the subscript u refer to the 
other branch. 



COMPOUND CUKV CHANGES, 


949 


Since the tangent-directions are unchanged, we have A = 
u + e = «' -f e'; and u' = u + c — e’. 

in the Fig, produce the u branch, U P, to meet, at n, the line, 
Oh », drawn parallel with Oe E (n is in any straight line P E, P' E' 
joining either C. C. with the corresponding tan point). Draw n f, 
|| and = Ou Oe = Re — J2u = f E. Draw n k', 1 Oe E and 1 0.' E’. 


V 



(1) Given the change ( = P Ou P' ~ u' — u - e — «") in the 
sweeps; reqd 11/ and y ( — E E‘). Here we have c' = P' 0/ E' — 
P' 0« » = A — (u + P Ou P'j. In the Fig, draw n i || and = 
Ou 0/ = ReR u . Then 

E’ fc' = (Re' — Rh) vers c' = E k = (12* — 12u) vers e. Hence, 

R«' (= 0/ E') = 0/i + -— k = Rh + (Ue - R») vers c/vers ✓ ; 
vers c' 

y ( = E E' = n fc' — n k) = E' k' cot(e'/2) — 15 ft cot (c/2) 

= Ek tcot(c 72 ) - cot (c/ 2 )] 

= ( 12 # — 12 u) vers c rcot(c'/ 2 ) — cot(e/ 2 )]. 

(2) Given J2«'; reqd P OuP' ( = «' — it = e — e') and 
y ( = E E'). Here we have:— 

E’ fc' E k (Re — Ru) vers c 
vers c f =-= - = - ; and 

ft i n{ R/ — Ru 

PO u r’ — e — c’; u' — u + P OuP'. 
y ( = EE') as above. 
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(3) Given y ( = E E f ) ; reqd P OuP’ ( = e — e') and RS. 

Since (see above) y ( = E E') — Ek [cot(e'/2) — cot(r/2)], 
we have:— 

y V 

- = cot(e'/2) — cot(e/2) ; and cot(e'/2) = cot(e/2) +- 

E k E k 

V 

— cotic/2) H-. Then-— 

(lie — Ah.) verse 

P On P' and R/ may he found as above. 


Plus and minus signs. See p 017, fi 60. 



E ' beyond E 
(y positiv) 

E’ hetw E and T* 

(y negativ) 


Re > Ru 
(Fig 62) 

Re < Ru 

Re > Ru 

Re < Ru 

P Ou I" 

positiv 

negatlv 

negatlv 

positiv 

e' 

< € 

> e 

> e 

< e 

Re' 

> Re 

> Re 

< n. 

< Re 



Fig. 63. 


151. Fig 63. Given a compound curv, U PE, Joining the tana, 
U V and V E . It Is required to shift the final tangent, V B, 

parallel with itself, to the new position, V' E’, retaining the original 
radii, Ru and AV. The change involvs shifting the C. C. from P to 
a new point, as P'. 

As in Fig 63, let the subscript, e, refer to that branch which 
joins the tan, V E. to be shifted ; and let the subscript, u, refer 
to the other branch. 

Since V E and V’ E' are parallel, we have ^ + e = «' + «*, 

or a' = u + e — e'. 

Given e, Rr, Ru and the shift, x ( = E Q) of the tan (call » 
poeitiri when measured inuaid from Ej as in Fig 63) ; 

Required the new distribution of the sweep, A. betw the two 
branches; {. e., the new values, (u' and e',) of the sweeps, u and •. 
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Draw 0„M l O e E and l Oe' E'. Then 

(1) 0*' M’ = Re - E'M' = 0«'0«cosc' = (Re-Ru) cose'; 

(2) Oe M — Rt — E M = Oe 0 ucosc = (R. - Ru) cose. 
Subtracting (2) from (1), we have 

EM — E" M' { z= E Q) = x = (Re — Ru) (cos e' — cos e) 
id 

x 

eoM e' ^ cos c 4-; u' — A — «'• 

Re - Ru 


Plus and minus sign* (A < 90°). See fl GO. 


V E’ inside of V E (x positiv) 

F' E’ outside of V' E (x negativ) 

Re > Ru (Fig 63) Ur < Ru 

Re > Ru 

lie < Ru 

e' < e e’ > c 

t" > c 

c' < c 


152. Figs 64. Given a compound curv, 17 PM E, joining the 
tans, U V and V E. It is desired that the direction of the tan¬ 
gent V E shall be changed to V' E, V’ E forming, with V E , the 
angle, a — V E V, and passing thru E. 

Retaining the fir-t radius, Ru, and the curv point, U, it is re¬ 
quired to iind the new radius, R,', replacing Ur, and the changes in 
u and v. The change involvs shifting the C.C. from U to a new 
point, as P'. 

A, A' = compound curv sweep for old and new curv respectivly. 

R v = initial rad (unchanged in this problemi. 

Re, RP — final radius for old and new curv respectivly. 

u. u' =i swet p of //., for old and new curv respectivly. 


e — sweep of Re. 

e' — sweep of R,' 

a — VEV 

Then A =«+<'- A' ± a; « 

e 

A' -«'•+■ t*' - A ± ««’ 
e' 

Required, UP, A'. <*', and u\ 


A — e = A' ± a 
A — w = A' ± « 



e 

u 

e’ 

u'. 


153. ( 1 ) Given A» a » u > *» Ru and R«. Graphic method. 

From E, draw a line in the direction, E OP 1 V' E On this line, 
measure EH = Ru. Join H Ou. Bisect II Ou in h. and draw 
ft Oe' 1 H Ou, to meet EH (produced, if necessary) in OP. Then, 
Re' = Ru ± II O P - Ru± On Oe’ ~ E II ± II OP - E OP. 

From OP, thru On, draw Or'/*', to intersect the II branch, UP 
(produced, if necessary', in the new C.C. at I". Then 
e* = P'OPE; u' = UOnP'. 


When 

Fig 

We have Ru Oe & Oc' in Foci 

Maj axis 

Re > Ru 

Or, 

- Oc' E - OP Ou l 

Oe E - Oe Ou 

= Re — (Re — Ru) ; hyperbola > Ou. E 
= Oc' E + Oc' Ou : 

= OeeE + Oe Ou 

— Re (Ru — Re) ellipse Ou, E 

w *t = Ru 

mn= Ru 

Re < Ru 

b, 


154. Figs 64. (2) Given A. a. «» e, Ru, Re, U V and E V. 

Or, if 17 V and E V are not giv< n, we have:— 

U V sin A = RuversA + (R« — Ru) verse; see eq (74). f 

EVsinA = R* vers A — (R« — Ru) versa; see eq (72). 











When (as in Figs 64) UV' > UV, then A' > A. and R < R, : 
and vice versa. This affects the signs (-f- and —) of the other 
values. 
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RE SURVEY OF CURVS 
To find the sharpneHR, D, of an exiRtlng cnurv. 

155. Fig 65. Vertex, V, accessible, and directions of tans, 
VA and V B, given. Required, radius, R (or sharpness, D) ; A 
and if. 

With the Inst at V, measure A? and from either tan, lay off 
angle, if V1* or A V I* = (180° — A)/-- Measure the external, 
E ~ V 1\ from V to cen line of existing track. Then we have:— 

R(z=OA — OB) — E/exsec (A/2) ; 

T ( = AV = V if) = E/tan (A/4) = R tan (A/2) ; 

sin(I)/2) = CO /R. 

Approx, we have I) = 5730 /R. 



Fig. 65. Fig. 66. 


156. Fig 66. Vertex, V (not shown), inaccessible. 

Set up over a point, as p, in the center line of the curv, prefer¬ 
ably at or near either end: and lay off and measure peripheral 
angles, a p b, b p <\ etc., each subtended by a unit chain (as a b, 
be, etc.), on the curv. The average of these angles may be taken 
as (approx) the peripheral angle, D/2, of the curv; and twice 
(D/2) = 1) as the sharpness.* 



o 


Fig. 67. 


157. Fig 07. Or set over any point, p, in center line of track. 
Measure one chain, pm = p «, in each direction, to in and to n, 
also in center line. Measure angle (j p n = D.* 

•In all such work, the entire curv should be covered as thoroly 
as practicable, the method being repeated, over different portions 
of the curv, and an average taken; for, in curvs which hav been 
used for some time, the curvature is frequently found to vary from 
point to point, the track having been thrown out of true by traffic, 
and perhaps relined by eye without reference to center stakes. 
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158. By middle ordinates. Fig 68 . In any circle, 

(2 It - m)m = (c/ 2 ) 1 . 

Approximately, 2Rm — (c/2)*; 

c 2 /4 c* 

or approx, 11 —-=-. 

2 m 8 m 

Hence, if a cord, of any given length, c, subtending a small sweep, 
be stretcht betw two points, n and p, on the inner side of the head 
of the outer rail, and if its mid ord, m, be measured, to the rail 
head, we have :— * 

R = (c */8 m) — half the gage. 



Fli?. 68 . 


Usually the half gage may be neglected. 

Then sin(/)/2) = oO/R; or, approx, D = 5730/R. 

If the cord lie KM) ft long ( — one chain length), and the mid ord 
m, in ft, measured, D may be taken at once from table, pp 808-9.* 

159. Conversely, to find the mid ord, M ins or m ft, corre¬ 
sponding to any given length of cord. c. in feet, and to any given 
sharpness, /), or radius, It, we have (approx) 

M, Ins, = 12 m = 12c78R = 1 .1 r-/!t. 

Thus, with a 30-ft rail (c = approx 30 ft 1, on a 3° eurv (It 
1910 ft), we have, approx :— M = 1.5 X 900/1910 = 0.707 inches. 

Again, (approx) c = V 8 m R = Vs m 5730/D = 214 \m/D. 

If, now. we make M = mid ord in ins = 12 m = D, in degrees, or 
m = D/12, we have, approx:— 

ITD 1 8 D 5730 ,_ 

c = /-. R = \ I-.- = V3820 = 61.81ft. 

\ 12 \ 12 D 

Hence, with a cord, c, 01.81 (say 62) ft long, we have:— 

if = mid ord in Ins = sharpness, D, of curv in degrees.* Com¬ 
pare II 178. 

160. Fig 69. From any point, as a (preferably a joint), on the 
Inner or gage side of the outer rail, sight to another such point, 
as b, such that the line of sight, a b, is tangent to the gage side of 
the inner rail, as at p. 


•In all such work, the entire curv should be covered as thoroly 
as practicable, the method being repeated, over different portions 
of the curv, and an average taken ; for, in curvs which hav been 
used for some time, the curvature is frequently found to vary from 
point to point, the track having been thrown out of true by traffic, 
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Then, for the mid ord to the chord, a b, we have pp' = G = 
gage. 

Let l = rail-length, in ft; N = number of rail lengths in arc, 
op' b. Then A l — arc. a />' b. in ft. 

Let 5 = angle, aOb; 0 = chord, a b; R' = outer-rail gage-side i 
radius; It — center-line radius; D = center-line sharpness. 

Measure C — ah: or count N, find N l, and (generally near 
enough) assume chord, ab = arc, A ' l. Then: 
tan(5/4) = tan p' a p = 2 (7/C; if' = C/2 sin(5/2) ; 

R = R’ — (C/21 ; sin (it/2) = 50/R; or, approx, D = 5730 /R. 


p' 



Classification of Resurvey Cases. 

101. As to the choice of method of procedure, resurvey cases 
may be classified as follows:— 

A. Vertex, V, accessible; short curvs; 

11. Vertex. V, inaccessible; 

1 Curvs of moderate length; 



A. Vertex, V, accessible; short eurvs. 

102. Fig 70. Locate vertex,*!', thus; with inst. at a point, X, on 
a tangent, say 50 ft back from the curv point, A, backsight along 
the tan, and plunge telescope, sighting toward V. Doing the same 
at V, on the other tan, V B, we lind the intersection, V, of the two 
tans. 

Find A, E, R, 1J and T as in fl 155. 
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Then, 

L ( = curv length. A P B, in unit chains) = A /D. 

Locate the curv points, *4 and B, by laying off T — V A — I B, 
from V, or by laying off L/2, in ft, along con lino of curv, from P 
L/2, in unit chains, = A/(2Z>) ; in ft- — 50 A/fL 

With inst at P, lay off right angles, Y Pm and VPn. locating 
the tan, mn; and verify angles mPA = nPB = A/4; or 

With inst at A and at B, verify angle V .4 ll — V H A — A/2, or 
YAP — VHP — A/4. 

If the track has shifted materially at P, giving a false value of 
E, the foregoing equations will of course give false values of R and 
D. Compare the value of I), so found, with the value recorded. If 
the track has shifted betw P and 1 or betw P and R,»the measure¬ 
ment of L/2 from P, as above, may give false positions for A and 
B. The discrepancies must be adjusted, according to circumstances. 

Run the new curv, marking it temporarily. Observe what amount 
of throw, and in which direction, is required at each point. Re¬ 
adjust, if necessary, and drive stakes to mark the final location 

B* Vertex, V, inaccessible. 


Curvs of moderate length, 
a. By Trial Curv. Fig. 71. 

103. Given, the sharpness. /), of an old curv, whose original 
position was A It. and the directions of its tans. .4 V and V B. 
Required, A and the positions of the T.C. (.1) and C'.T. (/I) 

Let .4" be the supposed position of the T.C., or a point, near the 
T.C., on the tan or on the tan produced. Set over A", and begin 
running a trial curv, .4" mi, of the given sharpness, D, marking the 
100-ft chain points temporarily. 

If A" is materially distant from the TO. (.4 ), as in Fig 71*. the 
trial curv, A" m, will soon he found deviating seriously, as at m, 
from the old track, .4 B. Measure the distance, »i «, betw the trial 
curv, A" m, and the cen line, A H, of the old track. Then, for the 
shift, A".4, reqd for the T.O., we have— 

III h f 

A" A = m n — (approx) m n' * —-, 

sin A» 

where A»» (ort»t) = sweep of trial curv betw A" and m .* 

Let A" A' represent the approx value thus found for the shift, 
A" A. Move inst to A', and re-run the trial curv, with D as 
before, taking transit points, 7\, 7’ a , etc., at preferably equal dlsts 
of say 500 ft. From each transit point, locate a short line, as 
T,x, parallel with the original tan, AY, marking said line with 
a nail, as at x. 

Run the trial curv, A' T a , thru a sweep, ft t, to a point, as 
where its final tan, v ' 7’ 4 , is supposed to be parallel with that, V B, 
of the old curv, A B Thru T 4 run a line, T 4 u, parallel with V b, 
and measure the angle, ft, betw T t u and if T 4 produced. Then :— 

A = * ± 


•To facilitate illustration, the deviations, in Fig 71, are grossly 
exaggerated. In practice, the tans of the two curvs, at m and at 
8, would be approx parallel. 

tin Fig 71, the angles, A*> A* and A* are designated as m, 8 
and t, respeetivly, to avoid overcrowding. 
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Locate the terminus, B', of the trial curv, A' B', accordingly. 
The tan, V’B’ is then parallel with the tan, V B, thru B; and angle 
FV'B' - FvB =' A . 
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Then, 
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adjust, if necessary, and drive stakes to mark the final location 

B* Vertex, V, inaccessible. 
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•To facilitate illustration, the deviations, in Fig 71, are grossly 
exaggerated. In practice, the tans of the two curvs, at m and at 
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tin Fig 71, the angles, A*> A* and A* are designated as m, 8 
and t, respeetivly, to avoid overcrowding. 
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16K. Fig 73. But points on the final curv, A x B u may he located 
by simple measmt from the curv, A 11 , thus:— 

Required, to find (approx) the dist. x'x : , hetw the two curvs, 
AB and A 1 B yj measured || with the central radius, O x Pj. 



In Fig 73 (grossly exaggerated; see detail, Fig 73a), let the 
dotted curv, Ft x 2 represent n eurv having the same radius, R, as 
curv, AB, but passing thru the mid point, P lt of curv A 1 B 1l ; and 
let ®? he the dist (parallel with P P x ) from a given point, ®*, on 
curv Pi®?, to a required point, ® lt on the reqd curv, AjBj. Draw 
and ® 2 2, parallel to the tan, Pi n, thru Pi. Then;— 

®s x 1 ~ Pi 2 — I\ 1 — P m — P, 1 

= R vers 2a — R x vers 26; where a — nP^x^ 
and b = nP l a 1 ; 

and the dist, x ®„ from the curv, A B, in the same direction, to the 
reqd point, x u on the final curv, A*#,. is 

x x x — x ®2 — ® a ®i = PPj — (R vers 2a — R± vers 2b.) 

This method is sufficiently approx in practice, notwithstanding 
that the measurements, given by the equations, are parallel to P P*. 
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lnt of d = ad" — a b' + bo* + cd’ 

= uO cos A + be cos It + cd cos C; 
aA = ad" - d"V - YA 

= ad" — dd"/ tan A — R tan (A/2). 

(For dd", see below. R — radius of existing curv). 



Departures ((lists normal to the latitudes) ; for finding diet dB 
and location of point, U :— 

W -f cc’ 4- dd' 
ab sin A 4 - be sin B 4 - cd sin C; 
dY - YB 

dd"Jsin A — if tan(A/2). 


dep of d 


dd" 


dB 



“Throw” 

169. Fig 75. (For curvs with spirals, see end of this fl.) 
Having thus, by means of the traverse, flU 166-168, Fig 74, 
found the curv point. A, and tan point. It, the several traverse pts 
may lie used for locating, by simple measurement, as many other 
pts in the curv; thus. Fig 75 .— To find the throw, or radial 
aist, p q, from a given traverse pt, p , to the curv, A B; 

Let a p' = lnt of p ireferd to the origin, a, of the traverse, 
p p =: dep of p j and found as in fl 168. 

R = radius, Oa : 

Then:— 

„ pp" a p’ ■ 

Tan AO p 


pp" 

Op" 


R-p'p 


Op 


p p" 

sin A O p 


a p' — a A 
sin A 0 p 


pq - /f - Op. 

If, as in Fig 75, R < Op. then p must be moved inward. 
If R > Op, then p must be moved outward. 
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Fig 76. For a point, q, In the circular portion, B Br, of a 
spirald curv :— for A, in the foregoing, read A T ; and, for R — p' p, 
read R + H — p’ p. Then, as above, pq = /J - Op. 



Long; curvs, requiring compounding. 

170. In very long curvs, especially where the track has become 
much out of line, it is sometimes found impracticable to approxi¬ 
mate satisfactorily to the existing track with a single simple curv. 

Resort is then had to compounding with turns of other radii 
Since long curvs are seldom sharp, the required change of sharp¬ 
ness is seldom more than a few minutes. 

The instrument is set over a point as near as may be to the 
middle point of the curv, and a trial curv is run in each direction, 
with the sharpness, 1), of the existing curv, as ascertained from the 
records, as estimated, or as assumed 

When either trial curv begins to deviate seriously from the 
existing track, the sharpness is to be slightly lncreast or diminlsht, 
as may be necessary. Tins may have to be done several times 
during the running of the trial curv. 



Fig 77. Suppose that one of these trial curvs. approaching from 
the right in the Fig, has thus reacht a poiut, A', say 500 ft from 
its destination, which is the curv pt, A, of the existing curv, Z A. 
Read, the location of A, and the sharpness, J), of the curv, A’ A, 
which will connect tangentially with the tangent, A Y, at A. 

Lay off a tan. A' P, to its intersection, V, with the tan, A V, of 
the existing curv, Z A. Measure the intersection angle, A'. at V, 
and the semitangent, T ~ A 1 V — V A. 

Then, lor the sharpness, D, of the short curv, A' A, which will 
complete the line, we have:— 

R = T cot (A'/2) ; D = approx 5730/Jf ,• 
and V A ( = T) — A’ V, measured from V, gives the curv point, A. 
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171. When double-tracking an existing single-track line, 

Fig 78, yAIiabz (centers at <) and at o), the sharpness of curv¬ 
ature may be reduced (if there is room on the right of way) by 
placing the second track, y' A’ DD" a? b\ 6" z' < centers at O' and 



at o'), alternately on one and on the other side of the existing 
single track, constructing also the new curvs, A li" and a b" (centers 
at O' and at o'), and eventually removing the old curvs, AD and 
ab. (Eng News 1913, Oct 23, p802.) 

SUPERELEVATION 
of Outer Rnil on Curvs. 

(For transition curvs, see fill 194, etc.) 

Theory. 

172. Let a frictionless block. W, sliding forward upon a straight 
track, upon which the two rails are at the same level, encounter a 
curv, with superelevation, t’, as shown in Fig 70. 



173. On the curv, its (horizontal) centrifugal force, transversely 

of the track, is W v"/U g (p354) ; where IV = wt of block; v — 

Its vel, in ft per sec ; It = rad of curv, in ft ; and g — gravity 

accel = 32.2 ft per sec per sec. 

174. The hor component of its gravitational tendency to slide, 
transversely of the track, down the inclined plane (i. c its cen¬ 
tripetal force), is Fit = IV tan a = W e/(lc; where e = super¬ 
elevation, in ft, and Oc = hor dist, in ft, hetw rail centers. 

175. In order that the block shall not he shifted laterally, we 
must have these two forces equal; or Wv*/Rg = W e/O o; whence 

superel, e, in ft, = Or r-/R„ = 0.0310C GcV*/R .(114) 

For vel, V, in miles per hour, we have:— 

superel, e, in ft, = 0.00080 Gc V-/R .(115) 

Approx, e, in ft = Or 0 <>75730 g -= Gc D 1>V184,500 

= QoD V785.708 .(116) 







964 


RAILROADS. 


176. With standard ga K e ( = 4 ft, 8.5 ins = 4.708 ft). we 
have, approx, Qe = 4.9 ft, and 



FOr v, ft/sec; 

For V, mi/hour; 


superel, e, in ft 

= 0.1522 v s /R 
= l> 1*737,652 
= 0.000 026 56 D r* 

= 0.3273 I r 7 R 
= It 1*717,504 
= 0.000 057 2 D V 9 .. 

...(117) 

superel, E . in ins 

1.826 v'-/Il 
= 1) t’73,137.7 
= 0.000 319 Dr* 

= 3.928 V"/R 
= D V71,458.6 

= 0.000 086 nv*.... 

..(118) 


177. For other kukch, since the angle, a, Fig 1,'is independent 
of the gage, the superel, c, for a given rad and given vel, is pro¬ 
portional to the gage. 


178. Chord, C 0 , whose middle ordinate = superelevation. 

Compare fl 159, 180 In any circular arc, we have, approx:— 


chord = V S It x mid ord. 

Hence (Eq 117), we have: 

Co = V8 R X 0.000 057 I) V 2 .(119) 

and, since R D — approx 5730. we have, approx : 

Co - 1.02 V — V 1.219 r = 1.1 v . (120) 

17ft Thus lot thp cnpuil ho JO milou/hr l<V»r thiu ofivo h'n 


air. xiius, let me sjhtu *tu murry in. rui iun case, r,q i i.w) 

gives Oo = 64.8 ft. Stretch a cord, 64.8 ft long, betw any two pts 
on the concave side of either rail head. Then, whatever be the 
sharpness of curvature, the mid ord, from this cord, to the con¬ 
cave side of the same rail head, will be approx the superel reqd, 
by our equations, for a vel of 40 miles/hr. 

Pructice. 

180. In actual trains, superel has, in view, not only the position 
of the trucks, transversely of the track (1j 175), but also the 
equilibrium of the enr bodies. Superel counteracts the tendency 
of the car bodies to swing outward under the action of the centri¬ 
fugal force. 

181. The foregoing equations are based upon the ideal condi¬ 
tions of Fig 79; but a railroad car, and, still more so. a train, is a 
complicated body, made up of many parts which are differently 
acted upon by diff forces; and the conditions are widely diff from 
those of Fig 79. Friction, betw wheel tread anil top of rail head, 
causes the first outer wheel of a car to roll forward so that its 
flange presses against the head of the outer rail; and the resistance 
of that rail to the wheel's forward motion supplies a centripetal 
force, additional to that, Fa, of gravity (t! 174), and wanting in 
Fig 79 ; and the action of the two principal forces, upon the follow¬ 
ing wheels, is complicated by the traction, exerted upon them by 
preceding portions of the train. See li 30, p 1001. Even if an 
ideally perfect formula, involving the speed, could be devised, its 
usefulness would be limited by the fact that but one superel can be 
given to any piece of track ; altho, on most roads, trains must travel 
at widely difr speeds. Nevertheless, these equations are quite gen¬ 
erally used in practice, with modifications to suit special cases. 

182. The umouiit and details of superel are flxt largely by 
individual judgment (Mi 183 to 187). based upon local conditions, 
by the nature of the traffic, etc. On the score of safety and for 
the comfort of passengers, the superel is usually adjusr.d for the 
higher speeds expected; but this may entail heavy work upon 
long and slow trains; and, where a train stops upon a sharp curv, 
a high superel causes an objectionable cant in the car bodies. 

183. The superel is customarily taken at from 0.5 to 1.0 inch 
(In some cases, 1.25, 1.5 or even 2 Ins) per decree of sharpness! 
with a max total limit of from 4 to 6 (or even 8) Inches ; speed 
being reduced where necessary Eq (114) requires a superel of 
0.5 inch per deg of sharpness at about 27 miles/hr, 1 inch at about 
38tn/h, and 2 ins at about 55 m/h. 
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184. The common practice (If 183) of making the superel pro¬ 
portional to sharpness of curvature, disregards the fact that high 
speeds are usually lowered upon sharp curvs. See If 187. 

185. On the New York Central (four tracks) E max = 6.5 ins. 
For passenger trains on curvs flatter than 1°, 

E = 2 ins per deg ; 

for passenger trains on curvs 1° and sharper, 

E = 1 in per deg -f 1.5 ins; 
for freight trains, 

E =z 0.75 in per deg. 


This gives: 




fiMil 






H H 














SiWTM 









BIB 







Kill 



1K6. The Phila. &‘Heading makes K or c = mid ord of that 
chord whose length, Co, = 1.400 V, is the dist run by express 
trains in one second; M max = 8 inches. Compare flff 178,179. 


187. Other roads use E — 1 inch per deg. plus a quantity be¬ 
ginning with 1 ineh for a 1° curv, and diminishing by % inch for 
each deg. 

This gives 

for 1> - 0 1° 2° 8° 4° 5° 6° 8® 10° 

E ins 0 2 2% 3% 4% 0% 8% 10 

This takes account of the fact that the fastest running Is apt to 
occur on the easiest curvs. See f, 184. 

For ordinary practice, the Am Hy Eng Assn, Manual, 1915, 
p 158, recommends superel E = 0.00006 D P. Compare our eq 
(118) U 170; E max ordinarily 8 ins. 


Cross Section. 


188. In single trnek, superel may be effected, either 


(1) by raising 

inner mil 

car’s grnv cen 

the outer rail; 

remains at grade; 

raisd c/2. 

(2) by lowering 

outer rail 

car’s grav cen 

the inner rail; 

remains at grade; 

luwerd e/2. 

(3) by combining 

centerline 

car’s grnv cen 

(1) and (1!) ; 

remains at grade; 

maintains elev’n. 


The Am Hy Engng Assn, Manual, 1915, p 159, recommends 
method (1). 




Saw-tooth 




Stept 


Fig. 80. 


180. Fig 80. On double track, three methods are used; 
Plane. Favornbie for drainage, and for placing cross-ovfrs and 
railway and highway-grade crossings; 

Saw-tooth. Cenerally used. Requires cross drains under one 
of the tracks; 

Stept. remits drainage without cross-drains. 
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176. With standard ga K e ( = 4 ft, 8.5 ins = 4.708 ft). we 
have, approx, Qe = 4.9 ft, and 
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of the car bodies to swing outward under the action of the centri¬ 
fugal force. 

181. The foregoing equations are based upon the ideal condi¬ 
tions of Fig 79; but a railroad car, and, still more so. a train, is a 
complicated body, made up of many parts which are differently 
acted upon by diff forces; and the conditions are widely diff from 
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force, additional to that, Fa, of gravity (t! 174), and wanting in 
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usefulness would be limited by the fact that but one superel can be 
given to any piece of track ; altho, on most roads, trains must travel 
at widely difr speeds. Nevertheless, these equations are quite gen¬ 
erally used in practice, with modifications to suit special cases. 

182. The umouiit and details of superel are flxt largely by 
individual judgment (Mi 183 to 187). based upon local conditions, 
by the nature of the traffic, etc. On the score of safety and for 
the comfort of passengers, the superel is usually adjusr.d for the 
higher speeds expected; but this may entail heavy work upon 
long and slow trains; and, where a train stops upon a sharp curv, 
a high superel causes an objectionable cant in the car bodies. 

183. The superel is customarily taken at from 0.5 to 1.0 inch 
(In some cases, 1.25, 1.5 or even 2 Ins) per decree of sharpness! 
with a max total limit of from 4 to 6 (or even 8) Inches ; speed 
being reduced where necessary Eq (114) requires a superel of 
0.5 inch per deg of sharpness at about 27 miles/hr, 1 inch at about 
38tn/h, and 2 ins at about 55 m/h. 
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198. In the ideal transition curv, the radius diminishes pro¬ 
portionally as the dist from the beginning of the spiral, ( measured 
along the spiral itself ) increases. On such a curv, the superel, at 
each point, is that proper to the sharpness at that point, at the 
contemplated velocity. This curv was described by Mf. Ellis Hol¬ 
brook, in Railroad Cassette. 1880 Dec 3, p 639. It was treated by 
I’rof. A. N. Talbot, in Technograph (University of Illinois) No. 5, 
1800-01. and afterward elaborated by him in “The Railway Tran¬ 
sition Spiral”, New York, Eng News Pub Co, 1004. In “The 
Transition Curve", New York, John Wiley & Sons, 1800, Prof. C. L. 
Crandall develops accurate methods for the application of this curv 
to cases of large sweep. This spiral was recommended for use 
by the Committee on Track of tne Am Ity Eng & M W Assn, Bul¬ 
letin 73, March 1006, pp 58 etc. 

199. Many forms of transition curv have been proposed and 
elaborated. Between those in common use, the choice is governd 
rather by facility of computation and of location than by any me¬ 
chanical differences between the behaviors of the several curvs in 
operation. 



The 10-chord Spiral 

200. In the interest of simplification of the necessary formulas, 
the American Railway Engineering Association (“Manual”, 
1915, page 132) recommends the use of a curv, practically iden¬ 
tical with the Ideal spiral just described. Said recommended curv Is 
subtended by ten equal spiral chains (usually much shorter than 
100 ft), and is called “the ten-chord spiral’ 1 . In this curv, the 
sharpness increases with the dist from the beginning of the spiral, 
measured In 100-ft chains, instead of along the curv Itself, as in 
the true spiral. See example, fl 233. 
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Geometrical Properties. See rules for field use, Iff 231 etc. 

Symbols. 

201. Figs 81a, 81b. Let the points, A, B, Bf, At, etc, of change be 

designated as follows (AREA “Manual”, 1915, p 135). 

(A) T. S. From tangent to spiral (hitherto called P. S., Point 

of Spiral) ; 

( B ) S. C. From spiral to circular curv; 

(Rr) C. S. “ circular curv to spiral; 

(Af) S. T. “ spiral to tangent ; 

S. S. “ spiral to spiral (from one spiral to another). 

202. Alfnbeticnl list of symbols. In general, the functions of 

the final spiral are distlnguisht by the subscript, t. 

Figs Symbols Meanings 

81, 82 . C = the chord, A B, in ft, from T. S. to S. C.; 

Cn = “ “ , in ft, from T. S. to any given point, 

/*, on the spiral; 

c = the spiral chain used, in ft; 

C = A'- See A f below. 

81 . D =the sharpness of the central circular curv,RRr 

= (practically) the sharpness of either spiral at 
the point, B or Bf, where it joins the circu¬ 
lar curv; 

d = the sharpness of the spiral at any given point; 

81a. E — the external distance /' Vr of the entire curv, 

ABBfAf, when the two spirals are equal. 
So defined by Am Uy Eng Assn. Compare 
MI 238, 239. 

e = A?* Sec Af below. 

82,83 . F = the angle between the initial tangent, A V, 

and the chord, P r P", joining any two given 
spiral points; 

83. f = the angle, in V V", at any given spiral point, 

P\ betw the tan, P’m, at that point, and 
the chord, P' P", to another given spiral 
point, P"; 

f = A r- See A r below. 

81, 82, 84, 86. . 11 — the dist, A’ a, betw the tan, A V or A' W, and 
the parallel tan. a v, to the circular curv, 
a B (It Bf, produced) ; 

= the ordinate of the point, a, of the circular 
curv produced, referd to the T S. (Abscissa 
= %) \ 

i = A<- See A* below. 

k = the increase in spiral sharpness per 100-ft 
chord ; 

L = the sum, in ft, of the lengths of the 10 equal 
spiral chains; 

l = the sum, in ft, of the lengths of the spiral 
chains betw the T. S., at A, and any given 
point on the spiral; 

n = the number (1, 2, 3....10) denoting any one 
of the 10 chain pts on the spiral, count¬ 
ing from the T. S. as zero; 

= the number of spiral chains betw the T. S. and 
any given point on the spiral; 

q = the number of 100-ft chains betw any two 
given spiral points, P' and P "; 

81,82,84,86.. R = the radius of the central circular curv; 

8 = the number of 100-ft chains from T. S. to 
S. C.; 

s = the number of 100-ft chains betw the T. S. and 
any given spiral point; 
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81, 84 
82 ... 


Ta, Ti i = the initial and final semituns, A V and V B, of 
the spiral; 

U, U = the initial and final semitans for any portion _ 
of the spiral; 

. T, Tf = the initial and final semitangents, A V,, Y.Af, 
of the entire curv; 

. . X, Y = the abscissa and ordinate of the S. C. (B), 
referd to the T. S. (A) ; 

x,y = the abscissa and ordinate of any given spiral 
point, referd to the T. S. (A) ; 



81,82 . Z — . II' = abscissa of the point a, of the 

circular curv pioduced, referred to the T. S. ; 
(ordinate = H) ; 

81,82 . AorA*ori. See A< below. 

81,80 .. A c orc = sweep of central circular curv, B Bf •; 

81,84.86. A'ore = “ “ entire curv, ABBfAt; 

81 .Arorf = “ “ final spiral, Br At* ; 

81,82 ... A‘ort = “ “ initial spiral, A B* ; 

83. 6 — the sweep of any given portion of the spiral, 

beginning nt the T. S., (A) ; 

= the angle betw the initial tan, A V, and the 
tan thru any given spiral pt; 


See also next page. 


•Where only the initial (or the final) spiral is under discussion, 
It is usually convenient to designate the sweep as Ai but where 
the Initial and final spirals are dlscrist together, it may be 
necessary to distinguish betw their respectiv sweeps, and the sub¬ 
scripts are then used, with or without the letter, A- 










a, t, 
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81, 82 . 0 = the peripheral or “deflection” angle, V A B, at 

the T. S. (4), betw the initial tan, A V, and 
the chord, A B, of the spiral; 

6 = the peripheral or “deflection" angle betw the 
tan, A V, at A, and the chord from A to any 
given spiral point; 

SI. 82 . 4> = the peripheral or “deflection” angle, V B A, 

at the S C. (B), betw the final tangent, 
V B, thru the S. C., and the chord, A B ; 

<J> = the peripheral or “deflection'’ angle, at any 
given spiral point, betw the tangent thru 
that point and the chord from the T. S. 




Equations. 

203. Figs 82, 82'. Relations between I., 1, S, «, c, n and q. 

L = 100 S = 10 c; S - 0.01 L; <: = 0.1 L = 10 8; 

l — 100 s = nc; n — 1/c = 100 8/c; 

q = s" — s' = 0.01 c («" — »') 

s = 0.01 I = d/k = 0.01 cn = 0.001 nh .(121) 

204. Sharpness. I) or d. 

= Jc8 = 0.01 k L = 2 A/S = 200 A/£ .(122) 

ks = 0.01 k l = 2 3/# = 200 S/I = »A/5S 

= 0.01 ken .(123) 

205. Rate, fc, of change of sharpness. 

k = D/8 = 100 D/h - d/s = 100 d/I = 2 A/S* 

= (approx) 60//? 2 = 2 8/8 s = (approx) 6 ft/** .(124) 

See also eq (133) 
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206. Sweep. A or 5* 

A* = A + A' + Ar .(125) 

A = D S/2 = I) L/200 = k S 2 /2 = k L 2 /20,000 

= (10/n) 2 3 = (S/#) 2 5 = (L/l ) 2 6 

= (approx) 1.854 V Z/7/.(120) 

S = (1 s/2 = rf 2/200 = d-/1 k = A s 2 /2 = k I 2 /20,000 

= (»/10) 2 A = («/«) s A = il/LV A.(127) 

Peripheral or deflection angle, 0 or 6 . 

The angle between a tangent and a chord. 

For equations for field UNe, see fl 231. 

Value of deflection angle, 0 , at T. S., or beginning (A) of 

apirnl, betw the tan, A V, and the chord joining A with any given 
spiral point, /*, Fig 82' 

207. Let 6 = the sweep of the spiral between A and the given 
point, P, Fig 82'. Then, 

B approx* = 3/3 .(128) 

For the true value of 6 , we have, very closely, 

5/3 _ in seconds, = 0.00207 (5 in degrees)*. 

Thus, let 5 = 30° ; 6 approx = 30°/3 = 10°. Then :— 

5/3 — 6 , in seconds, = 0.00207 X 30* 

= 0.00207 X 27,000 

— 80.10 seconds 

or, 6 = (5/3) — 0.00207 (5°)* = 10° - 80.10 seconds 

= 30,000" - 80.10" =. 35.010.81" = 0°58'39.81". 

Taking 6 approx = 5/3, we have:— 

6 appro,, in degrees = 5°/3 = A-°« 2 /0 = d */ 6 .(129) 

0 appro,, in minutes = 10 k° s 2 = 10d°« .(130) 

Hence. Figs 81, 82. for the angle 0 = FIB, betw the tan, A V, 
and the chord, A li, from A to the end, It, of the spiral, we have:— 

©approx, in minutes, = 10fc°S 2 = 10D°S.(131) 

Value of deflection angle, 6 lt at the T. S. (A), betw the tan, 

A V, and the chord joining A with the firnt spiral point, n = 1. 

208. I^et (= 0.01 e), 6 X and 5! be the values of s, of 6 and of 
5, respectivly, for point n — 1, at the end of the first of the ten 
spiral chains. 

If A is l^s than 45° (as it always is, in practice), we have, 
from eq (127), for the sweep, 5,, subtended by the first Bpiral 
chain: 5 X < 0.45°; and, from eq (128) practically:— 

B l = 5 t /3 - <W« = #i 2 Jfc/6 = (0.01 c) 2 A/6. .(132) 

k = 6 »,/«,* = 6^(0.010* .(133) 

Prom eq (127), we have:— 

5, = (l/10)v A = A/100 .(134) 

8r,!i #, = S,/3 = A/300 .(135) 

From eq (130), we have:— 

61 , in minutes, = 10 k° (S/10) 2 — k S 2 /10 

= 1)° 8 /10 = D° 8 i .(136) 

Value* of the deflection angle*. F and f, betw a tan and 
the chord, P' P", joining any two spiral points, higs 83 a and 83o. 
Let 

F — the angle betw the initial tan, .1 V, and the chord, P' P "; 
f - the angle, at I", betw the tan, P'm, and the chord P' JP". 

•Degree of approximation. Error - 0.00207 (5°) 8 . 

When 5 = 1<>° 20° 30° 40° 50° 

Ejn-or ~ 2.07 23.8 80.2 100 371 secs 

1000 X error/5 = 0.08 0.33 0.74 1,32 2.06 
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xw. ivet 

d', d" = the sharpnesses at P* and at P", respectlvly; 

S' = the sweep betw A and P' 

= the angle, at V’, betw the Initial tan, A V, thru A, 
and the tan, V' m, thru P'; 

s" = the number of 100-ft chains betw A and P', and 
betw A and P", respectlvly; . 

q = 8" — a' = the number of 100-ft chains betw P' 
and P". 

Required, F and (/ = F — 6'.) 

210. Pig 83a.* From any spiral point, P', let a 'circular curv, 

P’ c, be run, with the sharpness, «' of the spiral at P\ This 
circular curv diverges from the tan, P* m, at P\ at the constant 
rate of d' degrees per 100*-ft chord; but the spiral, P' P", diverges 
from the same tan, P'm, at the constantly increasing rate of 
( d' + per 100-ft chord, where k = the increase in spiral sharp¬ 

ness per 100-ft chord.* Hence, the spiral, P' P”, diverges from the 
circular curv, P' c, at the constantly increasing* rate of k° per 
100 -ft chord; but this ft is also the rate at which the spiral, AP", 
diverges from the initial tan, A V, at A. Or (since any point in the 
spiral may be taken as P') let P' be taken at A* Then, at A, the 
initial tan, A V, the Ian thru P’ (now taken at A), and the circu¬ 
lar curv (here a straight line; sharpness, d', = 0°) coincide; and 
we have (with P' at A) : d' = 0; and 

spiral divergence rate from the tangent thru A 
= spiral divergence rate from the tangent thru P' (taken at A) 
= spiral divergence rate from the circular curv beginning at P’ 

(taken at A) = (d' + fc )° = fc0 - 

211. In q 100-ft chords from P', the circular curv, P’ c, describes 
a sweep of q d' degrees, and a peripheral or “deflection” angle = 
half q a '; or 

mP'c = q d'/2.(137) 



Fig. 83n. 


212. In the same distance, q, the spiral increases its sharpnesB, 
over that of the circular curv, P' c, by q k e ; its mean sharpness- 
increase is q k°/2 ; and its sweep-increase, over that of the circular 

•In Fig 83b, the spiral sharpness increase rate, ft. Is negative 
4. e. t the sharpness decreases from P' toward P", and the spiral 
diverges from the circular curv at a decreasing rate of (d — ft) 
per 100-ft chord. Also, in Fig 83b, if P' be taken at A, then P 
also is at A. 
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curv, is q(qk°/2) — q 2 k°/2; but tbe divergence, cP'P", of the 
spiral chord, P’ P", from the circular curv chord, P* c, is only one- 
third of q 2 k°/2 (see eq 128) ; or 

cP'P" = q 2 k/6 .(138) 

213. Now 


f = F — S' = m P' P" 


mP'o + cP'P" 
q d '/2 -j- q 1 k /6 
Eq (137) Eq (138) 



Value of f In termn of 0 X . 

214, Let m = f/8 x . From eq (140) and eq (132) we have:- 


t_ 

h 

or f = mO x = 


2 d’ + d H 

rfl 8 X 

2 <T + d" 



Q 


( 142 ) 
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215. Thus, let c = 20 ft ; k = 2°. 

Then, s, = 0.01 c = 0.2, and rfj = *i fc = 0.4° ; d,= 
= 0.08; = f/i«j/C — 0.0133_; and, for instance ; 

















“spibal” deflection angles. 975 


219. Figs 81, 82. Value of deflection angle, 0 . at A, betw 
the tan A V and the chord A B. Let the successlv values of Fa, 
thus found, be 

AAA 
F x = - ; F, — 7 - ; F s = 19 -; etc; 

300 300 300 

and let x u x 2 , x 9 , etc, y u Vi, V*, etc, be the co-ordinates for the points, 
n = 1, n = 2, n = 3, .. .« = 10 (point B). Let L = the sum of 
the spiral chains, in ft; c = L/ 10. 

Then 

x x = c cos F a ; t/i = csinFi 

x 2 = c (cos F, -f cos F t ) : 1/2 = c (sinFj 4-sinF 2 ) ..(147) 

etc. etc. 

Y sin F, -f sin F x 4- ... sin F, 0 

Tan © = tan V A B = — =-• • (148) 

X cos F, + cos F* 4- • • • eos F 10 

From values of functions of ©, thus found, the value is derived: 

A \ 

— — 0)in seconds = 0.002 97 (A in degrees)* 

3 / 

© = A/3 — [0.002 97 (A 0 ) 8 ] seconds .(149) 

Value of the deflection angle, <!>, at the S.C. (F), 
betw the tan V /» and the chord A B. 




Fig. 82'. (Repeated.) 


220 . Figs 81, 82. Necessarily, A = 


— (0.002 97 (A in degrees) 8 seconds*) 


4> = - A -1- ^0.002 97 (A in degrees) 8 seconds* J .(150) 

Practically*:— 4* = 2 A/3 = 2© .(151) 

Similarly, Fig 82', in any portion, .4 P. of the spiral curv, 
APB, said portion beginning at the T.S. (.1), we have, 
practically :— 

5 = e + <I> ; 

e - 5/3 ; 

0 = 2 5/3 = 2 6 .(151') 

221. Relations between H, L and Z. Fig 82. 

IP IP D 

H = approx - = — . — = 0.0727 8*2) ..(152) 

24 R 24 5730 


L = V24KW = 4.9 \RH = 4.9V5730H/D 

= 371 V H/0 .(153) 

A = 0.005 D L (eq 128) = 0.005 D 37lV ff/D (eq 153) ; or 

A = 1.854 SDH .(154) 


♦See ’note, p971. 
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215. Thus, let c = 20 ft ; k = 2°. 

Then, s, = 0.01 c = 0.2, and rfj = *i fc = 0.4° ; d,= 
= 0.08; = f/i«j/C — 0.0133_; and, for instance ; 

















SELECTION OF “SPIEAL.” 977 


Selection of spiral. 

227. Fig 82. The selection of the length, L, of the spiral may be 
restricted by the value of H, as determine! by topographical or 
other conditions. We then have (eql53), for length of spiral:— 

L = V'24 R H; 

where R = radius of circular curv. 



Fig. 83»/ a . 


228. Fig. 83%. Where the choice of spiral is not thus restricted, 
the length, L, is determiiul by the superelevation, e, in ft (or 
R in inches) on the circular curv. and by the rate, r, of run-off in 
it of line per ft of e (Hfl 100-103) ; thus (eq 117) : — 

L = cr = 0.3273 V* r/It - 0.1522 v s r/R = 0.1522 v* t/R _(174) 

where t = r/v = time, in seconds, during which the outer wheel, 
on the runoff, would rise 1 foot. 

The Am Ry Eng Assn rule, eqs (175), gives t < 5.45 when 
V ■=■ 45 miles/hr, and superel = 8 ins = 2/3 ft. 

229. The Am Ry Eng Assn (Manual, 1015, pp 131-132) recom¬ 
mends — 


On curvs which do not limit the speeds of trains:— 

L < 300 or L < HVuCu .(175) 

On curvs which limit the speeds of trains:— 

When D < 6°, L < 16 V h / 3 ; when D <6°, L < 240... (176) 
where 

L = spiral length, in ft; 

Vu = ultimate speed, in miles/hr; e u = superel, in ft, for 
F 8 = speed in miles/hr calculated for an elevation of 8 Ins. 


I ~ 8 R ' 
~~ \ 3.028 


(see eq 118). 


With V = 45 miles/hr, and superel, E, = 8 ins, or e = 2/3 ft, 
each of these rules gives L < 240 feet. 


230. In practice, and in order to avoid the use of suh-chains In 
the spiral, a length deviating somewhat from the calculated length, 
L, of spiral, may be used. 

For instance, with 11 = 0.6 ft, circular curv 5° (jR = 1146.3 ft), 
we have (eq 153) L = V 24 R H = 513.9 ft. 

With Y — 50 m/h, on a 6° curv (R = 055.4 ft), rate, r, of 
run-off = 600, we have (eql74) :— 

1 - r 0.3273 V s /R = 513.9 ft. 

In either case, we may use 500 ft (10 chains of 50 ft> or 510 ft 
(10 chains of 51 ft) or 525 ft (10 chains of 52.5 ft), etc. 


Location. 

Condensed results, for field UBe. 

By deflection angles. 

231. The spiral may be conveniently located by turning off “de¬ 
flection” angles from a tan, as in locating a circular curv : but, in 
thus locating a spiral, the suceessiv increments, in the total deflec¬ 
tion angle turnd off from the tan at a given inst point, increase 
regularly, instead of being constant as in the case of a circular curv. 


36 
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215. Thus, let c = 20 ft ; k = 2°. 

Then, s, = 0.01 c = 0.2, and rfj = *i fc = 0.4° ; d,= 
= 0.08; = f/i«j/C — 0.0133_; and, for instance ; 

















979 


LOCATION OF “SPIEALS.” 


Example. Given 

o = spiral chain length, = 20 ft; 

k r= Increase of spiral sharpness, d, per 100-ft chord, = 3*, 
Then :— ... 

Eq (121) Length, L, of spiral, A B, in ft, measured along spiral 
chains, = 10 o = 10 X 20 = 200 ft; 

Number, 8, of 100-ft chords in L, = approx 0.01 L = 2; 
Eq (122) Sharpness, D, of spiral at the S.C. (i?), = approx kS = 
3° X 2 = 0° ; 

Eq (126) Sweep, A. of spiral, A B,— approx DB/2 = 6° X 1 = 6°; 
Eq (120) Defl angle, © = V A B, = app A/3 = app 2° ; 

Dell angle, $ = V B A, = apo 2 A/3 = app 4°. 

Required the deflection Jingle, f, from the tangent, P 1 m t at 
the point P' to another spiral point, f 
Here, eq (132) 

e i - (O.Olo)*fc/6 = 0.04 X 3°/6 = 0.02°; 

and (from table above), Fig 83a. sighting from 

/", (n = 5) to P", (it = 8), in = 54. 

Hence, in this case, 

f ( = m $i ) - 54 X 0.02° = 1.08°. 

Again, Fig 83l>, sighting from P\ (n = 8) to P", (n = 5), we have 
f ( = mh) = 63 X 0.02° - 1.26°. 

234. Values of m etc, In speciul cases. Figs 82, 83. 

(a) When the Inst point, P', is at the T.S. (A) or point n = 0 
(Top line of table fl 233). 

Figs 82, 83a. When sighting (forward) from A to any other 
spiral point, P", of number n, eq (142) becomes 

2 </' + <l" k h" 

vi — q - = 0.01 c if - = n - 


dx 8i 


0.01 fc c. 0.01 o 


0.01 c 


= n *; 


and 6" (6 for point P") = m 0 X = n*^. 

Hence, when P" is at the S.C. (1), or n = 10), we have m ( = n*) 
- loo, and 0 ( = V A B) = 100 6i = approx A/3.* 

(ft) Fig83b. When the point, P", sighted (backward), is at the 
T.S. (A) or point n = 0 (Column headed T.S.). 

When sighting from any other point, P', of number ft, to A, we 
have, approx, eq (151'), <p = 2 6. 

Hence, when the inst point, P', is at the S.C. (B, or n — 10), we 

2 

have «*> ( = V B A) = 200 0, — approx 2 0 = — A-* 

8 


By offsets from the initial tangent, A V. 

235. Fig 82. The offsets, x and y (eqs 147, 158, 159) to each 
of the points in the entire spiral A B, may be measured from the 
initial tan, A V. 

Or. make the offset. A' M , for the middle point, M, of the spiral, 
= A'a/2 = H/2 01222), and the remaining offsets proportional to 
the cubes of their dists from A and from B respectivly, measuring 
the offsets for the first half of the spiral inward at right angles 
from the tan A V, and the remainder radially outward from the 
circular curv, a B. 

By offsets from long chord, A B. (E. S. M. Lovelace, Can¬ 
adian Soc Civ Engrs. Reprinted in Engng & Contractg, 1914 Mar 
25). 

236. Fig 82. Let 

h = the normal offset from the long chord to any given 
point in the spiral; 

H = dlst betw parallel tans, A V and a v: 

n = number of spiral chains betw the T. S. (A) and the 

given point; 

y = number of spiral chains in the spiral. 


•See foot-note *. p»71. 
67 
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238. (b) Fig 86. Retaining the original middle point. P’, 

and shortening the radius from R' to R. The line is changed from 
ifl'P' to A B P\ Having determlnd ( 227 &c) the length, L, 

L a 

and A' a = H = - ; 

24 R 



Fig. 8C. 


A« = entire sweep, = 2 arc a P' = 2 angle a OP'; 

A" M (Fig H6«) ~ max shift of center line of track; 
a' A ' rr shift of point a' of circular curv, toward Intersection, 
V,; and 
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much used during fogs, snow, storms, etc, when visible signals can¬ 
not well be seen. They are largely used also as un auxiliary to 
back-flagging, to protect the train ahed while the flagman is re¬ 
turning to it, or in case the following enginman fails to see him. 

Flxt Signals. 

7. Disc signals give their indications, by uay as well as by 
night, solely by means of color, and not by form or position. Each 
disk sig is usua'ly enclosed in a case, shaped like a banjo (whence 
the name, “banjo” signal) and provided with a glass face. For 
dav use, the sig proper consists essentially of an opaque colord 
disc. If this disc Is seen thru the glass face, it indicates “stop” 
when red, or "caution"* when green. To indicate "proceed”, the 
disc is swung to one side, leaving a white background showing 
thru tlie glass face For night use, a colord glass disc indicates 
"stop” or "caution” by appearing in front of a lamp; or "proceed” 
by being withdrawn, leaving the lamp to show thru a clear glass. 

S. Seinnfors. Signals are usually of the semnfor type, see Figs 
7 to 12. incl, each consisting of a movable arm or “board”, about 
•T long and JO" wide, pivoted and mounted on a post or other 
suitable object. 

0. Home Signal. A home sig is one at which the train must 

slop when the sig is sot tor “stop” It is placed usually at the 

entrance to a block, or immediately before reaching a switch, de¬ 
rail. crossing, drawbridge, or other object to be garded. When 

horizontal, such a sig indicates “stop", and by night tlie hor posi¬ 
tion is indicated by a red glass, which appears in front of a lan- 
icrn, thus showing a red light for stop. When inclined, the sig 
indicates "proceed”, and shows, by night, a light of some color 
other than red. See also “Signal aspects”, If H 17, 32 and 33. 

10. Distant Signal. A “Distant" or “caution”* sig, when pro¬ 
vided. is placed at some distance (usually several thousand ft) “to 
the rear of” (belore reaching) the "home” sig it relates to. and 
indicates the posit inn of the borne sig. which may be out of sight. 
It thus gi\s the enginman advance information regarding the home 
sig. and makes possible faster or safer running. The indications 
of the home and dist sigs always simultaneously correspond, un¬ 
less a train is on the track between the two, in which case the 
dist sig show.-, “caution"* altho the home sig may be at “proceed”. 





Fig. 7. Fig. 8. Fig. 9. 

11. Disposition of sigs. The home sig and the dist sig for 
tiie block ahed, are usually mounted on the same post, as in Figs 
7, 8 and !); the upper one being the home, and the lower tlie dist 
sig. 


♦“Caution” is a term here used somewhat loosely, tho conven¬ 
iently, to denote its usual or approx meaning: “proceed prepared to 
stop at next signal”. 
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18. Raising the arm iuto the upper left -hand quadrant, is com¬ 
ing largely Into use on electric railroads, and has the advantage 
of placing the sig at the same angles as in the old familiar lower 
right-hand quad, and is more redily placed so as to be visible 
among telegraf or trolley poles. 

10. Flash signals, for use at night, are being tried, especially 
abroad. The illuminant is usually acetylene gas, and each lamp is 
arranged to flash periodically (much as certain light-house lamps 
flash) usually burning for about 0.1 second, and being extinguisht 
for from about 0.3 to O.J) second. They appear to he reliable and 
economical, and assist in distinguishing sig lights, in general, from 
other lights foreign to the railroad, and for distinguishing betw 
different kinds of sigs. 

20. Light signals, with which no seraafor is used, are econom¬ 
ical in first cost, and have no moving parts, aside from those of 
the relays that control them. They are used in subways and tun¬ 
nels, where a semafor could not well he seen ; and to some extent 
on electric surface roads. Where used in daylight, each light 
should he accompanied by a hood or other means for preventing 
the direct rays of the sun from falling on the lens glass, and by 
a screen or shield or other large dark object, to attract attention 
to the sig. make it more redily visible, and so reduce the chance 
of its being ovcrlookt. See also “Two-light signals", H 16. 

21. Light and flash signals are being experimentally Combined. 





Fig. 13 

Double Track 



Fig. 14 Fig. 15 

TraiU'W Point Two Home and 

Croat-over One Dutant 



22. Locations of NignalM. Fixt visible sigs are usually placed 
to the right of, or directly over, the track to which they relate. 
Figs 13 to 17, incl, show diagrammatically certain typical sig 
arrangements, selected from those given in the Ry Sig Assn's 
“Signal Dictionary”. 

TRANSMISSION MECHANISM 

23. Signals and switches are conveniently operated from a cen¬ 
tral point, as a sig tower: and means must be provided for con¬ 
necting them with it, and for controlling them from it 

Hand operated 

24. Mechanical connections for hand power operation are 

made usually by pipes (used as rods) or by wires. 
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25. The pipe is usually of wrought iron or steel, one inch diam. 
Since it can transmit cither tension or compression, only one pipe 
is needed (in general) for each sig or switch. The lines of pipe 
are usually carried upon and held in line by means of rollers held 
in frames. Where sharp turns must be made, the pipe ends are 
connected by means of bell-cranks, B, Fig 18 (not to scale), or 
by means of curvd deflecting bars, D, running betw rollers. 



FiK. 18. 


26. CompenNatorM. Since even moderate cnangcs in temper¬ 
ature materially alter the length of a pipe line, and disarrange the 
adjustment, the pipe lines are divided into sections, and the sects 
Ire connected by means of “compensators" or "lazy-jacks", C, 
tvhick neutralize the effects of temp-change, without affecting the 
tig movements. Fig 18 represents a line of pipe, leading from the 
sig tower, T, thru a deflecting bar, I), a “compensator”, C, and a 
bell-crank, B, to a switch or sig, S. The dotted lines show the 
positions of the compensator members when the pipe line is ex¬ 
panded by heat. 

Power 

27. Power operation may be effected either by comprest air, con- 
veyd thru pipes to cylinders, in which it acts upon pistons con¬ 
nected with the sigs or switches; or else by electricity, conveyd 
by wires to electric motors (or to solenoids for small sigs). The 
comprest air. or electricity, which oprrates the sigs, is controld 
usually by means of relativly light electric circuits, or, in the 
all-pneumatic apparatus, by relativly low-pressure air. In either 
case, the power is controlled thru relays. 

28. All-electrie systems are coming largely into use. They have 
the advantage that no special air-compressing plant is needed; and 
various comprest air troubles are eliminated. 

SYSTEMS 

29. Time interval. Under this syst, a train must be given a 
headway of say 5, 7 or 10 mins, before a following train is per¬ 
mitted to proceed; tbe supposition being that, if the first train is 
unexpectedly stopt, the time interval is sufficient to permit the 
flagman to flag the following train; but the system, at best, is far 
from safe. 

30. Space-Interval or block. Under this syst, the length of 
the road is divided into sections called blocks, of suitable lengths, 
and where absolute blocking is practist, no two trains are per¬ 
mitted to be in one and the same block at the same time. ' The 
block length may vary widely from abt one mile or less to 5 or 10 
miles, according to density and character of traffic. 
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31. PermlsHiv. Under perraissiv blocking, a train is per¬ 
mitted to pass a block sig showing “stop”, with the understanding 
that it is to run only at such diminsht speed that it can be stopt 
at the first point which cannot be passed with obvious and certain 
safety. This permits a larger train operation with a given block 
length ; but it is less safe than absolute blocking. 



Fig. 20. Newer Standard; “Z-poeition", upper-right quad. 


32. Signal aspects, as frequently applied to block signaling. 
Figs 11) and 20 illustrate, for given conditions on a given line, 
the sig positions, tinder the “two-position” and “three-position” 
Remit for sysls, respectively. A B, BC and CD represent blocks. 
Under either syst, the train, in block CD, is protected by the 
home sig at C, behind it, set at “stop”; but at the same time, a 
train may enter block B C at B, under the “caution” sig there; 
or a train may enter block AB at .4, without restriction; tne 
sig. at .1, indicating not only “proceed”, but also “next sig beyond 
is clear”. 



Fig. 21. Normal “Clear" <Z-pos.) 


= 4 ^ 


m 


Fig. 2 2. Normal “Danger” IZ-poa.) 


u 21 an d 22 Illustrate, for given conditions on a given 

line, the semafor positions in the “three-position” syst, under th* 
•normal clear” and “normal danger" systs, respectivly. Under 
the normal clear” syst, the sig, controlling a block, always shows 
clear when the block is clear, whether or not a train is about to 
enter the block. Under the “normal danger” syst, the sig remains 
at danger (whether or not the block is occupied) until a train 
approaches the sig, to enter the block; and then, of course, the 
sig is clean! only if the block is actually clear. These diffs are 
shown In blocks AB and BC. 


34, Telegrnf block or manual block. Under this syst, a man 
is statlond at the end of each block; and, when a train passes 
from one mock to another, the man at the passing point com¬ 
municates the fact, electrically, to the men at such other points 
as may be necessary. The men, so advised, then display the neces¬ 
sary sigs. 

35. The telefone is largely displacing the telegraf for such 
signaling, and for train dispatching generally. It is commonl, 
used iu conjunction with selector systs, see 71. 
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36. Controlled Manual, or Lock and Block System. To re¬ 
duce the chances of error of operation in telegraf or manual block 
gysts, arrangements may be instald, which require the simultane¬ 
ous action of both men in making or breaking electric contacts, 
before the sig can be set to "proceed". 

37. Automatic locking. To gard against an agreement 
between the two men to open the block when it is not actually 
clear, “track instruments”, or the "track circuit" (see U 50) may 
be so arranged that this agreement cannot be made until the train 
has actually past out of the block. 

38. Staff System. This method Is especially applicable to single 
track roads. At each end of a block Is a receptacle, containing a 
number of metal staves or rods. The two receps are so arranged 
and electrically connected that only one staff may be taken from 
the receps; and this staff must be returned to one of the receps 
before another staff can be taken. The staff is the train's permit 
to travel over the block, and is carried by the train When the 
train leavs the block (at either end), the staff is placed in the 
recep at that end; rendering it again possible to remove one staff 
from the recep at either end of the block. 

39. Special provisions may be made, to operate the ma¬ 
chines under "permissiv blocking”, and to provide for the return 
of "helper" engins; but this still does not permit two complete 
staves to be out of the receptacles at the same time. 

MANIPULATION 

40. Manipulation may be either “initUitiv” or “ interlocking ”, or 
both. (See 11 3a.) 

41. Inltiativ manipulation may be either that effected by ewi- 
ployccx, or (either mechanical or electrical) by the train a themselvs 

43. Interlocking manipulation (part of which may be in the 
"Transmission”) is that of automatic devices, designed to prevent 
improper operations. It may he accomplisht either by purely 
mechanical movements, by electricity or by comprest air. Where 
even a few sigs and switches are operated from one point, collision 
of trains may bo caused by errors on the part of the operators. 
In order to prevent this, the levers and rods are so groupt, and 
provided with additional sliding pieces, eald "dogs”, or with elec¬ 
tric contacts, locks, etc, that (in so far as possible) combinations 
or settings, which might endanger trains, are mechanically pre¬ 
vented. 

43. Mechanical. Thus, (here considering mechanical inter¬ 
locking as an illustration) at a double-track crossing, when all 
the sigs show "stop", any one sig may be made to show "proceed" ; 
but, as it does so. the rod, connected with its lever, moves such 
dogs as will lock the levers of the sigs governing the tracks which 
cross its track. Thus, if the sig for a westbound train is cleard, 
the two sigs for northbound and for southbound movements are 
thereby iockt at "stop”; but the sig for the eastbound track is 
left clear; because both eastbound and westbound trains may of 
course pass over the crossing simultaneously while the northbound 
and southbound tracks are Iockt at "stop”. 

44. Conversly, northbound and southbound trains can be 
given clear sigH only after the eastbound and westbound sigs bar 
been set at "stop” and Iockt in that position. 

45. The fundamental principle, here illustrated by a simple 
example, is carried out into very great elaboration. 

46. Derailing switches. To prevent collisions due to an en¬ 
gineer inadvertently passing a signal showing "stop", a "derail" 
is frequently employed where practicable. This is usually a half 
switch (the inner "point”), which, when "open”, is sufficient to 
gide a train off the rails and onto the ties; or, where elaborated 
for passenger traffic, it may be a complete switch leading to a side 
track burled in sand, or provided with other means for stopping 
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the train with a minimum of damage. Such a derail la so Inter¬ 
lock with switches and sigs as to prevent its being “closed” for 
normal running, unless all other related switches and sigs are bo 
set as to make it safe to do so. The derail produces a very whole¬ 
some effect upon any tendency of the engineer to “take chances” 
or even to forget a signal set at danger. 

47. Scotchblock. Other derails, commonly used on freight sid¬ 
ings, etc, consist of a movable metal piece, so shaped that when 
placed over the rail, it will lift and gide the flange over the rail 
to the outside of the track. 

48. Switch-locking. Fig 23, (not drawn to scale, and showing 
essentials only). In addition to the switch lever, there is usually 
provided a locking lever, which can thrust a pin, -4, thru either 
one of two holes in the bar, B, only when the switch-points, C and 
O, have made their complete movement in either direction. If, 
as by an accumulation of dirt or of ice, the switch-points have 
not been brought home, neither hole In the bar, B, is brought 
opposit the pin. A, and the pin cannot enter the hole; and, since 
the locking lever is in turn Interlock with the signals, these can- 









JEig. 24. See- along X-Y 




not be cleard. Connected with the locking lever, is also a 

40. Detector bar, E, Fig 24, whic]} is so connected with 
the locking lever that the bar must rise above the head of the rail 
as the locking lever is moved. This it cannot do if there are 
wheels on the switch. Thus, it is practically impossible to change 
the setting of a switch while a train is passing over it. 

J2_ 


Fig. 25. 

50. The Track Circuit affords a ready means of Hafely accom- 

f dishing many automatic Big operations, and much interlocking, or 
ts equivalent; displacing many block sig towers, and clumsy and 
unwieldy all-mechanical interlocking plants. The fundamental prin¬ 
ciple of the track circuit is shown In Fig 25, which shows the 
two rails of a single track in a “block” or other section, A B. 
This section is electrically Insulated from adjoining sections by 
heavy wood or fiber insulated fish-plates, indicated at A and B 
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At one end of the section, is a battery, T, one wire of which is 
connected with one rail, and the other wire with the other rail. 
At the other end of the section is an electro-magnet, M, similarly 
connected. The armature, R } of this magnet, carries one or several 
contacts, some of which, C, are made, and some, C, are broken 
when the armature is attracted by the magnet. 

51. Let the track circuit, A B, lie complete, and let there be 
no cars on the track. Then the current, from the battery, T, 
energizes the magnet, M; the armature is drawn toward the mag¬ 
net, and the upper contacts. C. are closed, clearing the signal, 

at B. But if a train, or any pair of wheels, TV. is on the rails 
between A and B, the current from the battery, T, will be short- 
circuited thru the wheels, back to the battery, thus robbing the 
magnet, M, of current, and causing its armature, R, to drop, and 
the sig, S, to show "stop”. Also, if, thru accident or otherwise, 
the circuit is broken anywhere, if any short-circuit occurs, or if 
the battery fails, or if any metallic object touches both rails betw 
A and B, the sig will show "stop". 

52. The adjustment is such that, normally, the current, 
energizing the magnet, Al, will suffice to attract the armature, R, 
In spite of losses thru ballast, water, snow and ice, altho the 
practically total short-circuiting, caused by a pair of wheels, W, 
betw A and B, will certainly drop the armature, and set the sig at 
"stop”. 

53. Stray direct currents from nearby electric roads, or 
the direct return currents of electric roads themselvs, when the 
rails are used for track circuits, may "clear” the signal when it 
should not he cleard ; hut the use of alternating currents, for sig¬ 
naling, practically removes such danger 

54. The Relny, MC, Fig 25, connected with the track cir¬ 
cuit, is usually made to serv a number of purposes simultaneously, 
by means of its several contacts. When the armature drops, it 
may break several circuits and set several signals to “stop”, and 
it may also share in 

55. Electric Interlocking:. Where electricity Is used for the 
control, and either electricity or air is used for the power to 
operate, the switch and sig levers control merely the making and 
breaking of electric contacts and operate a comparative small 
interlocking machine; and are therefore usually less than a foot 
long. In different makes, the levers move in different ways. But 
the main features are common to all types. 

53. Train Interlocking:. The mere presence of a train, on any 
section of track provided with a track circuit, may be arrangd, 
thru its relay, to break the circuits of any sig or sigs leading to 
that track. This does away with the necessity for the clumsy 
“detector bars” at switches. 

57. All-pnenmntic interlocking has been used to some extent, 
in which valvs take the place of electric contacts, and diaframs 
or pistons take the place of magnets and armatures. 

Traln-controld signal operation 

58. Automntlc Signals have proven very successful. They de¬ 
pend primarily upon "the track circuit”, paragraph 50. When 
the head of a train enters a block, the sig It has past immediately 
shows “stop” against any train that may follow. When all of 
the train has past onto this block, the second block and sig 
behind it are “eleard”. This sequence is produced automatically, 
and Is continued indefinitely from block to block, operating distant 
sigs as well. Moreover, the mere presence of any train, or even 
of a pair of wheels, on any part of the track of a section of track 
circuit, will maintain at “stop” any sig or sigs governing any 
entrance to such section. In the best practice, as shown under 
“Electric Interlocking”, fl 55, the track circuits are interlock^ 
thru relays, etc, with any switches or crossings that would he 
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involvd. If a train has enterd a block, no siding switch can be 
opend leading into that block; and conversely, once the block is 
cleard, and a siding switch is opend, all sigs leading to the section 
will show “stop”. 

59. Single-track Automatic. Automatic signals, as they were 
at first applied to single-track operation, would permit two trains 
at opposit ends of a stretch of single-track, to leav their sidings 
and run toward each other, where the single track, between sidings, 
was long enough to contain a number of blocks. No collision would 
result, however, because each train sets or holds, at "stop”, not 
only the sigs which it passes, but also enough of the opposing 
signals ahead of it, to prevent collision ; but one train or the other 
would eventually have to back out to the siding It had left. 

60. “\hsolutc-permiMhlv”. In this system, however, a train, 
entering either end of a length of single track, will hold, at “stop”, 
all the opposing sigs ahed of it in that length. Other trains may 
follow it, as in ordinary double-track automatic signaling. 

MISCELLANEOUS 

Reliability 

61. Reliability of railroad sigs generally has been developt to a 
very high degree. All devices, as far as possible, are so arranged 
that any conceivable failure will cause the sig to show "stop”. 

Indicators 

62. indicators of various types are used, and for several pur¬ 
poses. They are usually miniature models of sigs or switches or 
track, and indicate to the signalmen or yardmen the condition or 
position of the objects represented, but which may not be visible. 

Other Methods 

63. New methods of train control, by means of sig apparatus, 
are being developt, along lines radically different from those here 
described, and based upon other fundamental principles. These 
involv, in the main, various combinations or developments of the 
automatic stop, (fl 04) time or speed control, and cab sigs. Some 
of these methods are in highly successful use; but, as this portion 
of the art of signaling is in a transition state, we refrain, for the 
present, from discussing it more fully. 

64. Automatic Stop. The effect of the nut stop, upon the 
motorman. is similar to that of a derail (1146). If he does not 
stop before reaching either of these devices, he is almost surely 
detected and discipllml; whereas, otherwise, he may repeatedly 
pass a sig, undetected, until the habit is developt to a dangerous 
degree The high cost of the ant stop, and dout as to Its reliability 
under the severe weather conditions existing upon exposed steam 
roads, have retarded its adoption for such servis 

65. “Smash” signals are sometimes used at the approaches of 
draw-bridges and at other particularly dangerous points. A smash 

*u 00 2 slsts an ann or board, which extends out over the 
path of the car at such position as to clear trains when it shows 
clear ; hut, when set for the “stop” position, it will strike some 
part of the locomotlv or car. The impact smashes the sig (whence 
its name) and may likewise leav a mark on the loco, thus Identify¬ 
ing the guilty driver. 

66. Street and electric railway signals. The increasing size 
and speed of street and interuvban electric rolling stock, have 
made desirable the replacement of primltiv methods by high-grade 
apparatus The use of the rails for the return of the power cur¬ 
rent, however, makes track-circuit signaling either unreliable or 
expensiv: so that it has been usual to utilize the passage of the 
trolley wheel under a special contact placed on the trolley wire, 
for setting the sigs. 



992 


EAILEOADS. 


67. Fig 26 represents a block of single-track line, with a 
alg and passing-place at each end. When the block is clear of 
cars, the apparatus is “neutral”. Suppose now a car to be ap¬ 
proaching from the left. Passing under the "contactor”, at B, this 
car sets the slg, E, at “proceed”, at the same time setting sig F 
{at the far end of the block) at “scop”, aud advancing a "counting 
wheel”, at each sig, one step or notch. 



Legend: | I Neutral: 


[O] Proceed; ® Stop. 
Fiji. 20. 


68. Sig F being now at “slop", no cars may enter the block 
from the right: but a following car, approaching from the left, 
may enter the block past the "proceed" sig at E, the motorman, 
however, regarding it as a caution sig, aud observing that it 
"blinks”, indicating that his car has been “counted in" And so 
on, with any other following cars, arriving from the left 

69. But, as each car leaves the block, passing the contactor, 

D, the counting wheel at each sig is set hack one notch or step; 
until, when the last car has left the block, the wheels have been 
set back to zero, and both slgs, E and F. are autom'y restored to 
“neutral”. * 

70. Among recent refinements are devices for preventing 
the showing of “proceed” indications at both ends of a block 
simultaneously, even tho two cars, at opp ends of the block, make 
their respectiv contacts simul'y; for ensuring proper counting, 
even when reverse movements are made. for preventing disturb¬ 
ance of the counting wheels thru throwing off or restoring the 
power current; for applying tho syst to single-track block sigs 
with overlap: and for the extension of the syst to include move¬ 
ments from a third point, as a siding. 

71. Selectlv signaling enables a train dispatcher to sot any 
one or more of a largo number of sigs, visible or audible, and thus 
to get Into communication with some one or more station agents 
or train crew's. 

72. The dispatcher is provided with apparatus with which 
he can send out, over a wire (which connects with all the sigs), 
electrical impulses at accurate predetermind intervals; or pre- 
determind combinations of impulses, as in fire alarm systems. Each 
slg is differently adjusted to respond only to a given kind of 
impulse. 

73. Tf the sig is a visible one, it Is set to show “stop", 
sends a “return indication” or “answer-back” to the dispatcher so 
that he may be sure the slg has been set. and is autom’v loekt in 
that position. It can be set to “clear” only with the co-operation 
of the dispatcher. The conductor of a train that has been stopt 
by the sig, telefones the dispatcher; and the dispatcher, when satis¬ 
fied that his instructions hav been understood, so operates his 
apparatus that the sig is unlockt, enabling the conductor to "clear” 


74. Highway Crossings Alarms. The alarm Itself may be 
either a bell or other sounding device, or lights or illuminated 
signs, or both. The alarms are usually controld electrically by 
means of track circuits, and various complex arrangements of 
relays often Interlocking with each other. 
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75. A crossing slg, utilizing the vertical flexibility of the 
rails, eliminates most of the difficulties due to irregular train move¬ 
ments. etc, and provides its own actuating power. The device ia 
••direction sensitiv". requiring a train movement in the right direc¬ 
tion to giv the alarm, and the alarm stops autom’y when the train 
stops. 

76. Uae of signals, January 1, 1911 and 1915, as given by the 
Interstate Commerce Commission. 

(A “line-mile,” or road-mile, = a mile of roadway, whether occu¬ 
pied by one track, or by two or more tracks. A “track-mile” = & 
mile of atnqle track Thus, there are two “track-miles” in a “tine- 
mile” of double track.) 



In use, in 1911, on 

In use, in 1915, on 

Kind of signaling 

Line- 

miles 

Track- 

miles 

Line- 

miles 

Track- 

miles 

Exposed disc 

Enclosed disc (“Banjo”) 

323 

1,921 

537 

3,806 

257 

1,356 

391 

2,961 

Semafors, 

Electro-pneumatic 

Eieetro-gas 

Electric motor 

434 

919 

14,108 

1,391 

2,018 

21,339 

433 

891 

26,575 

1,392 

1,890 

42,409 

Total 

15,521 

24,748 

27,899 

45,691 

Normal clear 


23,059 


41,667 

Normal danger 


6,093 


7,753 

Total automatic block sigs 
Total non-automatic block slgs 

17,710* 

53,558 

29,152 

63,506 

29,864 

66,745 

49,442 

74,673 

Total auto & non-auto " “ 

71,209 

92,708*1 

96,609 

124,115 

Total passr lines operated 


195,922 

193,180 

223,081 

Percentage block slgnald 
Telegraf 

Telefone 

Electric bells and controld 
manual 

Electric train staff 

41 4* 
38,613 
12,199 

3,212 

346 

47 3* 
44,542 
15,038 

4,357 

347 

50.0 

37,938 

28,364 

2,883 

388 

55.6 

41,174 

32,851 

3,622 

407 

No of block sig stations 9,912 

No. of block sig stations closed part of time 3,751 

Number of block sections 29,881 


11,496 

5,799 

51.690 


77. Costs of slgs, prior to 1911, as given by Special Committee 
on Relations of Uy Operation to Legislation, 1911, Nov. 14, as 
result of enquiries and replies reeeivd from railroads operating 
about 80% of all track iu U S eqmpt with block signals. Prom 
Ry Age Gaz. ’ll Nov. 17. 

Installing, per mile of track: 

Automatic, $1,140; Non-automatic, $248. 

Maintaining, automatic, per year; 

$169 per mile of track; $09 per signal blade. 

Costs for installing during 1911 were 10 to 40% greater than 
above, due, probably to the introduction of greater refinements. 

•Substantially correct, notwithstanding insignificant discrepant 
cle8 betw dlff tables in the I. C. C. Reports. v 
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YARDS AND STATIONS 

1. General. Yards, stations and terminals* consist of tracks Id 
addition to those of the main line; buildings and various facilities, 
for expediting the shifting and general handling of locomotivs, 
cars, freight, passengers, baggage, etc. They may consist merely of 
a small statlou, a single siding and a freight house; or may in¬ 
clude large freight and passr stations, and dozens of tracks, and 
cover an area a mile or more in length 

YARDS. 

2. Definition, (Am Ity Eng Assn). “Yard.— A system of tlacks, 
within defined limits, provided lor making up trains, storing cars, 
and other purposes, over which movements not authorized by time¬ 
table or by train-order may lie made, subject to prescribed signals 
and regulations/’ 

3. General. Yards consist usually of 

(a) a Receiving Yard, H 1U, upon which trains, entering from the 

maiu line, may remain until they cau be sorted , 

(b) the Service Yauh, li 11, in which locomotivs are coaid, refrlg- 

ator cars Iced, etc, ami rolling stock repaml, 

(c) the Separating, Sorting, or CUiHuiflcaJian Yard proper, fl 46; 

aud 

(d) a Forwarding \ard, or Departure Tracks, fl 79, on which the 

newly maue-up trains may wait before passing out outo 
the maiu line 

4. The designi of the yard, will depend largely upon the charac¬ 
ter, direction and amount of traffic, upon the area and shape of 
ground available, upon the nearness of various supplies and facili¬ 
ties, and upon other factors Large yards should be designd only 
In the light of all obtainable information on those and any other 



pertinent points, and after carefully estimating future traffic and 
growth. 

5. Example. The Missouri Pacific yd, Fig 1, at Dupo, Ill. is 
fairly representativ of the average Ideal large yard for traffic about 
equally balanced. 

«. Two directions. Usually, at any one place, there will be 
virtually two yards, one for each direction of traffic, except that 
there should be but one service yard, serving traffic in both direc- 


•See foot note, p 1006. 
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tlons. The two yards may be of approx equal, or of very unequal 
size, depending upon the relatlv amounts of traffic in the two 
directions. 

7. Main Line Tracks should, In general, especially in large 
yards, be located outsk.e the yard, one on each side, if possible, or 
both on the same side if necessary; while facilities (service yard, 
etc) should be groupt near the center of the yard. 

8. Connection with Main Line. The number of switches lead¬ 
ing directly from the main track should be a minimum, with a 
cross-over if double-track in a small yard, the several yard tracks 
connecting only with each other. Any switches should, where 
possible, face away from the traffic, so that main-line trains will 
trail thru them, thus reducing the risk of “running Into an open 
switch.” The switch should also be interlock! with any main-line 
signals, and have a derail, pp 82.1-7, to prevent cars from wrongly 
getting onto the main line. 

9. Use. Freight yards are used (1) for the storage of rolling 
stock not in use, (2) for holding cars while being loaded or un¬ 
loaded. and (3) for re-arranging or sorting cars When used for 
the latter purpose, they are commonly called “classification yards," 
are probably by far the most important, especially at large centers, 
and not only usually Include the other two types, but serve largely 
to reduce tbeir size. Various writers emphasize the importance of 
regarding a yard as a place in which to handle cars, and not sb a 
place in which to store them. 

Receiving Yards. 

10. The receiving yard must be long enough to hold the longest 
train, and must have a number of tracks sufficient to hold all the 
trains coming until they can be handled. From It, the loco of each 
train is taken to the service yard for re-coaling, etc, and the train 
js pusht into the classification yard proper. 

Service Yards. 

11. Service yards should, in general, he centrally located. They 
should lx? provided with tracks and other means for changing ca¬ 
booses end locos und for removing nnd holding disabled or “bad 



order" cars, and with running tracks to enable ears and locos to 
pass freely around or thru the yards. Facilities should be pro¬ 
vided : for removing ashes from locos; for supplying them with 
water, coal and sand; for cleaning, oiling nnd housing them and 
muking minor repairs to them ; for inspecting and repairing cars 
and overhauling (hot) journal boxes; for cleaning passr cars; for 
Icing refrigerator cars; for supplying water and feed to live-stock ; 
and for such other special requirements as may exist. 

12. Damaged earn of the dump or hopper-bottom type, and their 
contents, ate sometimes conveniently handled by first running them 
up on a trestle and dumping their contents into good cars on tracks 
under the trestle. 

<>S 
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In the light of all obtainable information on those and any other 



pertinent points, and after carefully estimating future traffic and 
growth. 

5. Example. The Missouri Pacific yd, Fig 1, at Dupo, Ill. is 
fairly representativ of the average Ideal large yard for traffic about 
equally balanced. 

«. Two directions. Usually, at any one place, there will be 
virtually two yards, one for each direction of traffic, except that 
there should be but one service yard, serving traffic in both direc- 


•See foot note, p 1006. 
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23. Length. Many older tables range from 60 to 70 ft In 
length; but, of 57 important railroads, interrogated by a commit¬ 
tee of the Am Ry Bridge & Buildg Assn* in 1012. 54 used tables 
ranging from 75 to DO ft long; two, 100 ft, and one, 105 ft 




24. Karens length Turntables must ordinarily be consider¬ 
ably 'longer than the combined wheelbase of loco uud tender, espe¬ 
cially where unloaded tenders, with their locos, are to be bal¬ 
anced” (bearing only upon the central pivot). Compare hugs o 



•Report, Am Ry Bridge & Bldg Assn, 1912. To this committee § 
elaborate report, adopted Oct 1912, we are indebted for much or 
the information and recommendations here given. 
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Report 

PP 

Weights 

loco 

pounds 

tender 

loaded 

pounds 

light 

pounds 

Am Loco Co Mogul 

2 

187,000 

143,800 

55,300 

Baldwin Mikado 

4 

305,1UO 

160,700 

50,000 

Santa F6 Mallet 24-wheel 

5 

GIG,000 

234,000 

105,000 


and 6, which indicate the turntable lengths required for n “Mogul” 
type loco (Roiling Stock, pgf Go), with tender; loaded, l-'ig 5, and 
light, Fig G. 


Tender J.niltr 



Fig. 5, Fig. 6. 


25. The table above shows weights and hor dists (to the 
nearest inch) for this and for two other tjpes. The iirst two are 
the heaviest of those tjpes made by the American and Baldwin 
works respectivlj, up to 1012 The committee* recommends a 
min length of 7b it lor ordinary practice, and 00 ft for heaviest 
engines; preferring wjos to turntables longer than 00 ft 

26. Mechanic*. Moments and shears Stresses and deflec¬ 
tions. When a turntable is “balanced,” with or without load, the 
frame is to be treated as forming two cantilevers, each consisting 
of two parallel girders or trusses, O, the two eantileveis being con¬ 
nected over the central pier. For this ease, but one portion of the 
live load is possible But, when the load is so placed that one 
wing of the table frame rests, at one end. upon the circle rail, R, 
and the other end upon the central pier, las when a loco is en¬ 
tering or leaving the table), that wing is to be treated as a simple 
beam, and Ibe other wing as a cantllevei, and this is alwavs the 
case with the non-tipping table. Fig 2 in either case, the moments 
and shears, for dead load, for live load, and for both combined, are 
to be found (for different positions of the live loadi as on pp 410 to 
453. the corresponding stresses as on pp 460. etc. and tin* deflec¬ 
tions as on pp 480-481 For balanced table, the end deflections 
should not exceed about 1/2 inch, and must not bring the table 
to a bearing on the circle rail li. 

27. Acrording to the committee.* the practice is to use unit 
stresses of 16.000 lbs/sq inch in tension, and lo.ooo in shear, when 
separate provision is made for impact (see Trusses. p758): and 
the committee recommends 10,000 and G.000 respectivly when no 
such provision is made; except that, at the ends, live load stresses 
should bo doubled to provide for impact. 

2S. Wheel loadings. In designing a turntable, the locos, 
which may have to use it. should be studied, and the design should 
he based upon that one which produces the greatest stresses By 
reason of their short wheelbase. Cooper's loadings (loco tender 
= 48 ft for all classes: see Truss Specifications, p 755) are un¬ 
suited for modem heavy turntables: but they are nevertheless 


•Report. Am Ry Bridge & Bldg Assn. 1012 To this committee's 
elaborate report, adopted Oct 1012, we are indebted for much of 
the information and recommendations here given. 
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Lengths, to nearest Inch j 

W 

Fig 5 

(tender loaded) 

A T L B E 

Fig 6 

(tender light) 

A T L B E 

1 

0-7 28-05 28-5 0-7 58 

0-6 30-00 31-1 5-5 73 

2-2 57-10 50-4 9-8 120 

0-8 35-4 21-06 14-6 72 

0-9 43-9 23-04 21-2 89 

2-3 65-3 42-11 24-7 135 


sometimes used ; their wheel-spaclngs being Increased for the pur 

f >ose. In the following table, the three heavier locos, by distribuf- 
ng their loads over a greater portion of the span, will, if placed 
upon a bridge, produce approx the same stresses as will the lighter 
Cooper E 50; but, on a balanced turntable (where each wing arts 
as a cantilever) their greater lengths and weights produce, at the 
center, greater shears and much greater negativ moments, as 
shown :— _ 


Loading 

Loco 

lbs 


Wheel¬ 
base, 
loco 4 
tender 

Moments and shears at 
center, iu turntable 

Neg mom 

ft-lbs. 

due to 
Cooper 

Shear. 

lbs 


225,000 

130,000 

fQKZEH 

2,149,260 

E 50 

225,000 

Am L Co 

(tenders loaded) 





Mlk 

315,000 

169,700 

67' 10 y 2 " 

4.349,000 

E 100 

270,000 

* Pac 

317,000 

175,700 

71' 5%” 

4,650,000 

E 110 

248,300 

Mnl 

483,000 

186,400 

8-8' V 2 " 

7,228,000 

E 170 

346,900 


29. Turning. Small tables are turnd by hand *, for which pur¬ 
pose a lever, 8 or 10 ft long, at convenient height, and fitting into 
a staple, is provided at each end of the table. Heavier tables 
are turnd by pneumatic power, or by gasoline or steam englns. 
Electric power is preferd, where readily available. Comprest air 
is used where occasional freezing, necessitating the temporary use 
of manual power, is not prohibitory The motor is placed some¬ 
times next to the center, C, sometimes next to one end of either 
wing, sometimes at the end of a light wing at right angles to the 
main wings. With motors, tables are commonly turnd unbalanced, 
i e, with the live load bearing partly upon the circle rail, R. 
Where ordinary tables are to be turnd without being balanced, 
and in non-tipping tables. It is usual to make the wing ends and 
their wings extra heavy, to support that part of the live load which 
comes upon them Balancing tables may then be turnd ••balanced" 
when turning the shorter locos, and “unbalanced” with larger 
locos. Non-tipping tables, owing to the greater leverage of the re¬ 
sistance at their end supports, are difficult to turn, and expenslv 
in maintenance on account of wear in those supports. 

30. Turntables are held in position, for passage of locos to 
or from them, by numerous devices; as by power brake* (especially 
where power is used for turning) ; or by bars, swinging vertically 
about a hinge fastend to the table ties, and catching, as they swing, 
in a notch fastened to the tteR between the rails of the approach 
tracks; or by sliding latches, running in sleevs upon the table 
ties and entering sockets fastend between the rails or the approach 
tracks. The last-named are conveniently thrown Into and held In 
the loekt positions by springs, and withdrawn by means of a hand- 
lever, which may withdraw simultaneously the latches at both end* 
of the table. The locking device Is frequently connected with * 
signal, Indicating its position. 
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31. Crossing of the. ra<Ual approach rails of adjacent tracks, 
near the table, together with the use of frogs, Is frequently necessi¬ 
tated by limitations as to space. 

32. Flooring. The entire pit is now floored over only in 
special cases; as where floor space, or a passageway for teams, etc, 
is needed; or where danger of freezing is a serious matter; in 
which latter case, a stove may be mounted upon the swinging 
girders. A steam-pipe is sometimes laid around the pit, adjoining 
the circle rail, li, (Fig 2). The flooring, when used, is supported 
upon light radial trusses, ('oramonly the table is made wide 
enough to accommodate a footway on one or both sides, the foot¬ 
way being supported upon extra long tics, placed at intervals; and 
the footway is sometimes provided with a hand-rail. Frequently 
one or two light additional wings are provided, at,right-angles 
with the main wings, to carry the motor or the stove, etc, or for 
other purposes; forming a cross-shape in plan For rigidity, the 
ends of the four wings may be connected by struts. 

33. Height of rail. The table is usually placed at such 
height that, unloaded, its rails are about % inch above those of 
the approach tracks; so as to leave Vi inch clearance botw the 
circle rail and the end-wheels of the table, when the ends of the 
wings deflect each V(s inch under a balanced load. The tops of 
the table rails should come flush with those of the approach tracks 
at that end over which u loco may he entering or leaving the 
table. Steel sprlugs have been employd, to absorb the shocks 
occasioned by locos entering and leaving. 

34. The foundations, of both pivot pier and circle wall, are 
usually of concrete; and of course must be wry carefully laid 
(especially that for the pivot pier), In view of the very heavv 
service required of them. The phot pier is commonly provided with 
a stone cap. Where rock bottom is not accessible, piles are driven 
under the pivot pier, under the circle rail and under the parapet 
wall. Those under the pivot pier are usually in a square, 4 to 7 
plies on a side, and coveting an area of from 12 X 12 to 16 X 16 ft. 

35. The citric trail is usually of concrete (rarely of wood), 
with timber coping for the support of the stub ends of the approach 
tracks, and radial timber lies for the support of the circle rail. 
When either the approach rails or the circle rails rest directly 
upon the concrete, (he latter is apt to be disintegrated The circle 
wall Is usually from 6 to 7 ft in greatest width, and the parapet 
wall from 1.5 to 2 ft. Owing to its circular form, In plan, it acts 
as a hor arch, and a gravity section (capable of withstanding 
alone the collapsing pres of the surrounding earth) is not neces¬ 
sary. 

36. A niche, or recess, left in the circle wall at some point, 
gives convenient access to the end of the table, for inspection etc. 

37. Wooden turntables are sometimes used, from motivs of 
economy, especially for temporary purposes. They are sometimes 
without rollers or disks at the center, and then, in turning, bear 
either upon their end wheels or upon a series of wheels arranged 
in a circle not far from the center. In the latter ease, the live load 
bears partly upon the end wheels when entering or leaving the 
table. They usually require two men, with crank mechanism, to 
turn them. Their economy, in first cost, is apt to he offset by 
excessiv cost for repairs. 

38. Pit drainage, always Important, is especially so with 
the deep pits often required for modern heavy locos. ’Water, in 
the pit, rusts the bearings, and thus necessitates stoppage of 
operations and jacking up for cleaning and oiling. Water, freezing 
in the pit, may entirely stop operations. Where the pit bottom 
Is too low for convenient drainage, the pit may be made shallower 
by one or other of the devices mcntlona in If 20-22. 

39. Figs 7 and 8. *The center is essentially a circular steel box, 

•Report, Am Ry Bridge & Bldg Assn, 1912. To this committee’s 
elaborate report, adopted Oct 1912, we are indebted for much of 
the information and recommendations here given. 
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the lid of which (carrying the frames) boars upon It usually thru 
the medium of conical rollers, bull hearings, or disks, of hardend 
steel; cornual rollers. Fig 7, being most largely used. In the best 
tables, these are held in place, radially, usually by “live rings” 
encircling them, both at their inner and at their outer ends, and 
separated from them by ball bearings or frictionless washers. Coni¬ 
cal rollers are commonly from 7 to 12 ins long, and from 4 to 8 ins 
diam at the larger end. They usually bear, above and below, upon 
relativly thin annular track plates, which, when worn, may be re¬ 
placed, leaving box and lid intact. The design of the center is 
often left to the manufacturer. 




40. Notwithstanding the successful use of disk centers. 
Fig 8. in swing-bridges, where they carry much heavier loads, they 
have not come Into general use for turntables. The committee* 
recommends their serious consideration 

41. “Hydraulic” centers (oil or glycerin being used, on ac¬ 
count of danger of freezing, instead of water) have been suggested. 
They would lie easily adjustable in height. 

42. Centers or pivots are vciy important. It pays to use 
the very best obtainable. Three-quarters of RRs use conical roller 
or ball bearings, of manufacturers’ standards. Much of the trouble 
with roller bearings seems to have lK*en due to former poor design 
and small size, and to subsequent neglect in maintenance. 

43. The mechanism should be oild at least annually, and as 
much oftener as may be required by flooding, or when the table 
becomes hard to turn. The frames, etc., require frequent painting. 
To facilitate inspection, repairs, etc., the table may be jacked up 
from the center pivot; the jacks resting upon two concrete founda¬ 
tions, placed diametrically on opposite sides of the center, and lift¬ 
ing by means of steel brackets, riveted to the table. 


•Report, Am Ry Bridge & Bldg Assn, 1912. To this committee’s 
elaborate report, adopted Oct 1912, we are Indebted for much of 
the information and recommendations here given. 
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44. The cost of turntables varies widely with many factors, 
but the following may be taken as approximations. Cost of steel 
deck turntable, complete, with tractor, Including pit, pier, etc.. 
$100 per linear foot; thru tables, $150 Light wooden tables may 
cost as little as $15 to $20 per Hn ft. Pit, lined, Including pier 
foundation, from $0.50 to $1.80 per sq ft; paving alone (often 
omitted), from $0.15 to $0.25 per sq ft. 

45. Wyes or Y-trncks. See Turnouts, 18, 10, p 825. 

ClaoHillcatlon Yards. 

46. The main object of a classification yard is to receiv, from 
one or more points or lines, as A, It. C, D, etc., trams in each of 
•which there may be cars lor any or nil of a number of.other points 
or lines, as M, A, O, P, etc, and so to rearrange the cars as to 
make up new trains, the cars of each of which may then go directly 
(or with a minimum of rearrangement or subsequent shifting) to 
their respectiv destinations, as il, N, O, P. 

47. Miuor objects are the similar re-classification (or "Trans¬ 
fer") of the contents ol cars, ami general renewals and repairs. 

48. Push find pull, or flat shifting;. Where gravity cannot be 
utilized for shifting (fl 50), car movements must he made by loeo- 
motiv Cars may lie uiven a push b> the loco, and then left to go 
where they are wanted, sometimes assisted by n slight down grade. 
They should he under the contiol of a brakeman. Or, the ears may 
lie pulled, "making flying switches," ns follows:—With the train 
In motion, the loco is uncoupled, and runs on ahead, at increast 
siieed, thru a switch, on to au unoccupied track; and tin* switch is 
then quickly thrown, in time to send the oncoming cars onto the 
required track. This requires skilful co-operation of crew and 
yardmen These methods, tho objectionable, and expensiv during 
operation, will, nevertheless, he usually more economical in a small 
or unimportant jard, than an.v ol the following methods. *wUIeb 
are more costly to install and maintain, but which may he well 
worth their cost in large or busy yards. 

40. Poll uk. By means of a stout pole, two or throe times ns 
long as the clear space lietw cars, the loco (sometimes provided 
with a specially constructed car, and running backward and for¬ 
ward on a parallel track) pushes off, from a train, one or more cars 
at a time, sending them, thru switches, to their destinations under 
their own momentum. 

BO. Hump or gravity classification yard 

In this type of classification yard, the train is pusht up over a 
hump in the track, at which point the cars are uncoupled, one or 
more at a time, and descend, by gravity, thru the yard, to their 
desired destination. 

M. Operation. A train enters the receiving tracks, its 
locomotiv is uncoupled and sent to n side track for re-coallng, etc. 
A special yard loco then comes up behind the train and pushes it 
slowly forward, over an up-grade, to a summit or “hump.” As 
each car, or set or "cut" of cars for any one destination, passes 
over the hump, it is uncoupled. It then proceeds, by gravity (usu¬ 
ally first over a truck-scale, on which each car may be weighd) 
down quite a steep grade and onto the "ladder track,” which leads 
by switches to the several classification tracks. As each car or 
“cut” starts on its way, it may be markt with a number or sym¬ 
bol, Indicating Its destination. As the car or cut comes down the 
ladder track, its destination, as thus markt, is noted by switchmen, 
who set the switches for it. It is boarded by a brakeman or 
“rider.” who then controls Its speed by means of the brakes, the 

{ -rades of the ladder and classification tracks all beinff such as to 
nsure the delivery of the car to the furthermost points desired. 
The rider then returns for another car or "cut *’ When it is time 
to make up a train from one or more classification tracks, the 
"road engin” backs in from the lower qnd of the yard, couples to 
the collections of cars desired, and then proceeds into the forward¬ 
ing yard or out onto the main line. 
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52. Speed of operation. According to Mr. C. L. Bardo, 
Jour N Y It It Club, 19U3, Dee, a train of GO cars, with 50 cuts, 
requires by push and pull, 2 hours; by poling, 1 hour, 15 mins; by 
hump, 30 mins. 

53. Grades of hump yards depend chiefly upon the av and 
max car resistances (usually greater in empty than in loaded cars) 
per unit of weight; which, m turn, depend upon length of time 
cars have been standing; upon temperature (the resistances being 
greater in cold weather) ; upon prevailing wind direction, or that 
of probable max winds; and upon condition of track, including 
curvature. See Train Resistance, pp 1057. etc. 

5-4. In the following table, the first line gives the recom¬ 
mendations of the Am Ry Eng Assn Manual. 1011. The others 
(from Ry Age <«az, 1012 Aug 0. pp 230-0) give max, av and min 
values reported by Mr Shelby Saufley Roberts, representing about 
thirty hump yards. The grades are given in ft per 100 ft. 

First grade from summit ladders classiflcatn yard 
Am Ry Eng Assn 3.00 1.00 0.5ft 

S. S. Roberts Max 4 00 1.75 1 OO 

Av 2 GO 0.07 0.30 

•* “ Min 1 00 0.50 0.00 

55. Seasonal changes. In order to compensate for the markt 
differences In resistance, due to temperature, hump grades are 
sometimes changed, either by re-grading the hump portion of the 
track twice each year, or by providing two humps, side-by-side; a 
steeper one for winter use. and a flatter one for summer use; but 
the steeper hump may be advantageously used in summer for hard- 
running empties. For a third method, see next fl. 

» 50. The mechanical hump, designed by Mr. A. W. Eprigbt, 

scale inspector, I’enna R R, consists essentially of a short two-span 
girder bridge, the middle support of which may be raisd or lowerd 
by means of jacks, and then held at the desired height by blocks. In 
one installed at West Brownsville June, Monongahela Dlv, each 
span is about 20 ft, and the central support movement is about 
8 ins. 

57. After passing over the hump, it is usually desirable to 
pass the car over a 

58. Track Scale. Until quite recently, very little attention 
appears to have been given to the design of track scales, with the 
result that they have been rather delicate affairs likely to get out 
of order, and to give erroneous readings. Later efforts, however, 
have produced much more satisfactory machines, nltho they do not 
appear to have been generally standardized. They are essentially 
large weighing machines, on the platform of which the track is 
laid. 

59. Difficulties that obtnind have been listed as follows by 
a committee of the Am lty Bridge & Bldg Assn. 

Carlessness of weigher; improper balance, another car partly on 
scale Weakness of scale; deflection of scale bridge or levers. 

Mlsc : deck binding, rails binding, broken castings or hearings, dull 
bearings, bearing feet resting on angle Irons, insuff clearance betw 
feet and scale timbers, levers out of line or loose, and foreign mat¬ 
ter in friction with levers or scale parts. See also H 63. 

Many of these troubles are due primarily to insufficiently Arm 
foundations. 

60. Dead rails. To avoid unnecessary wear of scales, locos 
and cars not requiring to be welghd may, as either approaches the 
scale, be swltcht across the scale pit, on ’a pair of “dead rails,” laid 
parallel with the weighing-rails and about six ins from them, but 
supported rigidly on posts which pass dow'n thru the scale without 
touching it and rest upon the scale-pit foundations; but modem 
track scales are sufficiently strong to carry all the traffic without 
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injury; and dead rails are going out of use, all cars and locos 
passing over the weighing-tracks. The dead rails endanger the 
trackmen, whose feet may be caught betw them and the weighing- 
rails, and their supports obstruct access to the scale mechanism. 

61. “Bridge-rails.’' The weighing rails are sometimes con¬ 
nected with the fixt rails, at each end of the scale, by short rail 
lengths, pivoted to each. These not only obviate the blow caused 
when a wheel jumps the gap betw the ends of the fixt and the 
weighing rails, but also transfer the load more gradually to the 
sea le. 

62. Relieving gear The Penna K K has employed a device, 
patented by Mr. A. W Enright, and consisting of a system of tog¬ 
gles and pistons, operated by either air or water, and under control 
of the welghmaster by means of a three-way valv, by means of 
which, in a second, betw tin* passage of any two cars, the load of 
the scale and any following car may at pleasure be taken by the 
toggles, or restored to the scale levels 

03. Binding of platform* has been a frequent source of 
trouble and may be prevented by careful const ruction, by prevent¬ 
ing inward bulging (as by trost) of the pit sides, and by so bevel¬ 
ing the opp faces that the space, betw them, widens downward, in 
order that objects, falling into tlie space, shall not wedge and bind. 
Itail ends, even when properly secured against creeping, are apt to 
bind, under temperature changes; but this may be prevented by in¬ 
serting switch-points In the rails near the scale ends. 

64. The scale length, If each car to be weighd is to be stopt 
("spotted”) on the scale, should be about the length of the longest 
car If cars are to be weighd in motion, as they run over the scale, 
the scale length should be about one-third greater. 

63. Testing Scales should l»e tested periodically, say every 
few months, by running over them, and stopping on them at various 
points, special loaded test cars of known weight Preferably, the 
weights should he adjustable. In order to see whether the indica¬ 
tions of the scale are truly proportional to the load, for all weights 
likely to come upon it. Many railroads have special cars for this 
purpose. 

66. Drainage, heating und lighting of the scale pit are all 
desirable to prevent damage by water and by freezing, and to facili¬ 
tate inspection and adjustment. 

67. Speed of weighing. The velocity of the cars over the 
scales, while being weighd, may vary between zero and 6 or 8 
miles/hr, about 4 miles/hr being usual. It is usually practicable 
to weigh several cars per min; but the time required, per car, may 
range from several mins, down to abt N sees, tho this high rate 
can seldom be maintaind continuously. 

68. dandifying. As the cars are out off from the train, 
and as they pass over the hump, the switchmen must know for 
which track each cut is destind, in order that they may set the 
switches properly ; and the brakeman of each rut must know this 
also, in order that lie may properly control the speed in passing 
around the switch and in coupling on to any cars ahead. Some¬ 
times the destination is chalkt upon the car bodies; sometimes (es¬ 
pecially at night ) the brakeman informs the switchman by means 
of arbitrary signals. 

69. The ‘‘cut list,” recommended by the Am Ry Eng Assn. 
Supplement of 1913, Manual of 1911. consists of two or more dupli¬ 
cate lists, giving (1) the number (1st 2nd. 3rd. etc) of the cut, 
(2) the number of the track to which the cut is destind. and (3) 
the number of cars in the cut A copy of the list is given to each 
switchman eoneernd and (if thought necessary) a copy to the 
brakeman of each cut. 

70. Yard switches (Am Ry Eng Assn, Manual. 1911) for 
ladder tracks should have frogs not sharper than No. 8. See also 

57 (Ladders) under Turnouts, p 871. 
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71. Srntch operation. The operation of each switch by a 
lever placed at the switch, in the yard, is cheap in installation, but 
expensiv in operation, and inefficient in a large yard, as compared 
with control of numerous switches from a single switch tower by 
means of the usual switch and signal operating equipments. See 
Signals, pp 08.1, etc. 

72. Curvature compensation. As grades, on the line, are 
reduced on eurvs, to facilitate hauling upgrade by locos, so they 
are increast on eurvs in gravity yards, to aid gravity in getting the 
cars around the eurvs. See fl 41, under Train Resistance, p 1062. 
Mr. H M. North, of the L S & M S Ry, recommends an increase of 
about 0 0.1 tt per 100 ft (1/20 of one per cent) for each degree 
of sharpness. 

73. Ladder trncka are those containing the switches leading to 

the several classification tracks (fl 74). In small yards, one ladder 
track suffices, but ordinarily space is wasted when more than K or 
10 tracks are taken liora one ladder, and it is then advisable to 

use two or more ladders. See also •‘Ladders," fi 57, under "Turn¬ 

outs,” p 871. 

74. Classification tracks are long parallel tracks, onto which 

cars are run from the ladders, in general, each classification track 
represents a difl' route or destination or purpose of train Thus, 
track No 1 may be used for cars destind for the M R It, track 

No 2 for ears of the N R R, and so on; or track No 1 for cars 

hound for station /*, track No 2 for station Q, etc, one t r aiu being 
subsequently made up by taking the cars success!vly from tracks 
1, 2, etc, in such order that they may be cut off at stations i\ Q, 
etc, as the train proceeds, and without re-shiftlng; or track No 1 
may be reservd for a regular train, to leav at a specified time; 
track No 2 for a special train ; track No 3 for empties, to be re¬ 
turned when enough ot them have accumulated to form a trnin; 
etc, etc 

75. Secondary chiNsI float ion yards are used where the defdred 
classification, especially as regards the order of the stations, can¬ 
not lx* nttaiud in the main classification yard. Such a yard is con¬ 
veniently placed beyond the main class-mention yard, and may have 
a "hump” ot its own These yards aie called also “reclaHtrtfleation 
yards/’ " station-order shifters,” or "grouping yards.” 

76. Capacities of classification tracks. No such track need be 
longer than the longest train to lie assembled. Indeed, if they be 
made somewhat shorter, the occasional slight inconvenience of 
having to make up a train from cars on two tracks is usually more 
than compensated by time saved in dropping cars into places from 
the hump, in the return of brakemen, and in general communication 
and operation. 

77. Spacing of yard tracks Recommendation of Am Ry Eng 
Assn, Manual, 1015 ; c toe, min ; body tracks (main tracks of classfo 
yard) 13 to 14 ft; ladder track and first body track, 15 ft from any 
adjacent track. Min spacing must enable men to see signals and 
to avoid colliding with electric light poles, etc. 

78. Car riders, car droppers, or brakemen. One “cut” seldom 
contains more than five cars, even when more than five are bound 
for the same place. Each cut is (or should lie) controld by a 
brakeman, from the hump to near Its destination. The return of 
the men to the hump involves fatigue and loss of time If they 
walk, and expense if they are carried. Their transportation may 
be effected by means of an old light loco with a car, or by gasoline 
inspection or electric cars. Moving sidewalks have been suggested. 

Forwarding Yards. 

79. The forwarding yard is placed beyond the classifn yards. 
Each of its tracks should he as long as the longest train. Often 
two or more trains can be accommodated on one track, especially if 
cross-overs are provided. Coraprest-air pipes should be provided, 
for testing brakes while loco and caboose are being coupled up. 
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Thorofarc tracks, thru or alongside the yard, permitting free and 
rapid movement of locos and cabooses, around and to the trains, 
should be provided. 

Illumination. 

80. Am IIy Eng Assn, Manual, 1011, recommends, for hump and 
ladder tracks, arc lights ol i!,ooo candle power each, 2S ft or more 
al*o\e ground, and HO to 150 ft apart Other authorities recom¬ 
mend lights of lower c p, with closer spacing The use of reflectors 
or lenses, and of shields, etc, to direct the light ethciently, appears 
to be worthy of much moie careful study than it has usually 
recelvd. 

81. When the main body tracks arc not illuminated, a light may 
he left at the rear of each collection of curs, and shi/ted hack to 
the rear of each new “cut'' added. 

STATIONS* 

Freight Stations. 

8-. Transfer stations. As the classification jard serves for the 
rearrangement of the ears in trains, so the transfer station serves 
primarily for rearranging the contents of cars among the dtff cars, 
transfering it from any one car to any others, over platforms ad¬ 
jacent to tracks upon which the cars arc run The platforms are 
preferably placed flush with the floors of box cars, in order that 
trucks may readily he wheeld over planks laid across the gap betw 
car and platform Storage space (preferably coverd) should be 
provided, on the platforms, to reeeiv goods for which cars are not 
ready. 

83. Mechnnlenl handling (electric trucks, telfers, traveling 
platforms, etc) Is economical, both In transfer and general freight 
work, In large stations, if sufficiently flexible and not too eumbrous. 
“Where large amounts of freight are to be transferd, the use of 
power-driven coverd traveling plattorms is recommended,” Am Ry 
Eng Assn Manual, 1911, p4ul. 




84. Freight Yards nnd Stations. The track layout is usually 
a mere series of pairs of parallel tracks, merging into one or more 
tracks from the main line or a classification yard, with spaces betw 
them, for teams or for platforms, as In Fig 9, the yards being open 
and the stations usually coverd. In stations, to save space, the 
main feeding track is often run diagonally thru the building, and 
the loading tracks are taken off as spurs in both directions, some¬ 
what ns indicated in Fig 10. “Inbound freight-houses should 
have a floor space of 50 ft width if practicable; out-bound, 25 ft.” 
Am Ry Eng Assn. 


•The Am Ity Eng Assn defines a terminal as “An assemblage of 
facilities provided by a ry at a terminus or at intermediate points 
on its line for the purpose of assembling, breaking up nnd relaying 
trains.” To avoid confusion, however, we have refraind from using 
the word “Terminal” (except as below 1, and have used “Stationxr 
A station that is wot a thru station we call a “Terminus” (plural 
“Termini’'), or a “Terminal Station.” 
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85. Modern freight-handling devices permit economy In 
space by making It possible to build stations two or more 
stories in height; one story for inbound freight, another for out¬ 
bound, and others for storage, etc ; freight being trunsferd, upon 
and betw stories, by ineans of traveling platforms, barrel-hoists, 
belt-conveyors, elevators, and (for downward movements) straight 
or spiral shutes for non-frngile pieces, all in addition to the freight- 
handling devices referd to under Mechanical handling, fi 83. 

The freight yard should have a traveling or other crane, for 
heavy pieces; and special apparatus (as clam-shell bucket-hoists 
for coal, grain elevators, etc) where much of one commodity is to 
be handled. 

80. For team delivery yards. Am Ry Eng Assn (Manual. 1011, 
p 308) recommends stub tracks in pairs, 12 ft c to c of tracks, and, 
If practicable, not less than 30 ft c to c of pairs; tracks not more 
than 20 cars capacity; ingress and egress for teams at each end 
of each teamway; power crane, wagon scales and track scale. 

I'aitMcngcr Station*** 

87. General. Some of the major points to he observd In sta¬ 
tion design are-—getting passengers, baggage and express to and 
from the trains with a minimum of delay and confusion, and, in 
termini,* getting the loco out of the way, turnd around, waterd 
and coaid, and re-coupled to the train; also car cleaning, etc. 
Some car cleaning can be done in the station. 

88. PlntformN. To expedite the handling of passengers and 
baggage, it is recommended by the “Yards and Terminals Commit¬ 
tee" of the Am Ry Eng Assn, 15)11 March, that, if baggage plat¬ 
forms cannot well be provided in addition to passenger platforms 
on the same level, the lmggage he trunsferd to and from another 
level by means of elevators so located as to keep it off tlie plat¬ 
forms as much as possible. 

SI). Ramps, or Inclined passageways, as substitutes for stair¬ 
ways, greatly facilitate the movement of passengers In stations, 
and reduce liability to accident at rush hours. The Y & T Comm, 
Am Ry Eng Assn, Mar 15)11, recommends a grade not exceeding 
1% ; but considerably steeper grades ate successfully used. The 
surface must be sufficiently rough to avoid danger of slipping. 

90. Lanes of travel. Often much can be done to reduce conges¬ 
tion in the layout of the station and passageways, by preventing 
crossing of lines of travel of passengers, keeping such lines parallel 
as far as possible. 

01. Future requirement**. Owing to the difficulty and expense 
lnvolvd in reconstructing a large station when its traffic begins to 
exceed its capacity, the requirements of the future should be esti¬ 
mated for 20 years ahead, if possible, and provided for in the 
design of the station. 

92. Large vs numerous smaller stations in large cities. 
Handling, at a single station, all or most of the passenger traffic 
of a ry at a large city, necessitates, on an average, a long journey 
to reach or leav the station, and much walking in the necessarily 
large station itself, to reach or leav the trains; and the alterna¬ 
te of several smaller stations thruout the city, along the line, has 
been suggestd (as by Mr. Fred A. Delano, Pres Wabash Ry), even 
at the expense of some added time for additional stops of express 
trains. 


•The Am Ry Eng Assn defines a terminal as "An assemblage of 
facilities provided by a ry at a terminus or at Intermediate potntB 
on its line for the purpose of assembling, breaking up and relaying 
trains." To avoid confusion, however, we have refraind from using 
the word “Terminal” (except as below), and have used “Station” 
A station that 1 b not a thru station we call a “Termtnus” (plural 
“Termini”), or a “Terminal Station.” 
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9::. rinn. Fig 11 is .*1 layout for a passenger terminal station, as 
recommended by a Comm of the Am Ry Engg Assn, March 1911 ; 


i£C23» 


and Fig 12 a station of the thru type. In the terminal station, two 
levels are proposed, one for passgrs and one for baggage and ex¬ 
press, together with a simple and coinprehensiv arrangement of 
ladder tracks, with car cleaning yard adjacent. This ideal ar¬ 
rangement would, of course, usually hare to be nltcrd, on account 
of local restrictions. In the plan for the thru station, it will be 
noted that the two main line tracks dhulc into (5 in all, affording 
two thru tracks In the middle (without deviation from their 
course), and two platform tracks (with an island platform betw 
them) on each side, thus giving ample loading and unloading 
facilities, without delaying trains not scheduled to stop at the 
station. 



94. Study. Fig IS shows part of a diagram recording the occu¬ 
pancy of the several tracks of the Tenna R R at Broad St Bta, 
Phlla. (Mr. E. B. Temple, Asst Chf Engr) during a given period 
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ends down. The vert spread, allotted to each track, represents the 
length to which It may be occupied without fouling more than one 
line. Cars and locos ure plotted as rectangular areas. The vert 
dimensions of the rectangles represent the lengths of track occu¬ 
pied by cars, etc; the vert positions of the rectangles represent the 
positions of the cars, etc, on the several tracks; and their hor 
dimensions and positions represent the periods during which the 
several tracks were so occupied. In practice, arriving and depart¬ 
ing trains are distinguisht by diffs of' shading of these rect¬ 
angles; and kinds of cars and of locos by initials, as by “R.E.” for 
‘‘road engine." Similar diagrams have been used by the Belgian 
State Hallways and at the Camden station of the Balto & Ohio Ry 
at Baltimore. 

05. Fig 14, p 1000, represents a “back-in" station. A train, 
bound for the sta, coming, say, from A, proceeds first to It, and 
then backs in to the sta, as at V; thus enabling the loco to- be 
promptly releast. 

00. Speed of handling train* at termini depends largely upon 
the facilities provided for the rapid handling of locos, passgrs and 
baggage, and for cleaning cars, and upon the nature of the traffic 
and of the motiv power. Comparing 20 large American passgr stas 
the Y & T Comm, Am Ity Eng Assn (Eng News 1911, Apr 6, p414), 
found that the number of trains actually handled during the busi¬ 
est hour, ranges from 1 to 3 5 per av track (including movements 
on all tracks), and from 2 to 8 on the busiest track; while esti¬ 
mated possibilities ranged from 2 to 12. Some of the higher fig¬ 
ures were those of thru stations. 

97. Electric operation of trains greatly facilitates their rapid 
movement in termini, inasmuch as the motiv power need not leave 
the sta, or change its position, for reversal of loco or train, or for 
supplies. The tracks and yard are thus left largely free for com¬ 
plete train movements. 

98. Rapid transit termini are frequently arranged with one or 
more loop tracks, around which the trains may he run without 
reversal of loco or motorman. This is often practicable with 
rapid transit equipment, which can readily turn sharp curvs, and 
a very large tract of ground is therefore not necessary for the 
loop. 



WATER STATIONS. 


1011 


Water Stations. 


Water stations are points along a railroad, at which the engines stop to 
take in water. Their distance apart vanes (like that of the iuel sta¬ 
tions, winch accompany them,) trom about 6 miles, on roads doing a very large 
business; to 15 or 20 miles on those which run but few trains. Much depends, 
however, upon where water can he had. It has at tunes to be conducted in 
pipes for 2 or 3 miles or more. The object in having them near together is to 
prevent delay Iron) many engines being obliged to use the same station. To 
prevent interruption to travel, they are frequently placid upon a side track. 
A supply of water is kept on band at the station, usually in large wooden tuba 
or tanks, enclosed in ftamc tank-houses. The tank-house stands near the track, 
leaving only about 2 to 4 feet clearance for the cars. It is t wo stories high; the 
tank being in the upper one; and having its bottom about 10 <>r 12 feet above the 
rails. In i lie lower otory is usually the pump for pumping up the water into the 
tank. and a stove for preventing the water from freezing in winter. 

The tanks are usually circular; and a few inches greater in diameter at the 
bottom than at the top, so that the iron hoops may drive tight. Their 
capacity generally varies from 6000 to 40000 gallons, (rarely 80000 or more,) 
depending on tl.e number of engines to lie supplied. A tender-tank holds 
from 3000 to 7000gallons; and an engine evaporate* from 20 to 150 gal¬ 
lons per mile, depending on the class of engine; weight of train; steepness of 
grade. &c. Perhaps 40 gallons will lie a tolerably full average lor passenger, aud 
80 for freight engines. The following; are the contents of tanka 
of different inner diameters, and depths of water. U. IS. gallons of 231 cubic 
inches; or 7.4805 gallons to a cubic loot. 


Diam. 

| Depth. 

| Contents. j 

Diam. 

Depth. 

| Contents. 

Ft. 

Ft. 

Gallons. 

Cub. Ft. 

Ft. 

Ft. 

Gallons. 

Cub. Ft. 

12 

8 

6767 

905 

24 

12 

40607 

5429 

14 

9 

10363 

1385 

26 

13 

51628 

6902 

16 

9 

13535 

1810 

28 

14 

64 481 

8621 

18 

10 

19034 

2545 

30 

15 

79310 

10603 

20 

10 

25499 

3142 

32 

16 

962.53 

12368 


11 

31277 

4181 

34 

17 

11.5451 

15435 


Cypress or any of the pines answer very well for tanks. The staves 
may be about 2 % inches thick fur the biualler ones; to 4 or 5 inches for the 
largest. Tne bottoms may be the same. The staves should be planed bv ma- 
chniety to suit the curve precisely. Nothing is then needed between the staves 
tu produce tightness. A single wooden dowel is inserted between each two near 
the, top, meieiy to bold them in place while being put together. The bottom is 
dowelled together; and simply inserted into a groove very accurately cut, ahout 
an inch deep, aiound the inner circumference of the tub, at a few inches above 
the bottoms ol the staves. 

One of 20feet diameter, and 12 feet deep, may have 9 hoops of good Iron; placed 
■ever.il inches nearer together at the bottom of the tank than at*the top Their 
width 3 ini lies; the thickness of the lower two,)/ inch; thence gradually dimin¬ 
ishing until the top one is hut half as thick. The lower two are driven close 
together. These dimensions will allow for the rivet-holes for riveting together 
the overlapping ends; and fur a moderate strain Iri driving the hoops firmly 
into place. Three rivets of ]/ 2 inch diameter, and 3 inches apart, in line, are 
sufficient lor a joint of a lower hoop. One of 84 feet diameter, 17 deep, may 
have 12 hoops; the lower ones 4 inches by \ 4 : with three 5£-inch rivets to a 
lower hoop-joint. 

The bottom planks of the tank must bear firmly upon their supporting Joista, 
or bearers. 

A tank must have an inlet-pipe by which the water may enter it; a waste- 
pipe for preventing overflow; and a discharge or feed-pipe 7 or 8 
inches diameter, in or near the bottom; through which the water flows out to 
the tender. The inner end of the discharge-pipe is covered by a valve, to be 
tpened at will by the engine man, by means of an outside cord and lever. To 
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*\ v>M .«.\wa vV\ AuwWiv ,au& or 10 feet long, througYv w\vYc.\i tWinw a!!* 
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The patent frost-proof tank of John Burnham, Safaris, 
fliiiioie, IS simply an ordinary tank, in which the water is prevented from 
freezing by means, 1st, of a circular roof which protects a ceiling of joists, be¬ 
tween which is a layer of mortar; 2d, by an air-space obtained by a similar ceil ■ 
ing beneath the timbers on which the tank rests. Although the sides are en¬ 
tirely unprotected, no bouse is necessary; but merely strong posts and beame 
on a stone foundation, for the support oi the tank.* The supply pipes are in 
boxes made of boards and tar-paj>er. 

Tanks are frequently made rectangular, with vertical sides of 
posts lined with plank, and braml across in both directions by iron rods. They 
are more apt to leak than circular ones. They have been made of iron; but 
wood seems to tie prelerred. 

Tbe water for Mupplying the tankM, may be pumped by hand, steaim 
horse, wind, hydraulic lam, or otherwise, lrom a running stream ; from a jiona 
made by damming the stream if very small or irregular; from a cistern below 
the tank; or from a common well. Many roads doing a business of 10 or 12 
engines daily in each direction,depend entirely upon wells; and pump by hand; 
generally two men to a pump. Those doing a very large business, when the 
supply cannot be obtained by gravity, mostly use steam. The windmill is 
the most economical power; and when well made, is very little liable to get out 
of order. Of course it will not work during a calm; but this objection may be 
obviated in moBt cases by having the tanks large enough to bold a supply for 
several days. Steam, however. Is most reliable. 

The follow lug table will give some idea of the power required in 
a steam engine for the pumping. In ordering an engine, specify not 
its number of horse-powers, hut the number of gallons it must raise in a given 
number of hours, to a given height; with a given steam pressure (say about 60 
to 80 lbs per square inch.) The pump should be sufficiently powerful not to have 
to work at night; and should be capable of performing at least 25 per cent, more 
than its required duly. 

A flair average horse nhonld pnmp in 8 hours the quantities 

contained in the first 3columns; to the height in the 4th column; or sufficient 
to supply the number of locomotives in the 5th column, with about 2000 gallons 
each. Two men should do about one-third as much. 



A reaervolr. with a stand-pipe, or water column. Is preferable 
to the ordinary tank, when the locality admits of it; being less liabh- than the 
pump to get out of order; and being cheaper iu tbe end. The res-rvoir is sup 
posed to be filled by water flowing into it by gravity; and to have its bottom ai 

* The cost of windmill alone, for railway stations, vanes from about 5450 lor 
IS feet diameter, to $1500 for 36 feet diameter, at factory. 
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least about 8 feet above the rails; or at any greater height whatever that the 
pound and the height of the water may require. It may be excavated in the 

r und; lined with brick or masonry in cement; with a bottom of o&ncrete: 

it may be built above grouud, according to the locality. It may be roofed 
tnd covered in, or not; and It may be near the tracks, or at a considerable dig- 
tance from them, according to circumstances. From its bottom, an iron pipe 
rom 8 to 12 inches diameter, is carried (generally underground,) to within a few 
? eet of the track. At thm point it turns vertically upward to about 8 or 10 feet 
ibovc the track, forming a Ktnnd-pipe, or water •column; from the 
ipper end oi which the water flows (through either a hose or a jointed nozzle,) 
is in the case of a tank. Several such pipes, or one larger one, may he laid, for 
he supply of two or more engines at once, through as many stand-pipes. Where 
he pipe makes its bend,and becomes vertical, is a valve for opening and closing 
t; and which may be worked by a hand-wheel placed at such a height as to be 
sasily reached by the engine man. 

On some ot the more important lines, the tenders of flint trains scoop 
ip water, while running:, from a long trough, or “ track tank** 

ml between the rails. The tanks are about % mile long. They must of course l»e 
vel, and they therefore require a level tia< k. 

As originally introduced in England, by Ramsbottom, the trough was of cast- 
on, in lengths of about 6 ft. These were bolted together by moans of flanges at 
leir ends. The ends weie not m contact with each other, but were separated by 
si rip o! vulcanized riiblier. 



Our figure shows a track tank of ^ inch rolled plate-iron, the sheets of which 
i e 62 lus long. The lengths overlap each other 2 ins; leavmgS ft as their showing 
;ogth. The sheets are cut slightly tapei mg, so that at one end of each length 
lie trough is ^ In deeper than at the other, and the tops are thus kept flush with 
ach other throughout. The joints are double riveted with % inch rivets, about 
% ins from center to center, and staggered. At each end of the trough, the 
ottom slopes upward, and in a length of 6 ft, comes to the level of the tops of 
besides. The cross-ties are notched, as shown, to receive the trough, which is 
losely held to them by two spikes, S and S, m each tie. The heads of the spikes 
t over tlie horizontal flanges of the 1% X 1% inch augle bars, A and A. M and 
1 are mouldings of \% X % inch bar-iron. The angles and the mouldings are 
l lengths of 15 ft, and are riveted to the sides of the trough continuously 
jroughout its length. 

The scoop on the tende • is lowered into the trough, nnd raized from it, 
y means of a lever on the fireman's platform, and ia not permitted to touch the 
ottom of the trough. 

The trough is n applied with water by means of pipes lending from an ad- 
icent tank. The supply is regulated by a man in charge. 

To prevent the water from freezing: In winter, steam is led to the trough 
om the boiler of the pumping engine, through iron pipes laid under ground along 
de of the track. These pipes are provided with branches which introduce the 
;eam to the trough at every 40 ft of its length. The steam-pipes are protected by 
ooden boxes, and are furnished with valves for regulating the supply of steam. 
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KAILKOAD3. 


EARTHWORK. 

To prepare a Table. T, of level Cutting*, Tor every A of * 
fool of heiicht. or depth. 


Let the Or represent the cutting: or If Inverted 
the tilling, in which th. hmirmital hues are sup 
posed to he X root apart First calculate th* 
area m square feet, of the laver a b ro, adjoining 
the mud war a b. Then And how many cublo 
yards that area gives iti a distance of UK) feet. 
These cubic j arils we will call Y, tliev form the 
first amount to lie put into the Table T 

Next calculate tho area in square feet of the triangle a n o Muitiplv this wrea hy 4 Find^how 






j> : 

> a. 


K increased area gives in a distance or 100 feet Or ther will is- round ready 
We will call them y. This is all the preparation that is needed before 


... y cublo } arils t 
calculated below, 
commencing the table 

EXHU1.-I.et the roadbed a fc lie IK feet, and the side slopes to 1 Then for the area of a »e o • 
■nmr the side slopes are I % to 1 , and s Ms I foot, e r> must be 1ft S feet and the l «« th o * 

a b e a must be IK l& feet. Consequents, the area Is IH I.Of 1“ 1 Ml5 square feet, which, in ■ 

distanoe of 100 feet, gives IK1.5 ouhie feet, which is equal to -6 7222 cubic yard*, or Y. 

Next, at to the triangle a n o its height a n being .1 foot, and its base n o .15 feet; it* area 
= 1 X 15 0075 square ft. This multiplied by 4. gives 05 square feet, which, in a distanoe or 

100 feet, gives oH X 100 “3 cubic feet: which is equal to ^ - Mil cnblc yard , or y 

Having thus found Y and ». proceed to make out the table In the manner 
plain as to require no explanation The work should he te.ted about every a feet, by calculating the 
area of the full depth arrived at: multiply It by 100, and divide the product by 27 for the cubic yard* 
The cubic yards thus fouud should agree with tho table 


. 07222.Y. 6722 

. .1111 


6.8X13 

. .1111 


6.9444 

. .1111 


7.0565 

.1111 


7.1666 

. .1111 


13 6555 .2 
69444 


211 5000 
7 0555 


27 o555 .4 
7.1606 


34.7222 

42.0000 


- 

1 

Tablf T j 

Height 

Feet 

Cub. Yds. 

.1 . 

6.72 Y. 

.2 . 

13.6 

. 

20 5 

.4. 

27.6 

.5 .. . 

:t4.7 

.6. 

42.0 

Jfcc. 


The following table contains y. ready calculated for different side-dopes. It piainlj 
remains the same for all widths <A ro-idlted. 


Side-slope. 

y 

Side-slope. 

y 

to \ . 


Wlftl . 

.1296 

% t» 1 . 



... . . .1482 

. 0556 

2>< to 1. 

.166* 

1 to 1 . 


2*4 to I . 

.1852 


3' to 1 . 

.2222 

hi Si 


4 tol . 

.2963 
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Table 1. I.evel Catting*.* 

Roadway 14 feet wide, side-slopes lVj to 1. 


Tor single-track embankment. 


Height 
in Ft 

.0 

.1 

.2 

.3 

4 


.6 

.7 

.8 

.9 


Cu.Yda. 

Cu.Yda. 

Cu Yds iCu.Yds 

Cu Yds 

Cu Yds 

Cu Yds Cu Yds 

Cu Yds 

Cu Yd*. 

0 


5 24 

10 6 

16 1 

21 6 

27 3 

38 1 

39 0 

46 0 

51.2 

i 

57 4 

1)3 8 

70.2 

70S 

83.5 

90 3 

97.2 

104.2 

111.3 

118.8 

2 

125 9 

133 4 

141 0 

148 6 

150 4 

164.4 

172 4 

1M15 

1HK 7 

197.1 

3 

205 6 

214 1 

222.8 

231 6 

•240.5 

249.5 

258 7 

267.9 

277 3 

286.7 

4 

296.3 

306 0 

315.8 

325 7 

335.7 

845 S 

356.1 

3146 4 

376 9 

387.5 

5 

398 1 

408 9 

419.9 

430.9 

4420 

45:2 

464.6 

476 1 

487.6 

499 3 

6 

511.1 

523 0 

535 0 

647*2 

559 4 

571 8 

584 2 

59h 8 

609.5 

622.3 

7 

635 2 

648 2 

661 S 

674.6 

687 9 

701 l 

714.9 

728 6 

742 4 

766.8 

8 

770 3 

784 5 

798 7 

8131 

827.5 

842 1 

856 8 

871 6 

886 5 

901 L 

9 

916.7 

9 11.9 

947 3 

962 7 

978 3 

994 0 

1010 

1926 

1042 

1058 

10 

1074 

1090 

1107 

1123 

1140 

1157 

1174 

1191 

1208 

1225 

11 

1243 

1260 

1278 

1295 

1313 

1531 

1349 

1367 

1385 

1404 

12 

1422 

1441 

1459 

1478 

1497 

1516 

1535 

1554 

1574 

1593 

13 

1613 

urn 

1652 

1672 

1692 

1712 

17325 

1753 

1773 

1794 

14 

1815 

1835 

1856 

1877 

1898 

1920 

1941 

19*-2 

1984 

2000 

If* 

2028 

2050 

2072 

2094 

21 I.j 

2138 

2161 

2183 

2200 

2229 

16 

2252 

2275 

2298 

2321 

‘2344 

2368 

2391 

2415 

2439 

2463 

17 

2487 

2511 

25:45 

2559 

2584 

2608 

2633 

2658 

26x3 

2708 

18 

2733 

2759 

2784 

2809 

2835 

28 hi 

2886 

2912 

2938 

2964 

10 

2991 

3017 

3044 

3070 

3097 

3124 

3151 

3178 

3205 

3232 

20 

3259 

3287 

3314 

3342 

3370 

3398 

3426 

3454 

3482 

3510 

21 

3539 

3567 

35 *6 

3625 

3o54 

m3 

3712 

3741 

3771 

3800 

22 

3830 

3859 

3889 

3919 

3949 

3979 

4<>09 

4040 

4070 

4101 

23 

4132 

4162 

4193 

4224 

4255 

4287 

4318 

4349 

43X1 

4413 

24 

1144 

4476 

4508 

4541 

4 >7 3 

4605 

4638 

4670 

4703 

4736 

25 

4769 

4802 

4835 

4808 

4901 

49'55 

4968 

5002 

5036 

5070 

26 

5104 

5138 

5172 

5206 

5241 

5275 

5310 

5345 

5 WO 

5416 

27 

5450 

5485 

5.VJ1 

5.V.8 

5592 

5627 

5663 

5699 

5735 

6771 


5807 

r>M4 

5830 

5917 

5«*53 

59 *0 

6027 

BOM 

6101 

6139 

29 

6176 

6213 

6251 

6289 

0326 

0364 

6102 

6440 

6479 

6517 

30 

Im56 

6594 

6643 

6672 

6711 

6750 

6789 

6828 

6867 

6907 

81 

6016 

6 »86 

7026 

7006 

7106 

7146 

7186 

7226 

7267 

7:i07 

32 

73 m 

7389 

7430 

7471 

751*2 

7553 

7595 

7636 

7678 

7719 

33 

7761 

7803 

7845 

7887 

7929 

7972 

8014 

8057 

8099 

8142 

34 

8 IK.) 

8228 

8-271 

8315 

8458 

8401 

8445 

8489 

8532 

8576 

35 

8620 

8064 

8709 

8753 

8798 

8842 

8887 

8932 

8976 

9022 

36 

9067 

9112 

9157 

9203 

9248 

9294 

9340 

9386 

9432 

9478 

37 

9524 

9570 

9617 

9663 

9710 

9757 

9804 

9851 

9898 

9946 

38 

9991 

100 40 

10088 

10145 

10183 

10231 

10279 

10327 

10375 

10424 

39 

10472 

10521 

10569 

10618 

10607 

10716 

10765 

10815 

10864 

10913 

40 

109)21 

11013 

11062 

11112 

11162 

11212 

11263 

11313 

H364 

11414 

41 

11465 

11516 

11567 

11618 

11669 

11720 

11771 

11*28 

11874 

11928 

42 

11978 

12029 

12081 

12134 

12186 

12238 

12291 

12-543 

12396 

12449 

43 

12502 

12555 

12608 

12661 

12715 

12768 

12822 

12875 

12929 

12983 

44 

13037 

13091 

13145 

13200 

13254 

13309 

13363 

13418 

.3473 

13528 

45 

13583 

13639 

13694 

13749 

13805 

1 4861 

13916 [13972 

14028 

14084 

46 

14141 

14197 

14-254 

14310 

14367 

14424 

14430 

14537 

14595- 

14052 

47 

14709 

14767 

148-24 

14882 

14940 

14998 

15056 

15114 

15172 

15230 

48 

15289 

15347 

15406 

15465 

1-5524 

15583 

15642 

15701 

15761 

1582* 

49 

15880 

15939 

15999 

16058 

16119 

16179 

16239 

16300 

16360 

16421 

50 

16481 

16542 

16603 

'16664 

16725 

16787 

i«a« 

16909 

16971 

17033 

51 

170*4 

17156 

17218 

17280 

17343 

17405 

17467 

17530 

17593 

17666 

62 

17719 

17782 

17845 

17908 

17971 

180.35 

18098 

18162 

18228 

18299 

63 

18354 

18418 

18482 

18546 

18611 

18675 

18740 

18806 

18^70 

18935 

54 

19000 

19065 

19131 

19196 

19262 

19327 

19393 

19469 

19525 

19591 

65 

19657 

19724 

19790 

19857 

19925 

19990 

2(8157 

20124 

20191 

20259 

56 

120328 

•20393 

•20461 

20529 

20596 

20664 

20732 

20800 

20809 

20987 

57 

21005 

21074 

21143 

21212 

2V280 

21349 

21419 

21488 

21657 

21627 

58 

21696 

21766 

21836 

21906 

2197*i 

22046 

22116 

22186 

22257 

22327 

69 

122398 

2-2469 

22540 

22611 

22682 

22753 

22825 

22896 

22968 

23039 

60 

[23111 

23183 

23255 

23327 

23399 

2-5472 

23544 

23617 

23689 

23762 


* Fnwu tue Auin»i **■ Hessurement *tid Com of Esrthwork.” 
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RAILROADS. 


Height 
In Pi. 


0 

1 

2 


6 

e 

7 

8 
9 

10 

11 

12 

13 

14 
16 
16 

17 

18 
19 


Table 2. Level Cutting*. 

Roadway 24 feet wide, side-slopes 1% to 1. 
For double-track embankment. 


.0 

.1 

.2 

.3 

.4 | 

.5 

G 

.7 

8 

.9 

Cu Yds. 

Cu.Ydt. 

Cu.Ya* 

Cu.Yd*. 

Cu.Yd* 1 

Cu.Yd*. 

Cu.Yd*., 

Cu.Yd*. 

Cu.Yd*. 

Cu.Yd*, 


8.94 

18.0 

27.2 

.-ifi.i 

45.8 

66.3! 

64.9 

74 7 

84.5 

944 

104.5 

114.7 

124.9 

1353! 

145.8 

160.4', 

107.2' 

178 0 

188.0 

200 0 

211.2 

222.4 

233.8, 

245.3, 

256.9 

268.6 

280.6 

292.4 

304 4 

316.6 

328.9 

341.2 

353.7 

366.3 

379.0 

391.9 

404 8: 

417.8 

431.0 

444 4 

467 8 

471.3 

484.9 

498 6! 

512.4 

626.4 

6404 

664 6 

668.8 

683.3 

697.8 

612.4 

627.1; 

642 0 

066 9 

071.9 

687.1 

702.3 

717.7 

733;} 

748.9 

764.7 

780.5 

796.4 

• 812 6 

828.7 

844.9 

861.3 

877.8 

894.4 

911.2 

928.0 

944 9 

962 0 

979.2 

996 4 

1014 

1031 

1049 

1067 

1085 

1102 

1121 

1139 

11*67 

1175 

1194 ; 

1212 

1231 

1260 

1269 

1288 

1307 

1326 

1346 

1365 

1385 

1405 

1426 

1444 

1465 

1485 

1505 

1625 

1540 

1566 

1587 

1608 

1629 

1650 

1671 

1802 

1714 

1736 

1767 

1779 

1800 

1822 

1845 

1867 

1889 

1911 

1934 

1956 

1979 

2002 

2025 

2048 

2071 

2094 

2118 

2141 

2166 

2189 

2213 

22110 

2201 

2285 

2309 

2333 

2368 

2382 

2407 

2432 

2467 

24R2 

2607 

2532 

2658 

2683 

2609 

2636 

2661 

2680 

2713 

2739 

2766 

2701 

2818 

2844 

| 2871 

2898 

2925 

2952 

2979 

3006 

3034 

3061 

.308<i 

3117 

3145 

3172 

3201 

3229 

3257 

3286 

3314 

3342 

3371 

3400 

3429 

3458 

3487 

3616 

3646 

3676 

3605 

3635 

3065 

3094 

3725 

3756 

3785 

3816 

3840 

3876 

3907 

3938 

3909 

4000 

40.il 

4062 

40<U 

4125 

4157 

4189 

4221 

4262 

4285 

4317 

4349 

4381 

4414 

4446 

4479 

4612 

4645 

4678 

4611 

4644 

4678 

4711 

4745 

4779 

4813 

4846 

4881 

4015 

4949 

4983 

5018 

6052 

5087 

5122 

6157 

6192 

6227 

5262 

5298 

6333 

5369 

6405 

6441 

5476 

5613 

6649 

5585 

5021 

6658 

6694 

6731 

6768 

680.6 

5842 

6879 

5916 

5954 

6991 

6029 

6067 

6105 

6142 

6181 

6219 

6257 

0295 

6384 

6372 

6411 

6460 

6489 

6628 

6667 

0606 

6646 

01,85 

6726 

6766 

6805 

6844 

6886 

6926 

6965 

7006 

7046 

7086 

7127 

7168 

7209 

7260 

7291 

7332 

7374 

7416 

7457 

7499 

7641 

7582 

7626 

7667 

7709 

7751 

7794 

7836 

7879 

7922 1 

7966 

8008 

8051 

8094 

8138 

8181 

8225 

8269 

8313 

8366 . 

8401 

8445 

8489 

8633 

8678 

8622 

8667 

8712 

8767 

8802 j 

8847 

8892 

8938 

8983 

9029 

9075 

9121 

9100 

9212 

9269 

9305 

9351 

9.398 

9444 | 

9491 

9538 

9586 

9632 

9079 

0726 

97 74 

9821 

9869 

9917 

9966 

10012 

10061 

10109 

10167 

10206 

10254 

10302 

10351 

10400 

10449 

10498 

10547" 

10596 

10646 

10695 

10745 

10796 

10846 

10894 

10946 

10996 

11046 

11095 

11140 

11196 

11247 

11298 

11349 

11400 

11461 

11602 

11554 

11605 

11657 

11709 

11701 

11812 

11866 

11917 

11969 

12021 1 

12074 

12126 

12179 

12232 

12286 

123.38 

12391 

12444 

12498 , 

12551 I 

12006 

12859 

12713 

12766 

12821 

12875 

12929 

12983 

13038 1 

13092 ; 

13147 

13202 

13257 

13312 

13367 

13422 

1347? 

13633 

13589 i 

13645 1 

13701 

13756 

13813 

13869 

13925 

13981 

14038 

14094 

14161 

14208 1 

14265 

U3'22 

14379 

14436 

14494 

14561 

14609 

14667 

14726 

147 82 

14840 

14899 

14957 

15015 

15074 

15132 

15191 

16260 

16309 

16368 

15427 

15486 

16640 

16606 

16665 

16725 

15785 

15844 

15906 

16966 

16025 

16086 

16146 

16206 

16267 

16328 

10389 

16460 

16611 

16672 

16634 

10695 

16767 

10819 

16881 

10942 

17005 

17067 

17129 

17191 

17264 

17316 

17379 

17442 

17606 

17668 

17031 

17694 

17768 

17821 

17886 

17949 

18013 

18076 

18141 

18206 

18289 

18333 

18398 

18462 

18627 

18592 

18667 

18722 

18787 

18862 

18918 

18983 

19049 

19116 

19181 

19246 

19313 

19379 

19446 

10611 

19578 

19644 

19711 

19778 

19846 

19912 

19979 

20046 

20114 

*20181 

20249 

20317 

20386 

20452 

20521 

20689 

20667 

20725 

20794 

20862 

20931 

21000 

21009 

21138 j 

21207 

21276 

21340 

21416 

21486 

21565 

21025 

21694 

21766 

21835 

21906 

21975 

22046 

22116 

22187 

22268 

22329 

22400 

22471 

22642 

2-2614 

22685 ; 

22757 

22829 

22901 

22972 

23046 

23117 

'23189 

23261 

23334 

28406 

23479 

23652 

23626 

23098 

23771 

23844 

23918 

23991 

24066 

24139 i 

24213 

24286 

24301 

24436 

24509 

24583 

24068 

24732 

24807 

24882 

24067 

25082 

25107 

26182 

28268 

26333 

26409 

26485 

25661 

26630 

26713 

26789 

25806 

26941 

20018 
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Table 3. Level Cutting's. 

Roadway 18 feet wide, side-slopes 1 to 1. 


For single-track excavation. 


Depth 
in Ft. 

.0 

.1 

, 

.8 

.4 

.5 

.6 

.7 

.8 

.9 


Gu.Yd*. 

Cu.Yile. 

Gu.Yd. 

Gu.Yd*. 

Gu.Yd. ,Cu Yds. 

Cu.Yd. 

Gu.Yd. 

Gu.Yd. 

Cu.Ydu. 

0 


6 70 

13 5 

20 3 

27.3 

34 3 

41.3 

48 5 

65 7 

63 0 

1 

70 4 

77.8 

85 3 

92 9 

100 6 

108 3 

1161 

124.0 

132 0 

140.0 

2 

148 1 

156.3 

164.6 

172 9 

1813 

189 8 

19S.4 

207 0 

215 7 

224.5 

3 

233 3 

242 3 

251.3 

260 3 

269 5 

278.7 

288 0 

297 4 

306.8 

316.3 

4 

325 9 

335 6 

345.3 

355.1 

365 0 

375.0 

385.0 

395.1 

405.3 

415 0 

5 

425 9 

436.3 

446 8 

457.4 

468.0 

478.7 

489 5 

600.3 

611.3 

622 3 

6 

533.3 

544.5 

555.7 

567.0 

578.4 

589 8 

601.3 

612.9 

624 6 

6710.3 

7 

648 1 

660 0 

672 0 

684 0 

696.1 

708.3 

720 6 

732.9 

745.3 

757.8 

8 

770.4 

783 0 

795 7 

808.5 

821.3 

834.3 

847 3 

800 3 

873.6 

880.7 

9 

900.0 

913.4 

926 8 

940 a 

953 9 

91*7.6 

981.3 

995 1 

1009 

1023 

10 

1037 

1051 

1065 

1080 

1094 

1108 

1123 

1137 

1152 

1167 

11 

1181 

1198 

1211 

1226 

1241 

1256 

1272 

1287 

1302 

1318 

12 

1333 

1349 

1365 

1380 

1396 

1412 

1428 

1444 

1460 

1478 

13 

1493 

1509 

1526 

1542 

1558 

1575 

1592 

1008 

1025 

1042 

14 

1659 

1676 

1693 

1711 

1728 

1745 

1763 

1780 

1798 

1816 

15 

1833 

1851 

1869 

1887 

1905 

1923 

1941 

1900 

1978 

1990 

16 

2015 

2033 

2052 

2071 

2089 

2108 

2127 

2140 

2105 

2184 

17 

2204 

222.3 

2242 

2262 

2281 

2301 

2321 

2340 

2360 

2380 

18 

2400 

2420 

2440 

2460 

2481 

2501 

2521 

2542 

2562 

2583 

19 

2604 

2624 

2645 

2666 

2687 

2708 

2729 

2751 

2772 

2793 

20 

2815 

2836 

2858 

2880 

2901 

2913 

2945 

2907 

2989 

44011 

21 

3013 

3056 

3078 

3100 

3123 

3115 

3168 

3191 

3213 

3-230 

22 

3259 

3282 

3305 

3328 

3352 

3375 

3398 

3422 

3445 

3469 

23 

3493 

3516 

3540 

3564 

3588 

3612 

3636 

3600 

3685 

3709 

24 

3733 

37 58 

3782 

3807 

3832 

3856 

3881 

3906 

3931 

3956 

25 

3981 

4007 

4032 

4057 

4083 

4108 

4134 

4100 

4185 

4211 

26 

4237 

4263 

4289 

4315 

4341 

4368 

4394 

4420 

4447 

4473 

27 

45(H) 

4527 

4553 

4580 

4607 

4634 

4601 

4088 

4710 

4743 

28 

477D 

4798 

4825 

4853 

4881 

4908 

4930 

4964 

4992 

5020 

29 

5048 

5076 

5105 

5133 

5161 

5190 

6218 

6247 

6270 

5.104 

30 

5333 

5362 

5391 

5420 

5449 

5479 

5508 

6537 

65G7 

5596 

31 

5626 

5656 

5685 

5715 

5745 

5775 

5805 

5836 

5805 

5896 

32 

5'*2fl 

5956 

5987 

6017 

<8)48 

6079 

6109 

6140 

6171 

0202 

33 

(.233 

0264 

6296 

6327 

6358 

6390 

6121 

0453 

0485 

0516 

34 

(*548 

6580 

6612 

6644 

6076 

6708 

0741 

6773 

6805 

6S38 

35 

('•870 

6903 

6936 

6968 

7001 

7034 

7007 

7100 

7133 

7167 

36 

7200 

7233 

7267 

7300 

7334 

7368 

7401 

7435 

7469 

7503 

37 

7’>37 

7571 

7605 

7 

7674 

7708 

7743 

7777 

7812 

7847 

38 

7881 

7918 

7951 

7986 

8021 

8056 

8092 

8127 

8162 

8198 

39 

8233 

8269 

8305 

8340 

8376 

8412 

8448 

8484 

8520 

8556 

40 

8593 

8629 

8665 

8702 

8738 

8775 

8812 

8848 

8885 

8922 

41 

8959 

8996 

9033 

9071 

9108 

9145 

9183 

9220 

9258 

9296 

42 

93.13 

9.171 

9409 

9447 

9485 

9523 

9561 

9600 

9638 

9676 

43 

9715 

9753 

9792 

9831 

9869 

9908 

9947 

9986 

10025 

10064 

44 

10104 

10143 

10182 

102-22 

10261 

10301 

10341 

10380 

10420 

10460 

45 

10500 

10540 

10580 

10620 

10061 

10701 

10741 

10782 

1082*2 

10868 

40 

10904 

10944 

10985 

11026 

11067 

11108 

11149 

11191 

1123*2 

11273 

47 

11315 

11356 

11198 

11440 

11481 

11523 

11565 

11607 

11649 

11691 

48 

11733 

11770 

11818 

11800 

11903 

11945 

11988 

12031 

12073 

12110 

49 

12159 

12202 

1--215 

12288 

12332 

12375 

12418 

12462 

12505 

12549 

50 

12593 

12636 

12680 

12724 

12768 

12812 

12850 

12900 

12945 

12989 

51 

13033 

13078 

13122 

13167 

13212 

13250 

13301 

13340 

13391 

13430 

52 

13481 

13527 

113572 

13617 

13663 

13708 

13754 

13800 

13845 

13891 

53 

13937 

13983 

14029 

14075 

14121 

14168 

14214 

14260 

14307 

14368 

64 

14400 

14447 

14493 

14540 

14587 

14634 

14081 

14728 

14770 

14828 

66 

14870 

14918 

14965 

15013 

15061 

15108 

15156 

15204 ' 

15252 

15300 

56 

15348 

15396 

15445 

15493 

15541 

15590 

15638 

15687 

16730 

15784 

57 

15833 

15882 

15931 

15980 

16029 

10079 

16128 

17177 

16227 

16270 

58 

16326 

16S76 

164-26 

16175 

K525 

1657.1 

16625 

16676 

16725 

16770 

59 

16826 

16876 

10927 

16977 

17028 

17079 

17129 

17180, 

17231 

17282 

60 

17333 

17384 

17430 

17487 

17538 

17590 

17641 

17093 

17745 

17700 


For eonUnuBttan WMMM teep, wet T.bte I. 
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Table 4. Level Cuttings. 

Roadway 18 feet, aide-slopea 1% to 1. 

For Bingle-traok excavation. 

.0 .1 .2 .3 j .4 i .5 .8 .7 8 _ | _ 

Cu.Yds. Cu.Yds. Cu.Yds Ou Yds Cu.Yds Cu.Yds Cu.Yds Cu Yds Cu Yds. Cu.Yds. 

0 6.72 13.6 20 5 27 ft! 34.7 42.0 40.4 66.9 64.5 

1 72.2 80 1 88.0 96.1 104 2 112.5 120.9 129.4 1880 146 7 

2 155.5 j 164 5 173 5 182.7 191 9 201.3 210 8 220.4 230.1 240.0 

3 249 9 ; 260 0 270 1 280.4 290 « 301.3 311.9 322.6 833 4 344 5 

4 355 5 366.7 378.0 3-9.4 400.9 412 5 424 2 436 0 448 0 460 0 

6 472.2 484.5 496.9 509.4 522 0 5347 647.6 666 5 673.6 686 7 

6 600 0 613.4 626.9 640.5 654.2 668 1 682 0 696.1 710.2 724 5 

7 738.9 753 4 768 0 782 7 797 0 812.5 827.6 842.7 858.0 873.4 

8 888 9 904.6 920 2 936.1 952 0 968.1 984 2 1001 1017 1033 

9 1050 1067 1084 1KH 1118 1135 1152 1169 1187 1205 

10 1 222 1 240 1258 1276 1294 1313 1331 1349 1368 1387 

11 1406 1425 1444 1463 1482 1501 1621 1541 1560 1680 

12 1600 1620 1640 1661 1681 1701 1722 1743 1764 1785 

13 1806 1827 1848 1869 1 891 1913 1934 1956 1978 2000 

14 2022 2045 2067 2089 2112 2136 2168 2181 22«4 2227 

16 2250 2273 2297 2321 2344 2368 2392 2410 2440 2465 

16 2489 2513 2538 2563 2588 2813 2638 2603 2688 2713 

17 2739 2765 2790 2816 28+2 2868 2894 2921 2947 2973 

18 3000 3027 3054 3081 3108 3135 3162 3189 3217 3245 

19 3272 3390 3328 3356 3381 3413 3441 3469 3498 3527 

20 3556 3585 3614 3643 3672 3701 3731 3761 3790 3820 

21 3850 3880 3910 3941 3971 4001 4032 4063 4094 4125 

22 4156 4187 4218 4249 4281 4313 4344 4376 4408 4440 

23 4472 4505 4537 4M*9 4602 4635 4668 4701 4734 4767 

24 4800 4833 4867 4901 4934 4968 5002 5036 5070 5105 

25 5139 5173 5208 5243 5278 6 03 5318 5383 5418 5453 

26 5189 5525 5560 6696 5632 5668 5701 6741 5777 5813 

27 5850 5887 5924 6961 6998 6035 607 2 6109 6147 6185 

28 6222 6200 6298 6336 6374 6413 6451 6489 6528 6567 

29 0606 6645 0684 6723 6762 6801 6841 688 ! 6920 6960 

30 7000 7040 7080 7121 7161 7201 7242 7283 7324 7305 

31 7406 7447 748B 7529 7571 7613 7654 7696 7738 7780 

32 7822 7865 7907 7949 7992 8035 8078 8121 8164 8207 

33 8250 8293 8337 8381 8424 8468 8512 8556 8600 8645 

84 8689 8733 8778 8823 8868 8913 8958 9003 9048 9093 

35 9139 9185 9230 9276 9322 9368 9414 9461 9507 9553 

36 9600 9647 9694 9741 9788 9835 9882 9929 9977 10025 

87 10072 10120 10168 10216 10264 10313 10361 10409 10458 10507 

88 10556 10605 10654 10703 10752 10801 10851 10901 10950 11000 

39 11050 11100 11150 11200 11251 11301 11352 11403 11454 11606 

40 11558 11607 11658 11709 11761 11813 11864 11916 11968 12020 

41 12072 12125 12177 12229 12282 12335 12388 12441 12494 12547 

42 12600 12653 12707 12761 12814 12868 12922 12976 13030 13085 

43 13139 13193 13248 13303 13358 13413 134G8 13523 13578' 13633 

44 13089 13745 13800 13856 13912 13968 14024 14081 14137 1419? 

16 14250 14307 14364 14421 11478 14536 14592 14« 49 14707 1 4765 

46 14822 14880 14938 14996 15054 15113 15171 15229 152-8 15347 

47 15406 15465 15524 15583 15Q42 15701 15761 15821 15880 15910 

48 16000 16060 16120 16181 16241 16301 16362 16423 16484 16545 

49 16606 16667 16728 16789 16851 16913 16974 17036 17008 17160 

60 17222 17285 17347 17409 17472 17535 17598 17661 17724 17787 

61 17850 17913 17977 18041 18104 18168 18232 18296 18360 18425 

62 18489 18553 18618 18683 18748 18813 18878 18943 19008 19073 

63 19139 19206 19270 19336 19402 19468 19534 19601 19667 19733 

64 19800 19867 19934 20000 20068 20135 20202 20269 20337 20405 

65 20472 20540 20608 20678 20744 20813 208M 20919 21018 21087 

66 21158 21225 21294 21363 21432 21501 21571 21641 21710 21780 

67 21860 21920 21990 22061 22131 22201 22272 22313 22414 22485 

68 22556 22627 22698 22769 2-2841 22913 22984 23056 23128 23200 

69 23272 23345 23417 23489 23562 23636 23708 23781 23854 2392? 

60 2400a 24078 24147 24221 1 24294 24368 24442 124516 24590 ,24666 

~~~ For ooatinwdoa to ISO (Ml 4MS fetS »• 
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Table S. Level Cuttings. 

Roadway 28 feet wide, side-slopes 1 to 1. 

For double-traok excavation. 


Depth 
ir Ft. 

.0 

.1 

.2 

1 - 3 

.4 

.5 

.6 J 

, 1 

.8 1 

.9 


Cu.Yds. 

Co.Yda. 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.Yda.Cu.Yda.i 

Cu.Yda.Icu Yda.| 

Ou.Yda. 

0 


10.4 

*20.9 

31.4 

42.1 

52 8 

83 6 

74 4 

85 3 

96.8 

1 

107.4 

118.6 

129.8 

141.1 

152.4 

103 9i 

175,4 

187.0 

198 7 

210.4 

2 

222 2 

234.1 

246 1 

2581 

270.2 

282 4| 

294.7 

307.0 

319 4 

331.9 

3 

344.4 

357.1 

369.8 

382.6 

395.4 

408.3 - 

4213 

434.4 

447 0 

460.8 

4 

474.1 

487.4 

500 9 

514.4 

528 0 

541.7 

565.4 

569.2 

683.1 

697 1 

3 

611 l 

025.2 

639.4 

653.7 

668.0 

682.4 

690.9 

7114 

726.1 

740.8 

6 

755 6 

770.4 

785.4 

800 4 

815.5 

830 6 

845 8 

861.1 

876.5 

891.9 

7 

907 5 

923.0 

938.7 

954.5 

970.3 

980.2 

1002 

1018 

1034 

1050 

8 

1087 

1083 

1099 

1116 

1132 

1149 

1166 

1182 

1199 

1216 

9 

1233 

1250 

1207 

1285 

1302 

1319 

1337 

1354 

1372 

1390 

10 

1407 

1+25 

1443 

1461 

1479 

1497 

1615 

1534 

1662 

1670 

11 

1589 

1607 

1626 

1645 

1664 

1682 

1701 

1720 

1739 

1769 

12 

1778 

1797 

1810 

1830 

1855 

1875 

1895 

1914 

1934 

1954 

13 

1974 

1994 

2014 

2034 

2055 

2075 

2095 

2116 

2136 

2167 

14 

2178 

2199 

2219 

2240 

2261 

2282 

2304 

2.325 

2348 

2367 

16 

2389 

2410 

2432 

2454 

2475 

*2497 

2519 

*2541 

*2563 

*2685 

16 

2007 

2610 

2652 

2674 

■2697 

2719 

2742 

2765 

*2788 

2810 

17 

2833 

2856 

2879 

2903 

2920 

2949 

2972 

2996 

30111 

3048 

18 

3067 

3090 

3114 

3138 

3162 

3186 

3210 

3*234 

3259 

3288 

19 

3307 

3332 

3350 

3381 

3406 

3431 

3465 

3480 

.3505 

3530 

20 

3556 

3581 

3006 

3611 

.3057 

3682 

3708 

3734 

3769 

3785 

21 

3811 

3837 

3863 

3889 

3915 

3942 

3968 

3994 

4021 

4047 

2 & 

4074 

4101 

4128 

4154 

4181 

4208 

4255 

4263 

4290 

4317 

23 

4344 

4372 

4399 

4427 

4155 

4482 

4510 

4538 

4566 

4594 

24 

4622 

4650 

4679 

4707 

4735 

4764 

4792 

4821 

4850 

4879 

25 

4907 

4936 

4965 

4994 

5024 

5053 

508*2 

5111 

5141 

5170 

28 

5200 

5230 

5259 

5289 

5119 

5349 

6379 

6409 

5439 

6476 

27 

5500 

5530 

5561 

! 5591 

5622 

5653 

5084 

5714 

6745 

6776 

28 

5807 

5839 

5870 

5901 

5932 

5964 

5995 

60*27 

6059 

6090 

29 

6122 

6154 

6186 

6218 

6250 

0282 

6315 

6.347 

6379 

0412 

80 

6444 

0477 

6510 

6543 

6575 

6«*08 

6641 

0674 

6708 

6741 

81 

67 74 

6807 

6841 

0874 

6908 

6942 

0975 

7009 

7043 

707T 

32 

7111 

7145 

7179 

7214 

7248 

7282 

7317 

7351 

7380 

7421 

33 

7456 

7490 

7525 

7500 

7595 

7631 

7666 

7701 

7730 

7772 

34 

7807 

7843 

7879 

7914 

7950 

7986 

8022 

8058 

8094 

8130 

36 

8107 

8203 

8239 

8270 * 

8312 

8 549 

8386 

8423 

8459 

8496 

36 

8533 

8570 

8608 

8645 

8082 

8719 

8757 

8794 

8*32 

8870 

87 

H907 

8945 

8983 

9021 

90.9 

9097 

9135 

9174 

9212 

9260 

38 

9289 

9327 

9366 

9405 

9444 

M82 

9521 

0560 

9509 

9639 

39 

9678 

9717 

9750 

9790 

9835 

9875 

9915 

9954 

9994 

10034 

40 

10074 

10114 

10154 

10194 

10235 

10275 1 

10315 

10366 

1(1390 

10437 

41 

10178 

10519 

10559 

10600 

10641 

10682 

10724 

107*5 

10N(»6 

10847 

42 

10889 

10910 

10972 

11014 

11055 

11097 

11139 

11181 

11223 

11266 

43 

11.107 

11150 

11392 

11434 

11477 

11519 

11562 

11605 

11648 

H69f 

44 

11733 

11776 

11819 

11863 

11906 

11919 

1199*2 

12036 

12079 

12123 

45 

12167 

12210 

12254 

12298 

12342 

12386 

12430 

12474 

1*2519 

12563 

46 

12607 

12652 

12696 

12741 

12786 

1*2831 

12875 

129*20 

12965 

18010 

47 

13050 

13101 

13146 

13191 

13237 

13*282 

1.3328 

1.3374 

13419 

13465 

48 

13511 

135S7 

13603 

13649 

13695 

13742 

1.3788 

[138.34 

14.30.3 

13881 

13927 

49 

13974 

11021 

14068 

14114 

14161 

14*208 

14*255 

14360 , 

14397 

60 

14444 

14492 

14539 

114587 

14615 

14682 

14730 

'14778 

148*26 1 

14874 

H 

,14922 

14970 

15019 

15067 

15116 

15104 

1521*2 

15201 

15310 

15359 

62 

,15407 

15456 

15505 

15.154 

15604 

15653 

1670*2 

15751 

16801 

|15850 

53 

15900 

15950 

15999 

16049 

16099 

16149 

16199 

10249 

16299 

16350 

64 

16400 

10450 

16501 

16551 

16602 

16653 

16704 

(16754' 

16805 

16856 

66 

16907 

16959 

17010 

17061 

17112 

17164 

17215 

1 17 267 

17319 

17370 

66 

117422 

17474 

17520 

17578 

17630 

17082 

17735 

17787 

17839 

17892 

67 

17944 

17997 

1805p 

18103 

18155 

18208 

18261 

18314 

18368 

18421 

68 

118474 

18527 

18581 

18634 

18688 

18742 

18795 

18849 

18903 

18957 

69 

llW'll 

19065 

19119 

19174 

19*228 

19282 

19337 

19391 

19446 

19501 

60 

|19556 

19610 

19665 

19720 

1977 5 

! 19831 

19886 

19941 

19996 

20052 


For continuation 100 feet Me Tahle 7. 
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Table 6. Level Cuttings. 

Roadway 28 ft wide, side-slopes 1J4 to L 
For double-track excavation. 


Depth 
in Ft 

.0 

.1 

.2 | 

.3 ! 

.4 

.6 

.6 

.7 

.8 

.9 


Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.Yds 

Cu.Yds. 

Cu.Yds. 

U 


10.4 

21.0 

31.6 

42.4 

63.2 

64.2 

76 3 

86 5 

97.9 

1 

109.3 

120.8 

132.6 

144.3 

166.1 

168.1 

180.2 

192.4 

204.8 

217.2 

2 

229.6 

242.3 

266 0 

267.9 

280.9 

294.0 

307.2 

320.6 

334 0 

347.6 

8 

361.2 

374 9 

388.8 

402.8 

416.9 

431.1 

445.4 

469.9 

474.4 

489.1 

4 

603.7 

618.6 

533.6 

648 6 

663.0 

679.3 

694 7 

610 2 

626.8 

641.6 

6 

667.« 

673.4 

689.5 

705.7 

722.1 

7S8.6 

7650 

7717 

788.4 

806.3 

6 

822.2 

839.3 

856.6 

873.8 

891 2 

908 8 

926.4 

944 2 

962.0 

980.0 

7 

998.1 

101b 

1036 

1053 

1072 

1090 

1109 

1128 

1147 

1166 

8 

1185 

1204 

1224 

1243 

1263 

1283 

1303 

1322 

1343 

1363 

9 

1383 

1403 

1424 

1445 

1465 

1486 

1607 

1528 

1649 

1671 

10 

1692 

1614 

1635 

1657 

1679 

1701 

1723 

1745 

1767 

1790 

11 

1812 

1836 

1858 

1881 

1904 

1 1927 

1950 

1973 

1997 

2020 

12 

2044 

2068 

2092 

2116 

2140 

2164 

2189 

2213 

2*38 

2262 

18 

2287 

2312 

2337 

2362 

2387 

2413 

2438 

2464 

2489 

2616 

14 

2641 

2687 

2593 

2619 

2645 

2672 

2698 

2725 

2752 

2770 

15 

2806 

2833 

2860 

2887 

2916 

2942 

2970 

2997 

3026 

3063 

16 

3081 

3109 

3138 

3166 

3195 

3223 

3262 

3281 

3310 

3339 

17 

3368 

3397 

3427 

3466 

3486 

3516 

3646 

3576 

3606 

3636 

18 

3667 

3697 

3728 

3768 

3780 

3820 

3861 

3882 

3913 

3944 

19 

3976 

4007 

41X19 

4070 

4102 

4134 

4166 

4198 

4231 

4263 

20 

4296 

4328 

4361 

4394 

4427 

4460 

4493 

4527 

4660 

4594 

21 

4627 

4661 

4695 

4729 

4763 

4797 

4832 

4866 

4900 

4935 

22 

4970 

5006 

6040 

6076 

5111 

6146 

6181 

6217 

5263 

5288 

23 

5324 

6360 

6306 

5432 

6469 

6505 

6642 

6578 

6616 

6662 

24 

5689 

6726 

5763 

6800 

6838 

6876 

5913 

6051 

6989 

6027 

26 

6065 

6103 

6141 

6179 

6218 

6267 

6206 

6334 

6373 

6412 

26 

6451 

6491 

6530 

6570 

6609 

6649 

6689 

6729 

6769 

6809 

27 

6860 

6890 

6931 

6971 

7012 

7063 

7094 

7136 

7176 

7217 

28 

7259 

7300 

7342 

7384 

7426 

7468 

7610 

7662 

7694 

7637 

29 

7680 

7722 

7765 

7808 

7861 

7894 

7937 

7981 

8024 

8067 

80 

8111 

8166 

8199 

8243 

8287 

8331 

8375 

8420 

8464 

8609 

81 

8564 

8598 

8643 

8688 

8734 

8779 

8824 

8870 

8915 

8961 

82 

9007 

9063 

9099 

9146 

9191 

9238 

9284 

9331 

9378 

942;. 

33 

9472 

6619 

9566 

9613 

9661 

9708 

9766 

9804 

9861 

9900 

84 

9948 

9997 

10045 

10093 

10142 

10190 

10239 

10288 

10337 

10386 

86 

10435 

10484 

10634 

10583 

10633 

40683 

10732 

10782 

10832 

10882 

86 

10933 

10983 

11034 

11084 

11135 

11186 

11237 

11288 

11339 

11391 

87 

11443 

11494 

11646 

11598 

11649 

11701 

11763 

11806 

11868 

11910 

88 

11963 

12016 

12068 

12121 

12174 

12227 

12281 

12334 

12387 

12441 

39 

12494 

12648 

12602 

12656 

12710 

12784 

12819 

12873 

12928 

12982 

40 

13037 

13092 

13147 

13202 

13257 

13312 

13368 

13423 

13479 

13535 

41 

13591 

13647 

13703 

13769 

13816 

13872 

13928 

13986 

14042 

14099 

42 

14166 

14213 

14270 

14327 

14385 

14442 

14500 

14668 

14615 

14673 

43 

14731 

14790 

14848 

14906 

14965 

15024 

15082 

15141 

16200 

16269 

44 

15318 

15378 

15437 

16497 

16556 

15616 

16C76 

15736 

16796 

15866 

46 

15917 

16977 

16038 

16098 

16169 

16220 

16281 

16342 

16403 

16466 

46 

16526 

16687 

16649 

16711 

16773 

16835 

16897 

16969 

17021 

17084 

47 

17146 

17209 

17272 

17336 

17398 

17461 

17524 

17687 

17661 

17714 

48 

17778 

17842 

17905 

17969 

18033 

18098 

18162 

18226 

18291 

18356 

49 

18420 

18486 

18660 

18616 

18680 

18746 

18811 

18877 

18942 

19008 

60 

19074 

19140 

19206 

19272 

19339 

19406 

19472 

19638 

19605 

19672 

61 

19739 

19806 

19873 

19940 

20008 

20075 

20143 

20211 

20279 

20347 

62 

20415 

20483 

20551 

20620 

20688 

20767 

20826 

20694 

20963 

21032 

58 

21102 

21171 

21241 

21310 

213-0 

21460 

21519 

21689 

21669 

21730 

64 

21800 

21870 

21941 

22012 

22082 

22153 

22224 

22296 

22366 

22438 

66 

22509 

22681 

22B62 

22724 

22796 

22868 

22940 

23012 

23086 

23157 

66 

23230 

23302 

23376 

23448 

23521 

23694 

23667 

23741 

23814 

23888 

67 

23961 

24035 

24109 

24183 

24257 

mu 

24406 

24480 

24654 

24629 

68 

24704 

24779 

24864 

24929 

25004 

26070 

25165 

25230 

26306 

26381 

69 

26467 

26688 

25609 

26686 

25762 ! 

26838 

26915 

26992 

26068 

26146 

60 

26222 

26299 

26376 ! 

26464 ; 

26631 | 

26609 

26686 ! 

26764 

26842 

26920 


For continuation to 400 feet, see Table I* 
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Table 7. Kerel Cuttings. 

Continuation of the ilx foregoing Table* of Cablo Contents, to 100 feet of height or depth. 


Height 
or Depth 
in Feet. 

Table 

1 

Table 

2 

1 « 

Table 

4 

» % 

Table 

6 


Ou. Yds. 

Cu. Yds. 

Cu. Yds. 

Cu. Yd*. 

Cu. Yd*. 

Cu. Yd*. 

61 

23835 

26094 

17848 

24739 

20107 

26998 

•5 

24201 

26479 

18108 

25113 

203S6 

27390 

62 

24570 

26807 

18370 

25489 

20667 

27 7 85 

.5 

24942 

27257 

18634 

258C8 

20019 

28183 

63 

25317 

27650 

18900 

26250 

21233 

28583 

.ji 

25694 

2S046 

19168 

26635 

21510 

2S986 

64 

26074 

28444 

19437 

27022 

21807 

29393 

.5 

26457 

28810 

19708 

27413 

22097 

29801 

65 

26843 

29250 

19981 

27806 

22389 

30213 

.5 

27231 

29657 

20256 

28201 

22682 

30627 - 

66 

27622 

30007 

20533 

28600 

22978 

31044 

.5 

28016 

30479 

20812 

29001 

23275 

31464 

67 

28413 

30894 

21093 

29406 

23574 

31887 

.5 

28812 

31313 

21375 

29813 

23875 

32312 

68 

29215 

31733 

* 21659 

30222 

24178 

32741 

.5 

29620 

32157 

21945 

30635 

24482 

33172 

69 

30028 

32583 

22233 

31050 

24789 

33605 

f, 

30438 

33013 

22523 

31468 

25097 

34042 

70 

30852 

33444 

22S14 

31889 

25407 

34481 

.5 

31268 

33879 

23108 

33313 

25719 

34924 

71 

31687 

144317 

23404 

32739 

26033 

35369 

.5 

32108 

34757 

23701 

33168 

26349 

35816 

72 

32533 

35200 

24000 

33600 

26667 

86267 

f> 

32960 

35646 

24301 

34035 

26986 

36720 

73 

33390 

36094 

24604 

34472 

27307 

37176 

jf 

33823 

36546 

24907 

34913 

27631 

37635 

74 

34259 

'37000 

25214 

35356 

27956 

38096 

.5 

34697 

37457 

25522 

35801 

28282 

38.61 

75 

35139 

37917 

25832 

36250 

28611 

39028 


35582 

38379 

26144 

36701 

28942 

39498 

76 

36029 

38844 

26458 

37156 

29174 

39970 

.5 

36479 

39313 

26774 

37613 

29608 

40446 

77 

36931 

397S3 

27092 

38072 

291*44 

40924 

.5 

373S6 

40257 

27411 

88535 

30282 

41405 

78 

37844 

40733 

27733 

39000 

30622 

41889 

.5 

38305 

41213 

28056 

39468 

30964 

42375 

79 

38768 

41694 

28381 

39939 

31307 

42865 

.5 

39235 

42179 

28708 

40413 

31653 

43367 

80 

39704 

42667 

29037 

40889 

32000 

43852 

81 

40650 

43650 

29700 

41860 

32700 

44860 

82 

41607 

44644 

30370 

42822 

33407 

45859 

83 

42576 

45650 

31048 

43806 

34122 

46880 

84 

43555 

46667 

31733 

44800 

34844 

47911 

86 

44546 

47094 

32426 

45806 

35574 

48954 

86 

45648 

48733 

83126 

46822 

86311 

50008 

87 

4C561 

49783 

33833 

47850 

87050 

51072 

88 

47585 

50844 

34548 

48889 

37807 

52148 

89 

48620 

61917 

35270 

49939 

38567 

53235 

90 

49667 

53000 

36000 

51000 

39333 

54333 

91 

50724 

54094 

36737 

62072 

40107 

65443 

92 

51793 

65200 

37481 

63156 

40889 

66503 

93 

62872 

56317 

38233 

64250 

41678 

57694 

94 

63963 

57444 

38993 

65356 

42474 

58837 

95 

55065 

5R683 

39759 

56472 

43278 

69990 

96 

66178 

69733 

40533 

67600 

44089 

61155 

97 

57302 

60894 

41315 

58739 

44907 

62331 

98 

58437 

62067 

42104 

59889 

45733 

63518 

99 

69583 

63250 

42900 

61050 

46567 

64716 

100 

60741 

64444 

43704 

62222 

47407 

66926 
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Table 8, 

Df Cubic Yards in a 100-foot station of level cutting or filling, to be added to, or sub¬ 
tracted from, the quantities in the preceding seven tables, in case the excarw 
tious or embankments should be increased or diminished 2 feet in width. 


Cut.lo Yards In a length of 100 feet; breadth 2 feet; and of different depths. 


Height or 
Depth 

In Feet. 

Coble 

Yams. 

•eight or 
Depth 
in Feet. 

Ctiblo 

Yard*. 

Height or 
Depth 
lu Foot. 

Cublo 

Yards. 

Height or 
Depth 
lu Feet 

Cublo 

Yards 

Hi Ight or 
Depth 
lu Feet 

Cublo 

Yards. 

.5 

3 Til 

.1 

162 

.5 

300 

.5 

448 

6 

696 

1 

7 11 

21 

156 

41 

304 

61 

452 

81 

600 

.5 

11 1 

.5 

159 

.5 

307 

.5 

456 

.5 

604 

2 

14 8 

22 

163 

42 

311 

62 

459 * 

82 

607 

.5 

is:. 

.5 

167 

.5 

315 

.5 

463 

.5 

611 

3 

22 .! 

23 

170 

43 

319 

63 

467 

83 

615 

.5 

26 '• 


174 

.5 

322 

.5 

470 

.5 

619 

4 

206 

24 

178 

44 

326 

04 

474 

84 

622 

.5 

33 3 

.5 

181 

.3 

330 

.5 

478 

.5 

626 

6 

37 0 

25 

185 

45 

333 

65 

481 

85 

630 

.5 

40.7 

.5 

189 

.5 

337 

.5 

485 

.5 

633 

6 

44.4 

20 

103 

46 

341 

66 

489 

86 

637 

.5 

48.1 

.5 

196 

. .5 

344 

.5 

493 

.5 

641 

I 

61 9 

27 

200 

47 

3jS 

67 

496 

87 

644 

.5 

56 6 

.5 

201 

.5 

352 

.5 

500 

.5 

648 

8 

6'3 

28 

207 

48 

356 

68 

504 

88 

652 

.5 

63 0 

.5 

211 

.5 

359 

.5 

507 

.5 

656 

9 

CG7 

29 

215 

49 

363 

69 

511 

89 

659 

.5 

70 1 

.5 

219 

.5 

367 

.6 

615 

.5 

663 

10 

711 

30 

222 

50 

370 

70 

519 

90 

667 

.5 

77 8 

.5 

226 

.5 

374 

.5 

622 

.5 

670 

11 

81 5 

31 

230 

51 

378 

71 

626 

91 

674 

5 

85 2 

.5 

233 

.5 

381 

5 

530 

.5 

678 

12 

88'» 

32 

237 

62 

385 

72 

533 

92 

681 

.6 

92 6 

.5 

241 

6 

389 

.5 

637 

.5 

685 

13 

90.3 

33 

244 

53 

391 

73 

541 

93 

689 

.5 

100 

.5 

248 

.5 

390 

.6 

644 

.5 

693 

14 

101 

34 

252 

64 

40(1 

74 

548 

94 

696 

.6 

107 

.5 

256 

.5 

404 

.5 

652 

.5 

700 

16 

111 

35 

259 

65 

407 

75 

556 

95 

704 

.5 

115 

.5 

263 

.5 

411 

.5 

659 

.5 

707 

16 

119 

36 

267 

56 

415 

76 

663 

96 

711 

.5 

122 

.5 

270 

5 

419 

.5 

567 

.5 

716 

17 

120 

87 

274 

57 

422 

77 

670 

97 

719 

.6 

130 

.5 

278 

.5 

426 

.5 

574 

.5 

722 

18 

133 

38 

281 

58 

430 

78 

573 

98 

726 

.6 

137 

.5 

285 

5 

4.33 

.5 

681 

.5 

730 

19 

141 

39 

289 

59 

4.37 

79 

585 

99 

733 

.6 

144 

.5 

293 

.5 

441 

.5 

589 

.5 

737 

20 

148 

40 

20 G 

60 

444 

80 

693 

100 

741 


Remark. The foregoing tables of level catting* may also be 
ned for widths of roadway greater than those at the heads 
>f the tables. Thus, suppose wo wish to two Table 1, for a roadbed m n, 16 ft 
vide, instead of c b, which Is only 14 ft. and for which the table was calculated. II 
s only necessary first to find the vert clist » a, between these two roadbeds; and to 
idd it mentally to each height t i, of the given embkt, when taking out from the 
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table the numbers of cub yds corresponding to the heights. By this means we obtain 
the contents ol the emhkt chop , for any required dist. Next, fiom tht-.se contents 
subtract that coi responding to the height s u, loi the same dist. The remainder win 
plainly lie the emhkt m n op. 

In practice it will be sufficiently correct to take sato the nearest tenth of a 
foot, which Will save trouble in adding it mentally to the heights in the tables. 

If the roadbed is narrower than the table, as. for instance, if win lie 
the widih in the table, nut we wish to find the contents for the width cb, then 
first find sa, and calculate the cubic yards in 100 led length of cbmn. Then, 
in taking out the cubic yards from the table, first subtract a a mentally from 
each height; and to the cubic yards taken out for each 100 feet, opposite this 
reduced height, add the cubic yards in 100 feet of cbtnn. 

To avoid trouble with eon tractors about the measurement of rock 
cuts, stipulate in the contract, either that it shall conform with the theoretical 
cross section; or that an extra allowance of say about 2 feet of width of cut 
will be made, to cover the unavoidable irregularities of the sides. 

Shrinkage of Embankment. Although earth, when first dug, and 
loosely thrown out, swells about fc part, so that a cuhic yaid in place averages 
about 1J or 1.2 cubic yards when dug: or 1 cubic yard tiug is equal to g, or to 
.8333 of a cubic yard in place; yet when made into embankment it gradually 
subsides, settles, or shrinks, into a less bulk than It occupied before being dug. 

The following are approximate averages of the shrinkage; or, in other wordB, 
the earth measured in place in a cut, will, when made into embankment, occupy 
a bulk less than before by about the following proportions: 

Gravel or sand.about 8 per ct; or 1 in 12% less. 

Clay. “ 10 per ct; or 1 in 10 less. 

Loaui. “ 12 per ct; or 1 in 8% Icbs. 

Loose vegetable surface soil..... “ 15 per ct; or 1 in 6% less. 

Puddled clav. “ 25 per ct; or 1 in 4 less. 

The writer thinks, from some trials of Ids own, that 1 cubic yard of any hard 
rook in place, will make from 1% to 1% cubic yards of embankment; say on an 
average 1.7 cubic yards. Or that 1 cubic yard of rock embankment requires 
.5882 of a cubic yard in place. He found that a solid cubic yard when brokeD 
into fragments, made about as follows 



Of which there were 

yards. 

Solid 

Voids 

In loose heap. 1,9 

52.6 per cent. 

47.1 per cent 

Carelessly piled. 1.75 

67 

43 “ 

Carefully piled. 1.6 

63 44 

37 44 

Rubble, very carelessly seabbled. 1.5 

67 41 

33 “ 

Rubble, somewhat carefully seabbled..— 1.25 

80 44 

20 14 
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COST OF EARTHWORK. 


Art. 1. It is advisable to pay for thla kind of work by the cubic yard or excavation only ; li> 
rtead of allowing separate prices Tor excavation aud embankment. By this means we get rid of tl« 
IlfHoully of measurements, as well aa the controversies and lawsuits whlob often attend the deter 
ruination of the allowance to be made for the settlement or subsidence of the embankments. 

It la, moreover, our opinion that Justice to the ouutrnctor should lead to the Engrliali prac¬ 
tice of paying: lh« laborer* by the cubic yard, instead of by the day 

Rxperieuce fully proves that when laborers are scarce and wages high, men oun scarcely be depended 
upon to do three fourths of the work which they readily accomplish when wages are low, and when 
fresh bauds are waiting to be hired In case auy are discharged The oontractrr is thus placed at the 
mercy of his men The writer has known the most satisfactory results to attend a system of task¬ 
work, aocompanled by liberal premiums for all overwork. By this means the interests of the laborers 
are Identified with that of the contractor; and every man takes aare that the others shall do their 
fair Rhare of the task. 

Kllwood Morris, C K, of Philadelphia, was, we believe, the first person who properly investigated 
the elements of cost of earthwork, and reduced them to such a form os to enable us to calculate the 
total with a considerable degree of accuracy. He published his results in the Journal of the Franklin 
Institute in 1841. His paper forms the basis on which, with some variations, we snail consider the 
matter: and on which we shall extend it to wheelbarrows, as well as to carts Throughout this paper 
we speak of ■ cubic yard considered only as solid in its place, or before it Is loosened for removal. It 
is scarcely neoessary to add that the various items can of oourse only be regarded as tolerably close 
approximations, or averages. As before stated, the men do less work when wages are high ; aud more 
when they are low. A great deal besides depends on the skill, observation, and euergy of the con¬ 
tractor and his superintendents. It is no unusual thing to see two contractors working at the sain* 
prices, In precisely similar material, where one is making money, and theotJier lonlng it, from a want 
of tact In the proper distribution of his forces, keeping his roads in order, having his oarts and bar- 
rows well filled, Ac, fce. Uncommonly long spells of wet weather may seriously affect the cost of exe¬ 
cuting earthwork, by making it more diilloult to loosen, load, or empty ; besides keeping the roads in 
bad order for hauling. 

The aggregate oost of excavating and removing earth Is made up by the following items, namely : 
1st. Loosening the earth ready for the shovellers, 

■id. .Loading It by ihoveli into the eart* or barrows. 

Sd, Hauling, or wheeling it away, including emptying and returning. 

4th. Spreading it out into successive layers on the embankment. 

6th. Keeping the hauling road for carts, or the plank gangways for barrows, in good order. 

<th. Wear, sharpening, depreciation, and interest on cost of tools. 

7th. Superintendence, and water-carriers. 

8th. Profit to (As contractor. 


We will consider these items a little in detail, basing our calculations on the assumption that oom 
mon labor costs fl jier day, or 10 worklug hours. The results ill our tables must therefore be In- 
ireased or diminished in about the same proportion as common labor costs more *r less than this. 

Art. 2 . TiOOMoninfr the earth ready for the Mhovellei*. Thist* 

generally done either by ploughs or by picks; more cheaply by the first. A plough with two horses, 
and two men to-manage them, at tl per day for labor, 75 cents per day foreaob horse and 37 cents 
per day for plough, including harness, wear repairs Ac or a total of (3 87. will loosen, of strong 
heavy soils, from 200 to 300 cubic yards a day, at from 1.98 to 1.29 cents per yard; or of ordinary 
loam, from 400 to BOO cubic yards a day, at from .97 to .64 of a oent per yard. Therefore, as an ordi¬ 
nary average, we may assume the actual cost to the ooutraotor for loosening by the plough, as fol¬ 
lows ■ atro ig heavy soils. 1.6 oents ; common loam, .8 cent; light sandv soils, .4 cent. Very stifTpure 
clav, or obstinate cemented gravel, may be set down at 2 fi cents; they require three or four horses. 

By the pick, a fair day’s work is about 14 yards or stiff pure clay, or of cemented gravel; 25 yards 
*f strong heavv soils; 40 yards of common loam, 60 yards of light sand) soils —all measured in 
place. which, at *1 per day for labor, gives, for stiff clay, 7 cents; heavy soils, 4 oents; loam, 2 f> 
Oents; light sandy loll, 1 666 oents. Pure sand requires but verj little labor for loosening; .6 Of a 
•ent will cover It. 


Art. 3. Nfiovelllng the loosened earth into carts. The amount 

•hovelled per day depends partly upon the weight of the material, but more upon so proportioning 
the number of pickers and of carts to that of shovellers, as not to keep the latter waiting for either 
material or oarts In falrlr regulated gangs, the shovellers Into carts are not actually engaged In 
•hovelling for more than six-tenths of their time, thus being unoccupied but four-tenths of it; while, 
under had management, they lose considerably more than one-half of It. A shoveller oan readily 
load into a oart one-third of'a cubic yard measured In place (and which is an average working cart¬ 
load). of sandv soil. In five minutes; of loam, in six minutes: apd of any of the heavy soils, in seven 
minutes. This would give for a dav of 10 working hours, 120 loads, or 40 oublo yard* or light sandy 
■oil; 100 loads, or 1WH cubic yards of loam; or 86 loads, or 28,7 yards or the heavy soils. But from 
these amonnu we must dedurit four tenths for time necessarily lost; thus reducing the actual work¬ 
ing quantities to 24 yards of light sandv soil, 20yards of loam. 17.2 yards of the heavy tolls. When 
the shovellers do less than this, there Is some mismanagement. 

Assuming these as fair quantities, then, at tl per day for labor, the aotual oost to the contractor 
for shovelling per oublo vard measured In plaoe, will be, for sandy soils, 4.167 cents; loam, 5 oents; 
heavv soils, clays, Me, 5.81 oents. . . 

In praotioe, the oarts are not usually loaded to anv lees extent with the heavier soils than with the 
lighter ones. Bor. indeed, is there any necessity for so doing, inasmuch as the difference of weight 
of a oart and one-third or a oublo yard of the various soils is too slight to need any attention; espe- 
dally when the cart-road is kept In good order, a« it will be hj any contractor who understands his 
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own intercit. Neither Is it njcessary to modify the load on aooount or any slight inclinations which 
may occur in the grading of roads. An earth cart weighs by iteeir about X a ton. 

Art. 4. Hauling away the earth) dumping, or emptying; 

and returning to reload. The average Hpeed of horses In hauling Is about 2X mile* 
per hour, or 200 feet per minute. which is equal to 100 feet of trip each way ; or to 100 feet of lead, 
as the dlstauoe to which the earth u hauled is technically called * Besides this, there is a loss of 
iboot four minutes in every trip, whether long or short, in waiting to load, dumping, turning, 4c. 
Hence, every trip will occupy as many minutes as there are lougths of 100 feet each In the lead; and 
four minute's besides. Therefore, to find the number of trips per day over any given nverage lead, we 
divide the number or minutes In a working day by the sum of 4 added to the number of 100 feet 
lengths contained m the distance to whioh the earth has to be removed, that is, 

The number (600) of minutes in a working day _ (/,„ number of trips, or loads 
4 + the number of 100 feel lengths in the lead ~ removed per day, per cart. 

And sinoe X of acubio yard measured before being loosened, makes au average cart-load, the num¬ 
ber of loads, divided bv'd. will give the number of oubio yards removed per day by each oart; and 
the cubic yards divided into the total expense of a cart per day, will give the oost per oubio yard for 
hauling. 

IUmark. When removing loose rock, which requires more time for loading, say. 


No. o f minutes (600) in a working day ___ No of loa(lt removed, 

6 + No. of 1 00-feet lengths of lead P'r day, per cart. 

In leads of ordinary length one driver oan attend te 4 oarts ; whioh, at $1 per day, Is »> oenti pei 
rart. When labor is $ 1 per day, the expense of a horse is usually about 75 cents. and that of th. 
cart, including harness, Ur, repair*. Ac, 25 cents, making the total dally cost per cart $1.25. Tht 
expense of the horse is the same on Sundays aud on rainy days, as when at work : and this consid¬ 
eration is included In the 75 oeoU. Some contractors employ a greater number or drivers, who alsa 
help to load the carta, so that the expense is about the same In either case 
Example How many cublo yards of loam, measured in the out. oan be hauled by a horse aud oari 
in a day of 10 working honrs, (fiOO minute*,) the lead, or length of haul of earth being 1000 feet, (oi 
10 lengths of 100 feet.) and what will be the excuse to the contractor for hauling, per cubic yard, 
assuming the total cost of oart, horse, and driver, at $1.25? 


nere, 


600 minute* 

4-f-10 lengths of 100 feet. 


14 


5 loads. 


- 14.3 cubic yards. 


In this manner the 2d aud 3d columus of the following tables have been calculated. 


Art. IS. Spreading, or levelling off the earth into regular 
thin layers on the embankment, a bankman win spread from 50 to loo oubio 

rards of either ooramon loam, or any of the heavier soils, clays, Ac, deluding on their dryness 
This, at $1 per day, is 1 to 2 cents per cubic yard; and wc may assume \% cents as a fair average 
Tor *uoh soils; while 1 cent will sutfloe for light sandy soils. 

This expense for spreading is saved when the earth is either dumped over the end of the embank¬ 
ment. or is wasted; still, about X oeut per yard should be allowed in either case for keeping the 
iumping-plaoes olear and in order. 

Art. 6. Keeping the cart-road in good order for hnnllng. 

No ruts or puddles should be allowed to remaiu unfilled: rain should at once be led off by shallow 
litches; and the roid be carefully kept in good order; otherwise the labor of the horee*, and the wear 
of oarts, will be very greatly increased. It is usual to allow so much per cubic yard for road repair*; 
but we suggest so much per oubio yard, per 100 feet of ead; say -jj of a cent. 

Art. 7. Wear, .harpenlna- and depreciation or pick, and 

MhOVClH. Experience shows that about Hot a cent per cubic yard will cover this item. 

Superintendence and water-carriers. These expenses win vary with 

local circumstances; bnt we agree with Mr. Morris, that 1X cents per cubic yard will, under ordinary 
circumstances, cover both of them. An allowanoe or about X bent mar in Justloe fie added for extra 
trouble in digging the iide-ditohex; levelling off the bottom of the out to grade, and general trimming 
up. In very light cuttings this mav be increased to X P« r wM. yard 
At X oeut, all the items in this article amount to 2 oents per oubio yard of out. 

Art. 8. Profit to the contractor. Thi* may generally be set down at from ft to 
15 per oent, according to the magnitude of the work, the risk* inourred, and various Incidental oir- 
oumstanoe*. Out of this item the oontraotor generally has to pay clerks, storekeepers, and other 
agent*, aa well as the expenses or shanties, Ae ; although these are in most owes repaid hy the profit* 
of tb* *tores; and by the rate* of boarding and lodging paid to the contractors by the laborer*. 

Art. 9. A knowledge of the foregoing Item* enable* ns to 
calculate with tolerable accuracy the cost of removing earth. 

For example, let it be required to ascertain the oo«t peronbic yard of excavating oomraon loam, meas¬ 
ured in place; and of removing it into embankment, with an average haul or lead of 1000 feet; tne 
wage* of laborers being $1 per day of 10 working hour*; a hor*e 75 at* a day; and a oart 26 CM. One 
driver to four oart* 


-if When an entire cut i* made Into an embankment, the Bean hawl 1* the dltt between oeatan 
•f gravity of the out and embkt. 
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kailroads. 


Cent*. 

Here we have coil of looiening, tay by pick, Art 2. per cubic yard, say, 2 BO 
Loading into carts, Art 3, •' 5 00 

Hauling I IKK) feet, a* calculated previously in example, Art. 4, “ 8 M 

Spreading into layer*, Ait j, “ 150 

Keeping cart-road in repair. Ait «, 10 length* of 100 ft, 1 00 

KanotM item* in Art i, 2 oo 


Total cost to contractor, 20 M 

Add contractor'* profit, tay 10 per cent, 2 074 

Total cost per cubic yard to the company, 22.814 

It Is easy to construct a table like the following, of cents per cubic) ard, for different lengths of lead. 
Columns 2 and 3 me first obtained by the Kale iu Article 4, then to each amount in columu d is added 
the variable quantity of of a cent for every 100 feet length of lead, for keeping the road in order, 
and the constant quantity (for auy given kind of soil) com posed of the prices per cubic yard, for 
looaeuiug, loadlug, spreading, or wasting, &c, cither taken from the preceding articles, or modified 
to auit particular circumstances. In this manner the tables have beeu prepared. 


By Ciirw. Labor $1 per day, of 10 working; hour*. 
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By Cart**. Labor $1 per day, of 10 working 1 hoars. 


a 

2 

u 

? a 

3-1 
•1 
■e a 

sz 

II 

o 3 

■Sd 

ae»j 

a 

3 

L 

it 

o 5* 

3 -v 
o u 

© * 

p 

3 

A 

a 2 

3 3 

|1 
° a 

it 
i* 
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Pure stiff Clay, or cemented 
Gravel. 

Light Sandy Soils. 

TOTAL COST PER CUBIC 
YARD, EXCLUSIVE OF 
PROFIT TO CONTRACTOR. 

TOTAL COST PER CUBIC 
YARD, EXCLUSIVE OF 
PROFIT TO CONTRACTOR. 

•e si 
jjsj g 

ft. cc 

1,1 

s 5 ! 

| * 
gSa 

s * 

1 <d 

tss 

E & 

•a -a 

1 

hi 

E - js 

1 - I 

■Sug 
§ « a. 

E « 

1 J 
•&wS 

Pect. 

Cu Yda. 

Cts. 

Cts 

CU 

Cta. 

Cts. 

Cts. 

Cts. 

Cu 

Cts. 




19.00 

17 75 

14.50 

13 25 

11 52 

10 77 

10 25 

950 




19.17 

17.92 

14.67 

13 42 

11 1,9 

10.94 

10.42 

9.67 




19.36 

18.11 

11 86 

13 61 

11 88 

11.13 

10 61 

9.88 




J9.53 

18 28 

15.03 

13 78 

12 05 

11 30 

10 78 

10.03 




19.89 

18 6t 

15.39 

14.14 


11 60 

11 14 





'20 26 

19.1)1 

15.76 

14 51 

12 78 

12 04 

11.51 | 





20 98 

19.73 

15.48 

15 23 

13 50 

12 75 

12 2.4 

11.48 




•21 71 

20 46 

17 21 

15 96 

14 23 

13 48 

12 46 

12 21 




22 44 

2! 19 

17.94 

16 69 

14 96 

14 21 

13 69 

12.94 




2.1.16 

21 91 

18.66 

17 41 

15 68 

14 93 

14 41 

1306 




•ill 88 

1 22.63 

19 38 

18 13 

16 40 

15 65 

15 13 





24.59 

2.1 34 

20 09 ; 

18 84 

17.11 

16 36 

15.84 

15 09 




25 23 

23 98 

20.73 

19 48 

17 75 

17 00 

16 48 

15.73 




26 05 

24 80 

21.55 

20 30 

18 57 

17.82 

17.30 




9 40 

26 81 

25 56 

22 31 

21 06 

19 33 

18.58 

18 06 

17.31 




27 51 

26 26 

23 01 

21.76 

20 0.4 

19 28 

18 76 





28'21 ' 

26 96 

23 71 

22 46 

20 73 

19 98 

19 46 





28.91 

27 tie 

24.41 

23 16 

21 43 

20 68 

•20 16 





‘29.71 

28 46 

•25 21 

23 96 

22.23 

21 48 

20 96 





30.41 

29 16 

•25.91 

24 06 

22 93 

22.18 

•21.66 

90.91 




31. tl 

29 86 

26 61 

25 36 

23 63 

22 88 

22.36 

21.61 




31.81 

30 56 

27 31 

26 06 

24 33 

24.58 

23.06 





32 61 

31.36 

28.11 

26 86 

•25 13 

24.38 

28 86 





33.31 

32 06 

28 81 

27 56 

25 83 

25 08 

24.56 

23.81 




35 16 

33 91 

30 60 

29.41 

27.68 

26 93 

26 41 

25.66 




36.91 

36 68 

32 41 

31.16 

29 43 

28 68 

28.16 

27.41 




37 95 

36 70 

33 45 

32 20 

30 47 

29.72 

2B '20 

28.45 




40 51 

39 26 

36.01 

34 76 

33 03 

32.28 

31.76 





42 36 

41 11 

37.86 

36 hi 

31 88 

34 13 

33.61 

82.86 




44.11 

42.86 

39.61 

38.36 

36 b3 

S5JJ8 

35 36 





45 96 

44 71 

41.46 

40.21 

38.48 

37.73 

37 21 






46 56 

43.31 

42.06 

40 ,13 

39.58 

39 06 





49.66 

48 41 

45.16 

43.91 

42 18 

41.45 

40 93 

40 18 




51 41 

50 16 

46 91 

45.66 

43 93 

43.18 

42 66 





53 ‘26 

52.01 

48 76 

47 51 

45.78 

45 03 

44 51 





55.11 

53 86 

50 61 

49.36 

47 61 

46 88 

46 36 





57.09 

55 84 

52 59 

51 34 

49 61 

48 86 

48 34 





66 91 

65 46 

62.21 

60.96 

59 23 

58 48 

57 96 


Uim. 



76 33 

75 08 

71 83 

70.58 

68 85 

68 10 

67 58 


1 H m- 



85 95 

81 70 

HI 45 

80 20 

78 47 

77.72 

77 -20 


2 m. 

1 82 

| 68.7 

95.57 

94 32 

91.07 

89 82 

88 09 

87 34 

86 82 



Art. 10. By wheelbarrows. The cost by barrows may be estimated in the lame 
manner as by carts See Article* 1, &c. Men in wheeling move at about the same average rat* aa 
horses <lo in hauling, that is, 2g miles an hour, or t'K) feet per minute. 01 . minute per every 100-reet 
length of lead. The time occupied in loading, emptying, &c (when, aa la usual, the wheeler load* hts 
own barrow,) ia about I 25 minutes, without regard to length of lead IK-sidea which, the time loat iu 
occasional short real*, in adj.rating the wheeliug-plank, and In other Incidental causes, amount* to 
about part of h>» whole time; »o that .re must in practice aonaider him a* actually working bul 
• hours out of hi* 10 working ones. Therefore 


The number of minute* in a working dag X .0 _ the number of friji* nr oj toad* 
1.25 + the. number of IW-feet length* of lead “ removed per day per barrow. 


The number of loads divided by 14 will give the number of cub yards, since a-oub yard, measured 
in place, nveragps about 14 loads And the cost of a wheeler and barrow per day. (say 91 per man, 
and 5 cent* per barrow,) divided by the number of cub yards, will five the ooet per yard for loading 
wheeling, and emptying. 
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RAILROADS. 


Ex. Bow many cubic yards of common loam, measured in place, will one man load, wheel, 
tod empty, per day or 10 working boars, (or 600 minutes;) tbe lead, or distance to which the earth is 
remored being 1000 feet, (or 10 lengths or 100 feet r) and what will be the eipense per yard, auppoiing 
she laborer and barrow to oost (1.05 per day 7 


Bert, 


600 ninulet X .0 _ 540 __ 


1.25 + 10 lengths 11.25 


= 48 trips, or loadi per day. 


3.48 cub yds 

per cub yard for loading, wheeling away, emptying, and returning. This would be increased almost 
inappreciably by the cost of the shovel, which, in the following tables, however, is included in the 
lost of tools. 

Rem. For rock, which requires more time for loading, aay 

Bo of m inutes in a working day X .0 _ So of loads removed 
1.6 No of 100 -feet lengths of lead~ = per day.per barrgte. 

Art. 11. The following tables are calculated as in the case of carts, by first finding columus 2 
ind 8 by means of the Rule in A 110,and then adding to each sum in column 3, the vailnhlr quantity 
jf .1 or a cent per cubic yard per 100 feet of load for keeping the wheeling-plankR In ordci , and the 
prices of loosening, spreading, superintendence, water-carrying, &c, per cubic yard, as given in the 
(receding Articles 2, 6 and 7. 

By Wheelbarrows. Labor $1 per day. of 10 working bourn. 
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Art. 12. By wheeled HCrapera ami dra* Hcraper*. The bod} 
of the wheeled scraper Is a box of smooth sheet-steel about 3l£ ft square by 15 ini 
leap, containing about % cubic yard of earth when “even full.” The box is open 
in front (m some machines it is closed by an “ end gate ” when full),and can be raised 
and lowered, and revolved on a horizontal axis. To fill the box, it is lowered into, 
and held down in, the earth, while the team draws the machine forward. When full, 
it is raised to about a foot abo\e giound; and, on reaching the dump, is unloaded by 
being ovei turned on its axis. All the movements of the Ihix an* made by means of 
I“vcrw, and without stopping the team, which thus travels constant!}. The wheels 
have broad tuos, to prevent them from cutting into the ground. 

In the drag scraper the Iwx, owing to the greater resistance to traction, is made 
much smaller. It contains about .15 to .25 cubic yard in place, and is alw ays open in 
front. The operation oi the drag scraper is similar to that of the wheeled scraper, 
except that the box, when filled, rests upon the ground and is dragged over it by the 
team. 

Each scraper (“wheeled” or “drag”) requires the constant use of a team of twe 
horses with a driver. Besides, a number of men, depending on the shortness of the 
lead and the number of scrapers, are required in the pit and at the dump to load the 
scrapers (by holding the box down into the earth) and unload them (by tipping the 
liox). Except in sand, or in very soft soil, it is economical to use a plow liefore 
srraping. 

The severest work for tiic team is the, filling of the box ; and this occurs oftenest 
where the lead is shortest. Hence smaller scrapers are used on short than on long 
hauls. We base our calculations on the following loads: 


For drag scrapers (used only on short hauls). .2 cubic yard 

For wheeled scrapers 

lead less than 100 feet.....33 “ 

“ 100 to 300 feet. .4 “ 

“ 400 to 600 feet...... A “ 

“ over 600 feet..... A “ 
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RAILIiOADS. 


The daily expense per scraper, for driver’s wages and the use of a 2-borse team, is 
about $3.60 For leads of 400 ieet and over, we add 50 ct« jter day for use of “snatch 
team ’’ to help load the larger scrapers then used. One snatch team generally serves 
a numlxTof scrapers. 

Owing to the fact that the teams are constantly m motion without rest, they travel 
somewhat more slowly than with carts We tuke 150 it per minute (or 75 ft of lend 
pei minute) us an average. 

In loading und unloading, the teams not only go out of their way in order to turn 
around, but travel limit* slowly than when simply hauling. To cover this we make 
an addition of 100 ft to each length of lead, whether long or short, lor wheeled 
scrapers and for drag scrapers. 

We add 1 tent per cubit yard for Ibe cost of loading and dumping the scrapers; and 
estimate the appioxliniite cost ol the other items us follows* % 


Repairs of curt-road ct per cub yd in place for each 100 ft of load 

Light Soils Heavy Soils 

Loosening 1 1» pei cub yd in place eta per cub yd in place 

by pick. * . 5. 

by plow. + . ‘A 

Spreading. 1.1.5 

Supmiutcmleiice, wear and tear etc.1 . 1. 

We repeat that our figures an* to Ik* regarded liieiely as toleiable approximations, 
and subject to gieat vunatioiih according to t'kill <»< toiitiacloi and superintendent, 
strength of teams, chaiacter ol material moved. Mate of wcathei etc etc. 


No. of trips per day No. •«>< 0) of mins in a working day 
per scrajier ~ Nofcinb itVngths in (lead -f 100ft) 


No. of cub yds in place moved _ No. of trips per v No. of cub yds in place, 
per day by each scraper day per srraper * per scraper per trip 


Cost per cub yd in place, 
for loading, hauling, 
dumping and returning 


JDaily expense of one scraper j ct for ],, ai }j n g 
No. of cult yds m place, moved and dumping 
per day by each scraper 


Total cost jier Cost jier cub yd 

cubic yard in in place, for 

place exclusive s-= loading, haul- -f 
of contractor’s ing, dumping, 

profit and returning 


.1 ct per cuh yd 
in plate lor each 
100 ft of lead, -f 
for repairs of 
road 


Cost, per cub yd in place, 
ol loosening, spreading 
or wasting, and super¬ 
intendence Ac. 


By Wheeled Scrapers. Labor SI per day of 10 working hours. 


(«) 
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Total cost per cubic j ard, In place, exclusive of contractor'! profit 

Ll*ht Soils 

Heavy Soils 

Spread 

Wauled 

Picked 

Sptend 

Picked 

and 

Wauled 

Plowed 

and 

Spread 

Plowed 

and 

Wasted 

Feet 

cub vds 

Cfs 

cts 

Cts 

cts 

cts 

Cts 

cts 

50 

100 

4.5 

66 

6.6 

12.1 

10.6 

9.1 

7.6 

100 

00 

4.9 

7.0 

6.0 

12.5 

11.0 

9.5 

8.0 

150 

70 

6.0 

8.2 

7.2 

13.7 

12.2 

10.7 

9.2 

200 

60 

6.9 

9.1 

8.1 

14 6 

13 1 

11.6 

10 1 

300 

45 

8.8 

11.1 

10.1 

16.6 

15.1 

13.6 

12.1 

400 

45 

9.9 

12 3 

11.8 

17.8 

16.3 

14.8 

13.3 

600 

38 

11.5 

14.1 

13.1 

19.6 

18 1 

16.6 

15.1 

800 

30 

14 3 

17.1 

16.1 

22.6 

21.1 

19.6 

18.1 

1000 

24 

17.7 

20.7 

19.7 

26.2 

24.7 

23.2 

21 7 


* Lijjht soils can generally be advautageously loosened by the scrapers them* 
wives m the act of loading. 
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By Drnic Ncrapera. tabor 31 per day of 10 working hours. 
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Spread 
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Feet 

cub yds 

cts 

cts 

1 

1 els 

cts 

cts 

cts 

cts 

50 

60 

6.9 

9.0 

! 8.0 

14 5 

13 0 

11 5 

10.0 

75 

50 

H.O 

10.1 

9.1 

15 6 

14 1 

12 6 

11.1 

100 

45 

8 8 

10.9 

1 6 9 

1G 4 

14 9 

13 4 

11.9 

150 

3fi 

108 

13 0 

j 12 0 

18 5 

17.0 

15.5 

14.0 

200 

30 

12.7 

14.9 

I 13.9 

20 4 

18.9 

17.4 

15.9 


Art. 13. By cars and locomotive, on level traclf. We have based 

our calculations upon the following assumptions: Train# of 10 cars, each car con¬ 
taining 1% cubic yards of earth measured in place. Aveiage speed of trains, 
including starting and stopping, but not standing, 10 miles per hour, = 5 miles 
of lead per hour. Labor $1 per day of 10 working hours. Loosening, loading 
(by shovelers), spreading, wear Ac of tools, superintendence, Ac, the same as 
with carts, Arts 2, 3, 5, and 7. tass of time in each trip for loading, unloading, 
Ac, 9 minutes, = 0.15 hour. Therefore 

H amber of trip, per) _ The nemhe r (10) of h o m la a eiorb lng <l»y 
day, ]>er train J 15 ■+• the number of 6-mile lengths in the lead 

Number of cubic! Number of Number (10) Number (1.5) of ct)u*i 

yards in place, pot v => trips per day X of cars in a X yards in place in each 

lay per tram ) per train train cur 

Cost per cubic yard, in place,! One ( j ny . g tra ] n expenses + 1 day’s cost of track 
•^turning J Number of cubic yards in place per day per train 

One day’s train expenses! 

Cost of 10 cars @ $100...-___— $1000 

“ loconiotive................................................ 3000 

■ 1 $4 000 

One day’s interest at 6 per cent, on cost of train. . .. $0.W 

Wages cf engine driver (who fires his own engiiu).. .... 2.00 

“ foreman at dump...... 2.00 

M 3 men at dump ut $1...... 3.00 

Foe)....... 2.00 

Repairs of lecomotive and cars... 2.33 

Total dally expense of one train.... ....... $13-00 

Depreciation (life of rolling stock taken as 10 years) 
say 3100 per annum per 31000, 

= 3400 “ “ “ train, 

= 34“ day (assuming 100 working days per year) .. 4.00 

Daily expense and depreciation, one train,.$17.00 


Taking cost of track, laid, at 82500 per mile, and Its life at 5 years, the daily 
expense of track, for interest, depreciation, handling and repairs, may be 
taken at 36.00 for each mile of lead. 

Therefore 
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KAiLKUADH. 


Dost oer cable yard In place,' 
tor hauling, dumping, and 
returning 


$17 + (16 for each m ile of lead) _ 

"" Number of Number (10) Number (1.6) e* 
trips per daj X of cars in a X cubic yards • 
per tram train each car 


Total cost j>er cubic' 
jrard tu place, ex¬ 
clusive ol contrac¬ 
tor's profit 


Cost per cub yd in Cost per cubic yard, iu place, fof 
place for hauling, , loosening, loading, spreading ot 
“ dumping, ard re- ' wasting, and superintendence, Ac 
turning (Arts 2,8,5, and 7.) 


By Carts and Locomotive. Labor 81 per day of 10 working hours. 


"~(a) 

(■>) j 

«‘) 

! (J) 

i{ 

1!, 
o ~ — 

til 

£3.2 

z & 

m 

a. a* 

V 

a u . 

3 

Hi 

O' 

£ **£ 
si^ 

O* * 

! s i? 

fill 

I" 3 " 

| Tots) coat per cubic yard, in place, eiclushe «tf coniFactor' 

s profit 

j bight Soils. | 

j Heavy Soils. 

ll 

M =• 

1 

- 

B . 

! 

J .3 ! 

o* | 

a. 

il, 

i T3 8 

| U 

! 

•o 

i 8 

•Sis 

ft. 

•a 
a • 

■s | 

S 

■O 

1| 

•His 

ft. 

Plowed and 
Spread. 

a . 

I 

£ 



• Cta. 

Cts. 

rt«. 

Cts. 

Cts. 

Cts. 

Cts. 

Cts. 1 

Cts. 


7.10 

2.47 

11.80 

10.30 

10.04 

9.04 

15.77 

14.27 

13 27 

11.77 

H 

GOO 

8.33 

12.1G 

11.16 

10.90 

9.90 

16.63 

15.13 

14.13 

12.63 

Y 

495 

4.34 

13.17 

12.17 

11.91 

10.91 

17.64 

16.14 

15.14 

13.64 

j 

420 

5.43 

14.31 

13.31 

13.05 

12.05 

18 78 

17.28 

16 28 

14.78 

2 

270 

10.74 

19 57 

18.57 

18.31 

17 31 

24.04 

22.54 

21 54 

20.04 

3 

195 

17.95 

2G 78 

25.78 

25 52 

24 52 

31.25 

29.75 

28 75 

27.25 

4 

1,50 

27 33 

36.10 

35.16 

34.90 

83 90 

40.63 

39.13 

38.13 

36.68 
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Additional Data of use in railroad earthwork may be 
found in "Hoisting, Conveying and Excavating Machinery , 
pp 579i/ to 581, inch 

especially the following in that article;— 

“Grabs, Clam-Shells & Orange-Peels", sec 1.14, 

“Dippers and Shovels”, sec 1.15, 

“Skimmers”, sec 1.16, 

“Pull-Scoops”, sec 1.17, 

“Scrapers”, sec 1.18, 

“Cableways”, sec 4.0, 

“Conveyors”, sec 5.0, 

“Vehicles”, sec 6.0, and subdivisions, Wheelbarrows, Carts, 
Wagons, Automobiles (including Trucks and Tractors), 
Trailers, and Industrial Railways, 

“Other Excavators”, sec 7.0, and subdivisions, Plows, Root¬ 
ers, Bulldozers, Graders, Elevating Graders, Trenchers and 
lutchers, and Hydraulic Excavation, and 
“Operation”, sec 9.0 and subdivisions, 
also 

“Dredging”, pp 581 to 581a;, inclusiv. 
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Art* 14. Removing rock excavation by wheel barrows, 

A cubic yard of bard rock, inplucf, or Indore being bloated, will weigh about 

1 8 tons, if sandstone or conglomerate, (150 ft* |«*r cubic foot ;1 or 2 tons if good 
compact granite, gneiss, limestone, or marble, (168 lbs per cubic foot.) ho that, 
near enough for practice in the case before us, we may assume the weight of any 
of them to be about 1.9 tons, or 4256 lbs per cubic yard, m place; or 158 lbs per 
cubic fool. 

Now, a solid cable yard, when broken np by blunting for removal by wheel- 
burrow* or curt*, will occupy a space of about I 8, or 1J ruble yards; whereas average earth, when 
loosened, swell* to but about 1 2, or 1$ of Its original bulk in place; although, after being made Into 
embuiiKim-ui, It eventually shrinks into 1< s* than its original bulk. In estimating for earth, it ia 
assumed that jlj cumo yard, in place, is a fair load for a u lied harrow. Such a cubic yard win weigh 
_ 2431) . 

on an average 2430 tbs, or 1 09 ton*; therefore, == 174 Tbs, is the weight oi»a barrow-load, of 

2 'll oubio feet of loose earth. Assuming that a barrow of loose rock should weigh about the same 


a* one of earth, we may take It at 5** of a cubic yard; which give* - — — 177 lb* per load of loos* 


rook, occupying 2 cubic feet of *p ire 

In the following table, columns 2 nod 3 are prepared on the same principle a* for earth, as directed 
In Article 10. Column 4 is made up bv adding to each amount in column .1, .1 of a tent for each UK) 
feet length of lead, for keeping the »hoelinu-pl&nkH in order; aud 45 cent* pt r cubic yard, in place, 
as the actual cost for loosening. Including tools, drtl'ing, powdei, Ac; as w< II as moderate drainage, 
and everv ordinary ooutiugeney not embraced in column 3. Contractor s ptolils, of course, are not 
here included. 

Ample exiierimioe shows that when labor la *t $1 per dm, the foregoiug 4 r » rents per cubic vard, In 
pluoe. is a suftirlcully liberal allowance for looseni .g h ml i<m k under all nrdiimry circumstances. 
In practice it will generally range between 30 and till cents, depending on the pennon of the strata, 
hardness, toughness, water, and other considerations. Soft shale*, and other al ied rocks, may fre¬ 
quently he 100*01)101 by pick and plough, as low as 15 to 20 cents; while, on tl.u other hand, shallow 
cuttings of very tough rock, with an unfavorable position of strata, espectnllv in the bottoms of ex¬ 
cavations, ntav cost ft, or even consi lersbly more These, however, are exceptional ca*« s, of com¬ 
paratively rare occurrence The quarrying of average hard rock requires about to ^ B> of powder 
per cubic yard, iu pin e; but the nature of the p* k, the position of the strata, Ac. ni.ty increase It 
to 5$ lb, or more. Soft rock frequently requires more powder thnn hard. A good churu-driller will 
drill 8 to 10 feet in depth, of holes about ‘i'A feet deep, and 2 inches diameter, per day, in average 
hard rook, atfrotn 12 to 18ceuts per foot. Drillers receive higher wages than common laborers. 


Hard Rook, by Wheelbarrows. 

Labor f I per day, of 1ft working hours. 


Length of 
Lead, or dis¬ 
tance to 
which the 
rock Is 
wheeled. 

Number of 
cubio yards, 
tn place, 
wheeled per 
d»y hv each 
barrow. 

Cost per 
cubit )»rd, 
in place, 
for loading, 
wheeling, 
and 

emptjing. 

Total post 
per cubic 
yard, in 
place ex¬ 
clusive of 
prolft to 
cuntractor 

Length of 
Leail.ordw- 
1 anoe to 
which the 
rook is 
wheeled. 

Number of 
cubic yards, 
in place, 
wheeled per 
dav hr eat h 
barrow. 

Cost per 
cubic yard, 
iu place, 
for loading, 
wheeling, 
and 

emptying. 

Total cost 
per cubio 
yard, in 
place, ex¬ 
clusive of 
protit to 
contractor 

Feet. 

Cublo Yds 

Cents. 

Cents 

Feet. 

Cubic Yds 1 

Ceuts. 

Cents. 

25 

12 2 

8 64 

51.7 

6tK) 

2.96 

35.5 


50 

10.7 

9 81 

5)9 

700 

2 62 

40 1 

86.5 

75 

9.58 

11 0 

56 2 

800 

2.34 

44 8 


100 

8 60 

12.1 

57 3 

900 

2.12 

49.5 

B63 

150 

7 26 

14 5 

59 8 

1000 

1.94 

54 1 

101.1 

200 

6.25 

11)8 

62 2 

1200 

1.65 

63.6 

115.0 

250 

6.49 

19 l 

64 6 

14(H) 

1 *1 

72.9 

120.7 

300 

4.89 

21.5 

67.1 

1 1600 

1.28 

82 2 

130.4 

3.50 

4.41 ; 

23 8 

695 

1800 


91.5 

1401 

400 

4 02 

28.1 

71.9 

7000 


100 8 


450 

3.89 

28.5 

74 4 

2200 

.953 

110 2 

159 6 

600 

3.41 

30.8 

76.8 

2400 

.879 

119.5 

169.3 


Art. 15. Removing roek excavation by carta. A curt-load ol 
rock may be taken at $ of a cubic yard, In place. This will weigh, on an average. 
851 lbs; or but 41 lbs more than a cart-load o( average soil. Since the cart itself will 
weigh about ^a ton, the total loads are veiy neat ly equal in both cases. Columns 
2 and 8 of the following tuble are prepared on the same principle as for earth, aa 
directed in Art. 4. Column 4 is made up by adding to each amount in column 3, 
the following iteraa: For blasting, (and for every thing except those in column 3; 
loading, and repairs of cart-road,) 45 cents per cubic yard, in place; for loading, 
8 cents, per cubic yard, in place; and for repairs of road, .2, or & of a cent for each 
100-feet length of lead. Contractor's profit not included. 
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Hard Rock, by Carta. 

Labor $1 per day, of 10 working hours. 


Length «r 
scad, tirdls- 
twice tn 
which the 
rock tn 
hauled. 

Number of 
cubic yards, 
In place, 
hauled per 
day, by each 
cart. 

Coat per 
cobio yard, 
in plat c, 
for hauling, 
and 

emptying. 

Total coat 
per cubic 
yard. In 
place, ex¬ 
clusive of 
profit to 
contractor 

Length of 

1 .eud, or dit 
tauee to 
which the 
rook Is 
hauled. 

Number of 
coble yard*, 
In place, 
hauled per 
day, bv each 
cart. 

Coat per 
cubic yard 

hauling, 

and 

empty lug 

Total cost 
per cublo 
yard, in 
place, ex- 
elusive of 
profit to 
contractor 

Feet. 

Cubic Yds. 

Cents. 

Cents. 

Feet. 

Cubic Yds. 

Cents. 

Cents 

25 

19 2 

6.51 

59 6 

1800 

6 00 

250 

81.6 

50 

18 6 

6 77 

59 9 

1900 

480 

260 

82 8 

75 

1*1 8 

7.03 

60 2 

2000 

4.62 

27 1 

84.1 

100 

17.1 

7.29 

60 5 

2250 

4.21 

29 7 

87.2 

150 

100 

7 81 

61.1 

2500 

3.87 

82.3 

90.8 

200 

150 

8 33 

61 7 

« mile 

8.70 

83 7 

92.0 

8<K) 

13 3 

9 37 

63 0 

3000 

383 

37 5 

96.5 

400 

120 

104 

64 2 

3250 

8 12 

40 1 

99.6 

600 

10 9 

11 5 

65 5 

3500 

2 92 

42 8 

102.8 

800 

ion 

12.5 

66 7 

3750 

2 76 

45 3 

105.8 

700 

» 23 

13 6 

68 0 

4000 

2 61 

47.9 

108.9 

800 

8 5* 

14 6 

09 2 

4250 

2.47 

606 

112.1 

900 

800 

166 

70.4 

4600 

235 

•63 2 

115.1 

1000 

7.50 

16 7 

71 7 

4750 

2.24 

55 8 

118.8 

11 (Ml 

7.06 

17 7 

72 9 

5000 

2.14 

58 4 

121.4 

1200 

6 07 

18 7 

74 l 

1 mile 

204 

61.2 

124.8 

1300 

6 32 

19 8 

76 4 

1* ** 

1 67 

75.0 

141.2 

1400 

6 00 

20 8 

76 B 

1W “ 

1 41 

888 

157.6 

1500 

5.71 

21 9 

77 9 

I H - 

1 22 

102 5 

174.0 

1000 

5 45 

22 9 

7‘i 1 

2 “ 

1 08 

116 3 

1904 

1700 

5 22 

24 0 

HO 4 

" 

.962 

13o 0 

206.8 


•* Loom* rock " will cost about 30 cts per yd leas; aud even solid rock will 

av'Ttuir Hhnut 10 cts less than the tables. 


Art. 16. Removing rock excavation by cars and locomotive, 
on level track ; each car holding I cu yd of rock, instead of 1.5 cu 
yds of earth as in Art. 13. This makes hauling cost, for a given 
lead, 50 per cent greater than for earth. Loosening and loading cost* 
are as in Art. 15 ; other assumptions as in Art. 13. 


Lead, 

Miles. 

A 

Yz 

H 


i 

4 


Hard Rock, by Cara and Locomotive. 


Labor $1 per day of to working hours. 


Cu yds 

Hauling cost, 

Loosening, 

Loading, 

Total, 

per day 
per train. 

cts per cu yd 

cts per cu yd 

cts per cu yd 

cts per cu yd 

500 

3-7 

45 

8 

56-7 

400 

S-o 

45 

8 

58.0 

333 

6.4 

45 

8 

59-4 

286 

8.0 

45 

8 

6l.O 

182 

16 0 

45 

8 

69.O 

133 

26.2 

45 

8 

79.2 

105 

39-o 

45 

8 

92.0 
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TUNNELS. 

Tunnels for railroads should. If possible, be straight, espe. 

eially when there is but a single t rack ; inasmuch as collisions or other accidents 
in a tunnel would be peculiarly disastrous. A tunnel will rarely be expedient 
before the depth of cutting exceeds 60 feet. Firm rock of moderate hardness, 
and of a durable nature, is the most favorable material for a tunnel; 
especially if free from springs, and lying in horizontal strata. In soft rock, or 
in shales (even If hard and firm at first), or in earth, a lining of hard brick or 
masonry in cement, is necessary. A tunnel should have a grade or incli- 
nation in one direction, for ease of future drainage ana ventilation. No 
special arrangement is essential for ventilation either during construction, 
or after, if the length does not exceed about 1000 feet; but beyond that, gen¬ 
erally during construction either shafts are resorted to, or means provided for 
forcing air Into the tunnel through pipes from its ends. But after the work is 
finished, except under peculiar circumstances, nothing of the bind is necessary. 
Shafts often draw air downwards; and frequently, even when aided by a steep, 
uniform grade, do not secure ventilation. The Mont Cenis tunnel under the 
Alps, completed in 1871, is VA miles long, and has no shafts, although it grades 
up from each end, which is ttie most unfavorable of all conditions fbr ventila¬ 
tion without shafts. It. was made so for facilitating drainage. Its ventilation 
is maintained by air forced in from the ends. The Hoosac tunnel, Mass, 4^ 
Miles long,has shafts: one of them 1030 feet deep; but, they were for expediting 
jhe work. Shaft* generally co*t from 114 to S times as much per cubic 
yard as the main tunnel, owing to the greater difficulty of excavating and re¬ 
moving the material, and getting rid of the water, all of which must lie done 
by hoisting. When through earth, they must be lined as well as the tunnel 
and the lining must, usually be an under-pinning process. Or the lining may 
first be built over the intended shaft, and then sunk by undermining it grad¬ 
ually. Their sectional area commonly varies from about 40 to 

100 square feet. They have the groat advantage of expediting the work by in¬ 
creasing the number of points at which it can be carried on; but if placed too 
close together, their cost more than compensates for this. The air in some 
tunnels, while being constructed, is much more foul than in others; so that 
after the work has been commenced, shafts with forced air may be expedient 
where they were not anticipated. In excavating the tunnel itself, a heading 
or passage-way, 5 or 8 feet nigh, and 3 to 12 feet wide, is driven and maintained 
a short distance (10 to 100 feet, or more, according to the firmness of the ma¬ 
terial) In advance of the main work. In roek, the heading is just tielow the 
top of the tunnel, so that tlie men can conveniently drill holes In Its floor for 
blasting; but in earth, the heading is driven along the bottom of the tunnel 
that being the most convenient for enlarging the aperture to the full tunnel 
size, hy undermining the earth, and letting it fall. In earth, the top and sides 
of tbe heading, as well as of the tunnel, must be carefully prevented from 
caving in before the lining is built; and tills is done by means of rows of verti¬ 
cal rough timber props, and horizontal caps or overhead pieces, between which 
and the earth rough boards are placed to form temporary supporting sides and 
ceiling to the excavation. Tbe props and caps are placed first; and the boards 
are then driven in between them and the earthen Bides of the excavation. 
These are gradually removed as the lining is carried forward The lining:, 
when of brick, is usually from 2 to 3 bricks thick (17 to 26 inches) at bottom, 
and from to 2% bricks thick at top; and when of rough rubble in cement, 
about half again as thick. It is important that the bricks or stone should be 
of excellent hard quality, and laid in good cement. The bricks should be 
moulded to tbe shape of the arch. As the lining is finished in short lengths, 
and before the centers are removed, any cavitie* or void* between it and 
the earth should be carefully and compactly filled up. Even in rock, if much 
fissured, or if not of durable character, as common shale, lining is necessary. 
The cro*fw»eetion of a single-track railroad tunnel, in the clear of every¬ 
thing, and for cars of 11 feet extreme width, should not be less than about 13 
feet wide, bv 18 feet high; nor a double-track one, lesB than 27 feet wide, by 24 
feet high; unless in the last case the material is firm rock, in which a high arch 
la not necessary for lining. The roof may then be much flatter, so that a height 
of 20 feet may answer. With cars of 10 feet extreme width, the width of the 
tunnel may lie reduced to 25 feet; or with 9 feet cars, to 28 feet. Many have 
been made 22 feet The Mont Cenis is 26 feet wide, by 25 high. The ratr of 
dolly prog; res* from each face of a tunnel varies from 18 inches to 9 feet of 
length per Mnoun. with three relaya of workmen. On the Mont Cenia the ex* 
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Iremefl were about 4 to 9 feet dally for a whole year, from each face. Drills 
worked by compressed air were employed in the headings, which were 12 feet 
wide by 8 feet high. Ordinarily, from 1% to 3 feet may be taken as averages. 
The difference or rate of progress between a single and a double track tunnel 
is not bo great as might be supposed ; inasmuch as a larger force can be em¬ 
ployed on the wider one. If the tunnel is in earth, the construction of the 
lining about makes up for the slower excavation of one in rock. In rock, with 
labor at $1 per day, tne cost will usually vary with the character of the rock, 
from $2 to $5 per cubic yard for the main tunnel; and from 83 to 810 for the 
heading; while shafts will averagp about 50 percent, more than heading. The 
cost of a single-track tunnel, when common labor i»8l per day, will generally 
range between $30 and 875 per foot of length. Tunnel work, however, is liable 
to serious contingencies which cannot be foreseen. Since the sides and roof are 
rough as blasted, the width and height should each be estimated to the con¬ 
tractor as about '.8 inches or 2 feet greater than the established dear ones. At 
any rate, the mode of measurement should be clearly stated in the specification* 
for the work. When a tunnel is made with a uniform grade, the work gen- 
erallywprogresses in a more satisfactory manner from the lower end, because 
the descent favors the drainage of the spring water that is usually met with; 
whereas, at the upper end, It must be removed by pumps or by bailing. TIip 
upper end has, however, the advantage of sooner getting rid of the smoke in 
blasting. Before commencing a tunnel, or even deciding upon one, trial 
shafts should be sunk to ascertain the nature of the material. In long ones, 
the greatest care and accuracy are necessary for preserving the line of direc¬ 
tion, so that the work from lx>th ends shall meet properly at the center. 

In the heading of the Vosburg(Pa) tunnel of the Lehigh Valley R R, built 
1884, cross-section 7 ]A feet X 26 feet, the average progress per working 
day of 24 hours with two shifts of 12 hours each, was as follows; by hand 
drilling 2.8 feet and 2.4 feet respectively from each end; by machine drills 
'two rival drills in competition) 5.6 feet and 7.8 feet. The material was hard 
gray sandstone. For the whole tunnel the rate was about 2 feet per day. 

For further information respecting tunnels, the reader is referred to Mr. 
H S. Drinker’s very full treatise on the subject, published by the Messrs Wilep. 


TRESTLES, 
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•Bd 8, to heights from 20 to 30 fl; Pig a, from 80 to 40 f*. Pig «, krom 40 to (ft ft, as 
rough approximations merely. A single framework, such as that shown in each of 
these six figures, is called a “bent." These bents of course admit of many modi# 
cations. They are usually supported by liases of masonry, as in the figures. These 
preserve tlu* lower timbers from contact witli the earth, winch would hasten theft 
decay. Itlsadvlsable to make these bases high enough to present injury fromcattle, 
or passing vehicles, Ac. Up to heights of about 40 or 60 ft, a single row of posts or up- 
righto, a, «, a, Figs 1 to 9, as shown at t* under Figs 1 and 6 , will answer. But as the 
height becomes greater, mote posts should be lutioduced, as shown at * * under Fig 
6 ; or two entire rows of them; or three rows, as under Fig 7; and as also iu Fig 8 , 
which is an end view of Fig 7. Figs 7 and 8 bear much resemblance to the trestles 
190 ft high, with masonry bases 30 ft high (S. Seymour, C. K.), which earned the 
Erie Rwuy (now the N Y, Lake Erie A West’n K It) over the <>cnef«ee Itiver at 
PortHfre, N Y. There each bent had 21 posts 14 ins squm e, at its lmse, and 16 
posts of 12 X 12, at its top, The other timbers were 6 X 12; many of them were in 
pairs, embracing the posts. Tins single-track viaduct was begun July 1,1851, aud 
completed Aug. 14,1852. It rental lied 1,602,000 ft (B M) of timlier, and 108,862 lbs 
of iron. In the foundations weie 9200 cub yds of masonry. The entire cyst was 
about $140,000. It was burned down in 1875, and was replaced, iu Iohs than 3 mos, 
with a single-track viaduct, of wroiig-lit-iron IreNtlcw, containing, In 
all, 1,340,0(10 lbs of iron, and 130,600 ft (II M) of timber; and costing, complete, 
above the masonry, a taint 695,000. Eloquently the poHts of trestles are in pairs; 
and the other timbers pass betweeu ; all 1 wilted together. 

In Fig 4, the posts a, a, a, are end views of three trestles or bents, such as Fig 3; 
and ft are diag braces extending from trestle to trestle: the two on ter ones inclining 
In one direction; and the central one crossing them. These may be placed eithei 
intermediate of the posts, as in Fig 3; w itb the heads of the two outer ones confined 
to the cap c c of one trestle; and their feet to the sill y y of the uext one, or they 
may all lie spiked or ladted to the posts themselves, as in Fig 4. The last is the best, 
as It serves also directly to stiffen the posts: as do also the braces oo, n n. Fig 2. 
8 uch bracing is t*w> frequently omitted. During the passage of trains, the liackward 
pressure of the steam, exerted through the driving Theels agaiust the track, pro¬ 
duces a serious strain lengthwise of the road, and tending to upset the trestles; and 
the sudden application of brakes to a moving train, produces a similar strain In ths 
opposite direction. These strains become more dangerous as the ht increases. Hence 
the need for such braces. Usually the outer poNtft limy lean 1.6 to 2.5 ins to a ft. 

The posts should not be less than alioutlz ins square,except in quite low trestles; 
and even then not less than about 10 X 10 The diag bracing may generally l»e about 
as wide as the posts; and half as thick. The di->t apart ot the beuts, w lien the road 
way is supported by simple longitudinal beams, should not exceed 10 or 12 It, for 
railroads. But if those beams receive support from braces beneath, like «s, Fig 8 ;oi 
from iron truss rods, the dist may lie extended to 16 or 20 ot 

more ft. But when the trestles become very high, aud contain a great deal of tim 
ber, It becomes cheaper to place them farther apart, say 30 to 60 ft; and to carry 
the railway upon regular framed trusses, as at uu, Figs 7 and 8 ; as In a bridge with 
■tone piers. In the Genesee viaduct, the trestles were 60 ft apart, center to center 

When such a trestle as Fig 8 becomes very narrow in proportion to its height, we 
may add to its stability by introducing beams w, extending from trestle to trestle 
and still further by inserting diag braces v e, as i: the old Genesee viaduct. 

As far as practicable, arrange the pieces so that any one may be removed if it 
becomes decayed; and another put in Us place. 

On curved, additional strength should l*e given on the convex side; as sug¬ 
gested by the dotted lines in Fig 5. On very high trestles especially (as well as 
on bridges), wheel-guards, g g, Fig 10, either inside or outside of the rails, 
should never be omitted. 

In marshy ground, piles may be driven to .upport the IreBtles; or may be left ss 
for above grouud, as themselves to constitute the posts. Such trestles may oftei. b* 
used advantageously, even when to be afterward tilled in by embkt. They then mis 
tain the tails at their proper level until the embkt lias reached it hnal settlement. 

They are generally used to avoid the expense of embkt; especially when earth cat 
only be obtained from a great dist. Even when earth and timlwr are equally con 
Veuient, they will rarely much exceed about half the cost of embkt; even when but 
about 30 ft nigh; but owing to their liability to decay, they should be resorted 1 
only in case of necessity; or as a temporary expedient. 

Bridged. See Trusses, p 689, etc, and Stoue Bridges, (Arches), p 613, etc. 
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ROLLING STOCK 

GENERAL 

1. General features, and details common to both locomotivs 
and cars. Under this head we aim to give only such general in¬ 
formation as may be serviceable to civil engineers, who are con- 
cerud chiefly with the fixt plant of railways. 



2. Trucks. A truck, Fig 1, is a frame into which the journal 
boxes, C, of the axles are fitted, and which supports the car body. 
In the U. S., a truck is seldom used singly, supporting the vehicle 
by direct and rigid attachment; but is almost invariably connected 
with the car or loeomotiv by means of a pivot, P, which enables it 
to adapt itself to changes in direction of track. Trucks, especially 
the side pieces, 8S, were formerly made up of heavy steel flat bars, 
fo/ming a simple truss, and many are still in use. On newer equip¬ 
ment, “pressed” steel side frames are largely used (which act as 
girders) and also cast steel side frames, being patternd after the 
older flat bar trussed frames. 

3. The pivot, P, is at the center of the truck, except in special 
types of loeomotiv trucks, and in some electric car trucks where 
only one motor is used on one pair of wheels and where the pivot 
Is placed more nearly over the driving wheels, to give better 
"adhesion.” 

4. Side-bearing*. The load is usually carried by bearings at 
the pivot, and only those loads due to the side swing of the car 
are taken by side-bearings, B, B; but in some types, now in use, all 
the loads are carried by the side bearings, while the pivot takes 
none. 

5. Springs. Elliptic, flat, or coiid springs are provided between 
the main truck frame, F, and the bolster, B P B, which carries the 
pivot bearing. For passenger service, at least, a coiid spring Is 
placed also between each journal box and the truck frame. Coil 
springs are built in nests of two or more, one within the other, and 
these nests are also used in pairs, side by side, or in groups of 
four or more, especially where used between the truck frame and 
the car body. Semi-elliptical springs are usual on locomotivs. 

6. Journal Boxes. The journals turn In the journal boxes. 
The bearing is of course upon the upper side of the journal. Each 
box 1 b large enough to contain a supply of olid waste for lubrica¬ 
tion. A lid, L, permits access, and keeps out much dirt. Roller 
bearings have been used In electric traction work. 

7. Journal*. Under cars, and in the axles of two-wheeld loeo¬ 
motiv trailer trucks, the journals are at the ends of the axles, 
outside the wheels; in loco driving wheel axles, between the driv¬ 
ing wheels. Journals range from 3% to 6 ins in diam, and from 

7 to 11 ins in length. Trailer truck journals are as largs as 

8 X 14 Ins. f 
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Wheels 

8. Materials. Cast Iron wheels, of which the treads and 
flanges have been chilled to give added surface hardness, are still 
largely used in freight service. Steel tired iron wheels, or forged 
or rolled all-steel wheels, are almost exclusivly used for heavy pas¬ 
senger service. 



9. Tread and flange, for Master Car Builders' standard cast 
iron wheels, and their relations to the rail heads (including gard 
rails) are shown in Fig 2. 


A = overall gage = S' 4%"; 

C = check “ =4' «=«*/«*" ; 

/ = flange thcks. = O' l 1 "/*" ; 

A — gard rail and wing rail gage 
0 — track gage = 4'8%"; 


IV = wheel gage = 4' 7 u /i«"; 
F = flange gage = 4' 5y» ; 
t — tread — O' 4“/ M " ; 

— 4' 5"; 

w = flangeway = O' 


Wheel diameter is measured on center line, A B, of rail. 

10. Standard or niraal diaro, for all car wheels. 33 ins. Wt of 
each wheel, 620 lbs for 30-ton capacity car, to 720 lbs for 50-ton. 


11. Coning of wheel treads. In order to obviate or diminish the 
resistances which would occur under a wheel with a cylindrical 
tread, when rounding curvs, (see Train Resistance, fl 3G, p 1061), the 
transition, from the tread to the flange of the wheel, is made by 
means of a curv, or “fillet”, of about 1 inch radius, which usually 
keeps the side of the flange away from the side of the rail head*; 
ana the wheel tread is “coned” (with its greater diam nearer the 
flanges), in order that the outer wheels (traveling always toward 
the outer rail) may thus he made to roll upon their larger dlams, 
and the inner wheels upon their smaller diams; but, under traffic, 
the coning becomes reduced, and even reverst, the wheel diam, next 
the flange, sometimes becoming even less than that farther from 
the flange. Prior to 1907, the standard coning of the Master Car 
Builders Association was l /& (‘A# inch in 2*A Inches). In 1907, 
the standard coning was increast to Vso (*/*> inch in 1 % ins). Thf* 
Pennsylvania Railroad found breakages of wheel flanges greatly 
reduced by the increase of coning. (See Ry Age Gaz, 1912 Jul 19, 
P»2.) 

12. Tires. The function of a tire is to give added strength to 
the wheels and to resist wear. Tires are either shrunk on to the 
wheels by reduction of temperature, or clampt on in one or another 
of many different ways, or both. 


Brakea. 

13. A Brake Shoe is a metal piece so shaped on one side as to 
conform with the tread and flange of the wheel. Ordinarily, one 
brake-shoe is provided for each wheel, but “clasp” brakes, having 
two Bhoes, one on each side of each wheel, appear to have markt 
advantages. The two (or four) shoes for a pair of wheels are 
attacht by Brake Beams (frequently trussed to give added strength) 
placed parallel to the axle, either between the two pairs, or outside, 
according to convenience, etc, or both, as 1 h the “clasp” brake. 
Brake Hangers are attncht to the brake-beams and trucks In such 
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a way as to take the forces produced by the friction of the shoes 
against the wheels and to hold the shoes in place. A system of 
Brake Levers, distributing the brake pressure properly to all the 
wheels, connects the brake-beams with the source of brake actuat¬ 
ing force, t. v., with the shaft of the hand-wheel or with the piston 
of the air-cylinder, or with both. 

14. Air brake*. For the operation of the brakes by comprest 
air, each car is provided with a Brake Cylinder, fitted with a pis¬ 
ton connected with the system of brake levers. Each car is equlpt 
also with a Brake Pipe running its entire length. The brake pipe 
has a flexible hose at each end, and connections whereby the entire 
line may be joind together, and also with one or two steam-oper¬ 
ated .4ir Compressors . carried on the locomotiv. A Brake Valv, 
placed in the locomotiv cab, enables the engineer to control the 
brakes on the locomotiv and thruout the entire train. 

15. “Straight” air brake. In this brake, the comprest air 
passes from the compressor (or from a reservoir of comprest air) 
on the locomotiv, thru the engineer's brake valv, and the brake pipe, 
directly into the brake cylinders; thus applying the brakes. It* 
operation, however, is not rapid enough for long trains, and has the 
very great disadvantage that any failure of the air supply, as by a 
burst hose, will result in failure of the entire system ; and this la 
most likely when the demand upon the system has been heaviest. 

16. The “automatic” air-brake practically overcomes these 
objections. Each car carries an Auxiliary lleservoxr of comprest 
air, and is provided with a special elaborate valv, known as a 
“Triple Valve”, operated by differences in pressure between the 
brake pipe and the car auxiliary reservoir. The essential feature 
is that a reduction in pres, in the brake pipe (causd either by 
the operation of the engineer's brake valv, ny an emergency valv 
oi a car, or by a failure of the train line) so operates each triple 
valv that air passes thru it from the auxiliary reservoir of each 
car into the brake cylinder. To release the brakes, the engineer 
sets his brake-valv into such position as to restore the normal 
pres in the train-line; whereupon the triple valvs permit the escape 
of the air from each brake cylinder, and suitable springs ensure the 
release of the brake shoes from the wheels. The engineer’s brake 
valv has several positions, by means of which the brakes may be 
either (1) gradually releast, (2) all held as they may have been 
set, (3) gradually applied, or (4) instantly applied. 

17. “High speed brake.” In this the pressures employd are 
nearly or quite sufficient to skid the wheels in spite of the relativly 
low’ fric coef of the brakes at high speed (see “Friction”, p412). 
But, as the speed of the train is reduced, the air is allowd to 
escape gradually, so as to avoid skidding the wheels as the fric 
coef increases. 

18. Electric control of the valvs is largely used in “multiple 
unit” electric train control; and It has been advocated for very 
long steam trains where even the “automatic air” brake is at times 
troublesomely sluggish in its operation. On electric cars, an air 
compressor on each car is operated by an electric motor on that car, 

1®. Electric brake* have been largely used on electric street 
cars. In the Westinghouse electric brake the motors of the car are 
caused to generate electricity which magnetizes a shoe carried 
directly over each rail. The shoe then clings to the rail, and tug 
resulting drag forces the brake shoes against the wheels. Electric 
brakes, depending on the rotation of the motors, cannot, however, 
keep a car standing on a grade. 

20. New high-speed brake. The WeRtinghouse Air Brake Co., 
lOfether with Pennsylvania Railroad (S. W. Dudley, Asst Chf Engr, 
Am Soc M. E., N. Y. Section: 1914 Feb 10) very thoroly tested a 
Hew air brake, with the following results:— 

38 
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Train of 12 steel passr cars and modern loco; total lgth abt 1000 
ft; total wt abt 1000 tons 

Speed, miles per hour, 30 00 80 

Ordinary brake stopt train in 1600 to 1800 feet 

New “ “ ** “ 200 1000 2000 feet 

21. Vacuum brakes have been employd to a small extent. Their 
operation Is much the same as that of the (comprest) “air brake”. 
As It is of course impossible to obtain operating pressures of more 
than about 12 Ibs/sq inch, very large brake cylinders are required; 
but th** apparatus has the advantage that, in case of failure of the 
air service, the brakes are applied automatically, without the use 
of a “triple valv*. 


Miscellaneous. 

22, Air Nlgnnl anil steam supply on passenger trains are oper¬ 
ated by means of separate lines of pipe, running the length of the 
train, each eonnected, between cars and locomotivs, by Individual 
hose connections. The fundamental principle of the air signal Is 
similar to that of the automatic air brake, in that air pres is nor¬ 
mally maint.aind in the line of pipe, and that the work (here the 
blowing of the whistle, in the cab), is done by the escape of air, 
either (1 > effected by a valv. which is operated by a signal cord 
on a car; or (2) from a leak, such as would be caused by the 
breaking in two of a train. 


Closed. Open 



Fig. 3- 


23* Couplers, one at each end of a car, are arranged symmetri¬ 
cally with respect to a vertical axis thru the center of the car 
(the open jaw facing to the left as one stands on the ground facing 
the car), so that cars and locomotivs may always be coupled to¬ 
gether without any reversal of ear or coupler. Figure 3 show's two 
couplers almost engaged, one open and one closed. The knuckles 
are so latcht by pins, P, P, that, with either one open, the cars 
will be coupled when they come together, without further atten¬ 
tion from trainmen. Also, any coupler may be opend, and the cars 
uncoupled, by means of a lever at a corner of the car, without need 
for the trainman to go betw the cars. Iloses of train pipes, how¬ 
ever, must be both coupled and uneoupled by a man who must go 
betw the cars; but devices are being introduced by which this also 
may be accomplisht automatically, especially in multiple-unit elec¬ 
tric traction. Car couplers are pivoted to the draft gear, to permit 
of turning on curvs. 

24. The draft gear is a combination, at each end of each car, of 
a longitudinally-sliding bar, with springs to take up the Rhock of 
starting. The springs make it possible, also, to approximate the 
starting of the train one car at a time, which is valuable because 
the starting resistances are higher than those of normal running. 
In Friction Draft Gear , friction devices are employd which serv to 
absorb tbe recoil of the springs, and thus prevent tbe accumulation 
of rhythmically recurring stresses. 

Clearance. 

25. On bridges, see p 746. In tunnels, the Am Ry Eng'g Assn 
has recommended clearances as shown in Fig 4, betw cen of track 
and side of tunnel. 
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2fl. On curv* an additional clearance is necessary and may be 
computed from the following formulas given by George Paaswell, 
A6st Engr, Pub Service Commission, New York City, in Engineering 
& Contracting, 1914 Mar 25, p 367. In Fig 5, let 
o = dlst betw centers of trucks; 

L — length of ear: 

<• = dist from middle of center line of car to center of curvd 

track; 

c = dist from center line at end of car, to center of curvd 
track; 

J? = radius of curv. 

All units preferably in feet 

Then, c = tf*/8 R ; and <: = (L* - a -)/S It 

See also Min clearance on curvs, p716 



27. Where transition curv* or “Mpiralu” are used, the radius 

may be taken, nearly enough, as that of the curv at the middle of 
the car. For the transition curv radius, R», at any point, we have 
R * = RcT/t; where Rr = circular curv radius; T = length of 
transition curv; i — dist of the point from beginning (T.S.) of 
transition curv. 



Fig. 5 . 


28. Tilt of ear. In addition to this, allowance must be made, 
on the inner side of the curv, at least, for the tipping of the car 
due to super-elevation. ThlR, of course, may he readily computed, 
given the super-plevation, gage, and height of eav of Toot or other 
critical portion of car. 

29. More precise formulas and elaborate diagrams are given 
for these computations by Mr. Frank IL Carter, In Engineering & 
Contracting, 1913 Dec 10, pp 650-2. 

71 
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LOCOMOTIVS 

In the following table 

Wheel-base is the dist along the rail, betw points of con¬ 
tact of the front and back wheels with the rails. 

Tractlv effort, usually betw 0.22 and 0.25 of the wt on all 
the drivers, is the hor ton e which the loco can exert, pro¬ 
vided the wheels do not slip. Ft holds good for speeds up 
to abt 10 mi/hr. 

Tractiv effort ut higher speeds as given by Am Loco Co. 
Multiply the tractiv effort by the lactoi corresponding to 
the speed In question;— 

Piston speed, ft/min... 300 400 500 700 900 1200 1600 
Factor .954 .863 .772 .590 .460 .337 .241 


liocomotlv Data 

The first four lines of the following table are made up 
from intormation recelvd in 1937 from three large U S mfrs 
regarding 11 of their very heavy locomotivs; the last four 
lines from “Statistics of Rys of the II S, by the Interstate 
Commerce Commission," 1935. 

Loco Tender Wheel Lbs/ft of Tractiv 
only, lbs only, lbs Base Track Effort 


Heaviest . 723,400 402,000 Ill'll* 10,050 140,000 

Av except’y heavy. 600,000 400,000 100' 30,000 100,000 

Av heavy. 486,525 339,220 95' 8,692 85,817 

Av mod’y heavy... 400,000 275,000 83' 8,132 83,325 

r S av freight.... 280,000 54.657 

U S av passenger. 250,000 36,225 

U S av electric, frt 288,000 
U S av electric, pass 362,000 


Choice of a locomotiv w'ill depend upon the service re¬ 
quirements, and will be limited by clearances of bridges, 
tunnels, etc, strength of bridges, and wt of rail, this last 
being taken into account on the assumption that each 10 
Ibs/yd of rail will carry a load of 3,000 lbs on each wheel; 
which, for rails weighing 90 to 100 lbs/yd, permits loads 
of 50,000 to 60,000 lbs per pair of driving wheels. 

Mileage. The following figures are taken and deduced 
from Ann’l Report on the Statistics of Rys m the U S, tor 
1935, Interstate Commerce Commission;— 


Locomotiv Mileage 

Passenger Freight Other Kinds 

Total Mileage.446,148,156 344,745,112 37,711,637 

Number of locos. 7,983 27,462 10,169 

Mileage per loco 

per year. 55,887 12,553 37,084 

per day. 153.1 34.4 101.6 
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78. To ascertain the speed of a train or other vehicle, on 
which one is riding:, by counting any known equal spaces, 
such as rail lengths, dists betw telegraf poles, or revs of a 
wheel, past in a given time. Rail lengths may often be 
counted by the sound of the wheels passing over the joints; 
wheel revs by any irregularity of the wheel. 

74. Let L = the length of one of the known equal spaces 
m ft; then 

Speed, in ft/sec =r number of such lengths past m L secs. 

Speed in mi/hr = number of such lengths past in L X 
3600/5280 secs, = L X 15/22. 

With 30-ft rails, the speed in mi/hr will be equal to the 
number of rail lengths traverst in 20.15 secs. 


CARS 

75. Practically all American RR eais, except some ca¬ 
booses, ore and dump cars, are built with two trucks each, 
l’ig 7, each truck having either two or three pairs of wheels. 
In a 6-wbeeld truck, springs and equalizing levers distrib¬ 
ute the load equally, or nearly so, among the three axles. 
I'pon the pivots ol both trucks, rests a long ngid “under- 
iiarnt*” ior the car body. This contains the draft gear 
which takes the longitudinal stresses. The sides of the 
<ars, so lar as practicable, are constructed as girders or 
11 usses. 


70. Material. Practically all new cars are constructed 
pmicipally of steel, especially the undorframos. Some wood 
may enter into the bodies of box and passenger cars. Alum¬ 
inum is being used to a small extent. 


77. Data. The following table gives 
mm uls, etc, of cars ordered in the U S 
’37 •Ian 2). Those of highest or lowest 
nec’y those of greatest or least wt. 


Type Length Weight 

ol of Body Empty 

Car Feet Pounds 


Pass, Parlor, 
Bagg, Mail 
& K\ press. 

Box . 

Gondola .... 

Hopper _ 

Ore . 

Flat . 

Tank . 


61 to 84% 57,100 to 189,000 
40% to 50% 35,200 to 53,000 
24 % to 65% 43,100 to 71,000 
20 to 46 32,600 to 60,400 

20 42,375 

41 to 70 39,000 to 80,000 

29 to 43 34,200 to 75,500 


approx max and 
in 1936. (Ky Age, 
capacity weie not 


Capacity 


21 to 136 pass'rs 
80,000 to 100,000 lbs 
80,000 to 200.000 lbs 
70,000 to 180,000 lbs 
150,000 lbs 
80,000 to 200,000 lbs 
30,000 to 140,000 lbs 


78. Freight cars. The following is from a table, publisht 
in Ry & Eng’g Rev, *12 Feb 10, compiled from data from 11 
large RRs owning over 450,000 freight cars, for a period of 
3 years; av age of all cars, abt 10 yrs. Each car 1 b repaird 
on an av once a month at a cost of $6.26 each time. Av 
mileage per car per year, 10,400, w r hich brings repairs to 
$0.007/ear-mile. 


79. Passenger cars. Av life abt 16 yrs. r Av annual re¬ 
pairs, including painting, $300 to $700; for mail and express 
cars, $150 to $300. The wt ot a pass’r car will av fully ten 
times that of its full load of passengers. 


80. Dump cars are of very varius design. They may 
dump either thru the bottom, thru one or more “hoppers” 
(usually transvers), or thru the sides, in which case 
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either the sides lift up or swing out. or pise the sides remain prac¬ 
tically stationary while the entire floor of the car is tilted, thus 
forming an opening under the side and producing a grade for the 
material to slide on. In the several makes of cars, various com¬ 
binations of swinging sides and bottom pieces make possible the 
delivery of material either between the rails, or at either or both 
sides of the track. Hopper bottom cars are ordinarily operated by 
hand, the doors or flaps being tript to open, and being closed by 
winding up of chains by means of cranks. Tilting-bottom cars 
are frequently operated by coinprest air, and, in some cases, the 
control is quite elaborate, it being possible to tlit the entire load 
simultaneously either to the right or the left, or both right and 
left from alternate cars, under the control of one operator at any 
point along the train. 



Gondola Car 


Flat Car 



Caboose 


Seale of Feet 
0, , , , 6 ID _ 20 26 


Fig. 7. 



81. Ore car* (see Fig 7) are made abnormally short, and of 
relativly small volumetric capacity, as longer carB are necessarily 
very Inefficient in carrying ores, which are very much heavier than 
coal or other materials usually carried. 

82. Crane car* are used chiefly for clearing up wrecks, for 
excavation and earth handling generally, for shifting track, and 
for coaling locomotivs. 

83. I.ocomotiv cranes appear to be coming into high favor for 
these purposes. They can propel themselves promptly from place 
to place. 

84. Steam shovel cars, and pile drivers mounted on cars, 
are made in various styles by a number of mfrs. 

85. Ballast plows or spreaders are treated under “Track”, 
p 810. 

86. Snow plovvs are either plows properly so-called, which shove 
the snow from the track (to both sides for single track, and to 
the right for double track) ; or they are of the “notary” type, in 
which a large cutting wheel, at the front end. on a hor longitudinal 
axis, is caused to revoiv by powerful engins, often driven by a 
full-sized locomotiv boiler, and which disposes of the snow largely 
by virtue of the centrifugal force generated in the cutting-wheel. 
On steam roads the plow is forced into the snow by one or more 
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pushing locomotive behind it; whereas, on electric street roads at 
least, the plow or nweeper (which really sweeps and does not em- 

R loy centrif force) is forced ahead by its own power, the brooms 
eiug rotated by independent motors. Some plows are so arranged 
that the deflecting surfaces may be forced outward by comprest 
air (when clearance is sufficient) and so throw the snow further 
from the track, and therefore with less chance of its retun . 

87. Flankers are pieces, usually of sheet iron or steel, so shaped 
and arranged as to be lowered onto the rails directly in front of 
the wheels, to remove any few inches of snow or ice that may be 
on the rail or along its inner face. They are sometimes fitted to 
loeomotivs, and usually to plows and “rotaries”. 

88. Clearance earn are designd for readily determining the 
proximity of objects along the road. The clearance cars built by 
the Pennsylvania and Baltimore & Ohio It R’s have mounted, over 
one of the trucks, a frame transversely of the car, the limits of 
which are somewhat less than the probable minimum clearances 
of the road. To this frame are attaeht, by means of pivots, at 
Intervals of about a half foot, movable arms, which project about 
two feet from the frame. Each arm is provided with a scale, so 
graduated as to show directly the number of inches inwardly that 
it may have been deflected from its extreme position. The car is 
run along the track, at about 4 mi/hr, where various objects, as 
bridges, stations, tunnels, etc, are past; the arms are deflected 
until they dear, and the deflections are observed and noted. Cor¬ 
rections must of course be made, to provide for the degree of curv, 
if any. and for the distance between truck pivots of any cars to be 
opeiated over the track. In addition to the clearance frame, with 
its fingers, one of the trucks is so connected with a pointer and 
dial as to show directly the degree of curvature, while a pendulum, 
free to swing transversely, is so connected with another pointer 
and dial as to show directly the super-elevation of either rail. See 
aiso “Clearance", 25. 

89. Inspection and hnnd ears range, In elaborateness, from 
simple trucks with geard hand-levers, up to the combination locomo- 
tiv and car, used by officials of the road. Many of these, how¬ 
ever. are now being driven by gasoline motors; which, while requir¬ 
ing more skill to operate them than hand cars, can make very 
high speeds, and can usually keep out of the way of trains Some 
arc so built that their wheels and axles form a metallic circuit, 
which operates the automatic signals and so protects the car from 
trains on the same track*but many of them have the wheels Insu¬ 
lated, and must therefore run under train orders from tower-men. 

90, Track recording cars. See under Track Laying and Main¬ 
tenance. p821 

91. Dynamometer earn. See under Train Resistance, 11 H 56, 
etc, p 1067. 

92. In wrecking outfit* there is usually a powerful steam crane 
car and a number of other cars, carrying miscellaneous equipment, 
and sleeping and dining facilities. They carry rails, ties and 
switch-parts, car-trucks, assorted screws, nuts und bolls; tools of 
many kinds; hoisting equipment of pulley-blocks, chains, ropes, 
wire-cable, hooks, wooden blocking; also powerful portable lights, 
fire extinguishers, linemen’s outfits with tolefone, emergency med¬ 
ical eases, car replacers, etc. 

03. Car replncers are made in pairs, and are castings ro formed 
with grooves or flanges that, when placed on the ties und adjacent 
to the rails, they will guide each pair of wheels back onto the 
rails as the car is forced along the track. They arc often provided 
with lugs, to fit around, or to be forced into, a tie, and with 
notches, to receiv temporary spikes, to assist in holding them In 
place. 

94. Loading standards, ns estabUsht by the Master Car Build¬ 
ers’ Assn, are given in a pamflet obtainable from the Secretary 
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Old Colony Bldg, Chicago, Ill. The aim is, of course, to load the 
cars as evenly as possible, to hold the load In place, and to provide 
for curvs and inequality of track where the load extends over more 
than one car. Where the load is long enough for two or more cars, 
it may be supported on two improvised pivots, one on the front 
and one on the rear car. If the material must be supported mid¬ 
way, metal bearing plates are provided to permit of easy sidewise 
sliding. Where more than two cars must be used, the extra car 
usually takes no load and acts merely as a spacer. Some loads of 
three-car lengths, as plate girders, may be loaded entirely on the 
central one of three cars, the other two being spacers. Piles of 
lath, barrels, pipe, shingles, etc, must all be suitably held in place 
by side verticals and lashings, etc. 


TRAIN RESISTANCE 

GENERAL. 

1. The forces (or force components) acting upon a train in a 
direction parallel with the track, may be classified as 

(a) “moving” forces; tending to start or accelerate the train; 

(b) resistances; tending to hold or to retard the train. 

2. Locomotiv traetiv force, gravity, wind and Inertia may act 
either as moving forces (a), or as resistances (b), according to cir¬ 
cumstances ; but friction (external and Internal) curvature and 
•till air necessarily exert resistances (b)‘. 

3. In any given case, the train resistance, F, Is the sum of the 
resistances acting in that case. 

4. The traetiv force, exerted, by the steam, thru the loco, has to 
move the loco and tender, as well as the cars; but often the “re¬ 
sistance” Is taken as that of the cars alone, or that which opposes 
the pull of the draw-liar behind the tender. 

5. Component* of train resistance. Let 

F% = normal res = the total res upon a straight level track, 
train at rest or at uniform speed, in still air, and at 
normal temperatures 

= the res to which every train Is necessarily subject; 

Ft = grade resistance; ^ 

Ft sx curv resistance; I Incidental 

Fm = wind resistance; ( resistances 

Fi = inertia resistance, due to velocity changes. J 

Then, for the total resistance, we have:— 

F - F n + F t + Fr + F v + Fi .(1) 

6. Unit Resistance. Let W - the weight of the train. 

Then the quotient, f = F/W. is the resistance per unit of 

weight, or unit res. Similarly, ft, ft, etc., denote the unit grade 

res, curv res, etc., respectively. Any resistance may be exprest in 
terms of an equivalent grade. See f 83. 
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NORMAL RESISTANCE 

7. The normal resistance, J n , is the resistance, per unit of weight, 
on a straight, level track, at uniform speed, in still air. Of the 
total resistance, it is that portion to which every moving train is 
always necessarily subject. For incidental resistances, see tl 31, 
etc. 

Components of Normal Train Resistance. /»; 

8 . (a) friction betw the rail-heads and the treads and flanges of 

wheels; 

(b) resist due to undulation of track under a moving train; 

(c) Internal friction of cars and locomotiv; 

(d) resistance of still air. 

Friction between wheels and rail-heads. 

9. When the wheel-flanges run clear of the rail-heads, we have, 
normally, betw rails and wheel-treads, only rolling fric (see p 414, 
1J 193) ; and this is small in amount where track and rolling Btock 
are in good order; but the sliding fric, betw rail-heads and wheel- 
flanges, may be of considerable amount, especially where there ie 
oscillation or side wind, (see 7 44), and is often accompanied by 
lateral sliding of the treads on the heads. On curvs, the two rails 
are of different lengths, and we have longitudinal fric betw tread 
and head. The conditions vary so greatly, on different roads, and 
from moment to moment with the same train, that it is impractica¬ 
ble to establish useful rules for this item, or for the next 

10. Resistance due to undulation of track under a moving 
train is of course greatest on yielding rails and roadway. 

11. The internal friction of rolling stock consists chiefly 
(that of locomotivs partly) of journal friction. Its value, in 
pounds per ton, is 

1, = 2000 cd/D .( 2 ) 

where c = the fric coef of the journal rotating in its bearing, 
d = the journal diam, and D =* the wheel diam. This as¬ 
sumes d/D constant; and, in practice, an average value of d/D 
may usually be estimated for a train. 

12. Journal and rolling resistances combined. It Ib difficult 
to determin these, independently of the other normal resistances. 
Experiments, made for the purpose, appear to have been unreliable. 
From coasting experiments, Wellington deduced 4 to 6 lbs per ton 
of 2000 lbs. 

13. 7n locomotivs, (Am Loco Co., Bulletin 1001, Feb. 1910), the 
frietiou of driving wheels, pistons, valvs, crossheads, etc., Is taken 
at 22.2 lbs per 2000 lbs of wt on drivers. Journal friction, of loco 
truck and trailing wheels, and of tender wheels, is taken as equal 
to that for cars. 

14. Normal air reaUtance. Fa. Air res in still air. (See also 
wind res, 7 44). The evidence is highly conflicting. Prof. W 
F. M. Goss, Western Ey Club Procs, 1898, April 25, p 347; reports 
expts made in a large closed rectangular conduit, in which air 
currents of known velocities impinged directly upon the front ends 
of flxt trains of from 1 to 25 model cars, about 3.5 ins wide, 4.5 
ins high, 12 ins long, each connected, by dynamometer, .with a flxt 
base. Prof. Cross derives the following formulas, in which it Is 
assumed that the linear dimensions of the actual rolling stock are 
32 times those of the models on each linear dimension; that 
freight cars are 33 ft long, and passr cars 66 ft. 
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Let 

Ft, r= total atmospheric resistance on actual train, in lbs; 

V =. velocity, in miles per hour; 

L = length, in feet, of any train, including loco & tender; 

l — length, in feet, of any train, excluding loco & tender; 

then, for the entire train : Fa = 0.0003 (L -f 347) F 3 _(3) 

for cars alone: Fa = 0 0003 (l + 53) V s _(4) 

for loco & tender : Fa = 0.125 V 2 .(5) 



Prof. Goss regards these formulas as giving results varying not 
more than 15 to 20 per cent from the truth in practice. 

Unit air resistance, fa, = Fa/W, where W = weight of 
train in tons of 2000 lbs. 

15. Air resistance is increast l>y spaces between ears, by open 
side doors of box cars, and by differences in heights of cars, as 
where flat and box cars alternate in position in a train. “It pays 
in coal to incur some trouble and delay In putting box cars 
together. That also enables the brakeman to get along the train 
more rapidly.” (Angus Sinclair, "locomotive Engine Running 
and Management”, 1891, p 375.) 

16. Head air resistance of locomotiv is assumed as 0.002 V s A; 
where V = vel, in miles per hour, A = cross-section area of 
locomotiv, usually taken at 120 sq ft. Am Loco Co Bulletin 1001, 
1910, Feb. 

Factors affecting normal resistance. 

Starting. 

17. When starting a train (see Fig 1), the value of fn is much 
higher than when running. Starting may be facilitated by backing 
up suflfciently to slacken the couplings, so that the train is started 
one car at a time. 

18. A. C. Dennis, Am Soc C E, Trans Jun 1903, Vol 50, p 1, 
'ound that, "after the train has stood for some time, the resist- 
inces are abt 2 Ibs/ton above the normal until the train has been 
•un enough to get the journals well lubricated and warmd.” 

18. A. K. Shnrtleff, Am Ry Eng & M of W Assn, Bulletin 84, 
Teb 1907, pp 98, etc., found that, above the freezing pt, the av 
reight train can be started, on a level, with a draw-bar pull of 18 
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lbs per ton of 2000 lbs: but freezing weather, or careless starting, 
may increase this to 25 or 20 lbs per ton. On the other hand, 
“where a stop was but for an instant, trains were started with 6 
lbs. per ton draw-bar pull.” 


Running. 


20. Effect of distance run. With increase of dist run, after a 
stop, the journals become warmd, their lubrication improves, and 
the resistance is thus diminisht. During the first mile or two of a 
run, even with uniform speed and constant air temp, the normal 
resistance, fn, may be as much as 50% above the min, which is not 
reacht until the train lias run about 8 or 10 miles in warm weather, 
and about 25 miles in cold weather. With heavy cars and high 
speeds, the dist required for reaching min fn, is less than with light 
cars and low speeds; the wt on the journals and increast speed 
aiding in the heating of the journals and in the consequent lique¬ 
faction and distribution of the lubricant. (Prof. Edw. C. Schmidt, 
Central lly Club; Ity Age Gazette, 1012 Jan 12.) 

21. Increase of Speed. Fig 1. The high normal res, experi¬ 
enced in starting, decreases very rapidly as the speed increases to 
say 5 miles per hour. From say 5 or 10 to 30 or 35 miles per hour 
(embracing usual freight train speeds) fn increases slightly, and 
then more rapidly with further speed increase. 

Fig 1 shows curvs of fn according to experiments and formulas, 
as follows 

Experiment*. 

22 . A. C. Dennis, 1002. Am Soc C E, Trans, 1903 June, Vol 
30, p 1. Total run, over 3000 miles. Curvs A and R-C. Runs 
made with 


(A.), 105 empty box cars, track frozen solid, rail good; 

47 loaded box cars, track frozen solid, rail good; 

net/tare rz 2; 

( C ), 52 loaded box cars, track soft; net/tare = 63/27. 

Results {B) and (C) practically identical. 


23. The resistances (comp^hsated for velocity changes, see If If 45- 
52) seemed to be “greater than normal when increasing the speed, 
and less when decreasing”. By coasting tests, locomotiv res, per 
unit of wt, was found to be about equal to that of empty cars. 

24. Max H. Wickhorst, 1900. on the Chicago, Burlington & 
Quincy R. R~, between Chicago and Burlington, Ill. (206 miles). 
Eng News, 1901, Oct 31. Five runs, with dynamometer car, 2 
baggage and 2 mail ears; 3 runs loaded, 180 tons, av 55 ml/hr; 
two runs light, 100 tons, av 27,5 ml/hr. Mean temp, 70" Fahr; 
wind very light. Very numerous observations. The two curvs 
show, respectivly, the approx maxima and minima 

25. Prot. Edward C. Schmidt, 1910, University of Illinois Bul¬ 
letin Vol VI, No 30. Very elaborate tests of 32 ordinary freight 
trains, wts 747 to 2908 tons per train, 26 to 89 ears per train, 
averaging from aht 15 to 70 tons per car: over av track, in good 
condition; air temp from 34" to 82" Fahr. Sec three selected 
curvs, Fig 1 ; vels from 5 to 40 ml/hr. 


Formulas. 

26. American T.ooomotlve Co. Bulletin 1001, 1910 Feb, p 10; 
H. R. Age Gaz, 1909, Sep 10, p 455; 

/„ = 5.4 + 0.002 (V - 15)* + 100/(7 + 2)*.(6) 

in which 7 = vel In ml/hr. 

or t G Crawford, Eng News, 1001, Oct 31. Based upon 
Wkkkorst's C. B & tl expts, I 24. For vels betw 25 and 75 ml/hr. 

U = 2.5 + 77408 *= 2.5 + 0.0021 7* .(7) 

,a locomotive Works, stralght-llne formula. R R 

Gaz 1899 Ma? 17. Based upon expts on Phila & Reading system, 
S& Camden and Atlantic City, 55.5 miles without stops. 

U = 3 + 7/6 = 3 + 0.167 7. .(8) 
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Cold. 

20. The American Locomotive Co. (Bulletin 1001, 1910 Feb.) 
lakes the following reductions from the tonnage hauld at normal 
emps;— 

Temperature, Fahr. Deduct 

45® to -5“ . 8 per cent 

25° to 0® . 16 “ “ 

Below 0® . 25 “ - 



Fig. 2. 


Effect of weights of cars. 

30. Fig 2 shows the effect of weight of freight cars, and, inch 
intally, to Borne extent, of velocity, upon the normal resistance, 
; as follows :— 

C B & Q expts, R R Age Gaz, 1009, Aug 27, Sep 3; 

Prof. Edward C. Schmidt, expts, Illinois Central R R. See also 
25. 

The dotted curv represents the formula of A. K. Shurtleff, Am 
y Eng & M W Assn, Bulletin 84, Feb 3907, p 99 

fn = 1 + 90/C.(9) 

here C = av weight of loaded car, in tons of 2000 lbs. This 
►rmula is based upon expts on two railroad systems. Total runs, 
rer 3000 miles, 19 to 41 tons per car. Track varied from “mud 
illast, with medium line and surface, to first class track, well hal- 

sted, with good line and surface.from valley lines to moun- 

lin lines and grades.” Temp from 0® -to 60° Fahr. 

INCIDENTAL RESISTANCES. See fl 5. 

31. In addition to the normal train res, we must usually take 
ccount of the Incidental resistances : 

Fi f due to grades ; due to wind ; 

Fe, “ “ curvature; F<, “ “ inertia. 

Grade Renintance 

33 . On any grade, let a x= the angle with the horizontal, 
hen, for the res, parallel with the slope, necessary to prevent 
lovement of a wt, W, down the slope; we have;— 

• = W sin a; and, since f» = F$/W ; f» = sin a-(10) 
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But, except on very steep railroads, the Blope is so slight that, 
approx, sin a = tana. Therefore, if L = the hor aist betw 
two points, and h = their diff of elev; we have;— 

F* = W tana, and ft = tana = h/L .(11) 


33. The equivalent grade, s«, is that grade which will produce 
the same tendency along the track as that due to a given resis¬ 
tance ; or that grade where the tendency to slide downward Is Just 
balanced by the given res. Hence, any unit res, /, = F/W, may 
be exprest as a grade. For various conversions, see Fig. 3. 



Grade (Per cent; Ft. per 100 ft.; Hundreds of feet per mile; or Degrees.) 


Fig. 3. 


34. Units of grade resistance. Let 

h — grade, In feet per 100 feet; 

S = grade, in feet per mile = 52.80 *. 

35. Then, for the grade resistance, in lbs per ton of 2000 lbs, 

ws have;— ^ _ 20 s = 0.3T8S 8 .(12) 

and, for any unit resistance, /, due to any cause, we have;— 

equivalent grade, in ft per 100 ft, = 1/ 20. (13) 

Ruling grades; see “Operation Cost", p 1084. 

Momentum grades; see p 1076, ft 40. 

Work done and lost on grades; see p 1075, ft 30. 

Effect of Length of Grade on Traetiv Force; see pl0<6, ft 37. 


Curv Resistance. 

36. At any point on a curv, an axle, with fixt cylindrical wheels 
of equal diams, tends to travel forward in a direction perp to itself 
and tangential to the center line of the track, remaining parallel 
with Itself. Hence, the flange of the outer front wheel tends to 
press outwardly against the head of the outer rail, causing sliding 
friction betw the sides of flange and of rail head; and this fric 
opposes the rotation of the wheel. Moreover, the head of the outer 
rail, by its hor reaction upon the wheel flange, pusheR the outer 
wheel (with its axle and mate wheel) toward the cen of the curv, 
compelling both wheels to slide laterally across their respectiv rail 
heads, and thus causing sliding fric betw wheel tread and top of 
rail head. This, of course, is combined (according to the resolution 
of motions and forces) with any longitudinal slipping, as it take# 
place; (ft 37). 
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All this is notably the case with the first wheels of a car or 
train. On the following trucks, the direction of the traction coin¬ 
cides, n( each truck, with a ciiord to a portion of the eurv; and 
thus tends to reduce the pres of said following trucks against the 
outer rail. 

37. Again, the axles must l>e constantly swung, horizontally, 
from positions parallel with themselves, and forced into positions 
more nearly radial to the curv; and this requires that one or the 
other wheel, or both wheels, must he slid, longitudinally of the 
track. See also Corrugation, under "Track”, p 703, fi 01. 

38. In order to obviate or diminish the resistances thus causd, 
the wheel treads are "coned”. See Rolling Stock, p lO^l), fi II. 

39. The resistance, Fc. due to curvature, is influenced by many 
circumstances; such as diam of wheels, tightness of gage, shape of 
wheel treads (whether more or less conical), lengths of rigid wheel 
bases (sec fi 43), kind of coupling, condition of track, elev of outer 
rail, length of train (affecting obliquity of traction: See end of 
1136). 

40. Unit curv resistance is usually taken as varying, other 
things equal, directly with the sharpness of curvature; or, for 
curv resistance, in lbs per 2000 lbs, on a 1>° curv :— 

fo = Dh .(14) 

where D = sharpness of curvature, in degrees; 

fi =z the curv res, in lbs per 2000 lbs, on a 1® curv. 

41. fi Is usually tuken as varying, (with character and condi 
tion of track and of rolling stock,) between 0.5 and 1.5 lbs per 2000 
lbs. In compensating for curvature, on grades, (see p 1078, fi 51), 
it is usual to allow betw 0.6 and 0.8 lbs per ton. See Fig 4. 

42. FIs 4 shows the unit curv res, fc. by Ea (14), in various 
units, corresponding to sharpnesses from 0° to 20°, and for values 
of f x from 0.5 to 1.5. The dotted radial line gives, for diff degrees 
of sharpness, the sweep, in degrees, of a mile of curvd line of 
given sharpness; and the dotted curv gives the ft of line per degree 
of sweep. 

Feet per degree of sweep = 100/D .(15) 

Degrees of sweep per mile = 5280D/100 .,..(16) 
These two dotted diagrams represent purely geometrical conditions, 
without regard to renistance. 

43. Effect of length of wheel-base. Prof. Wm. G-. Raymond, 

R R Gaz, 1906, Aug 17, makes (he curv resistance, 

fc = 0.4 + D(0.205 + 0.035 B) .(17) 

where D = sharpness of curvature, in degrees, 
and D — length of wheel-base, in feet. 

43a. Effect of velocity. It is probable that curv resistance, f u 
per degree of sharpness, (like normal res), varies with velocity, 
somewhat as indicated by Fig 1. In other words, we may expect 
to find it (1) high at very low speeds (because the value of the 
frlc then approaches that of static fric), (2) falling to a min at 
moderate speeds, and (3) increasing again at higher speeds. 

Wind resistance, fw. 

For normal resistance, fa, due to still air, see fi 14. 

44. Head winds of course oppose, and winds in the opposit direc¬ 
tion assist, the forward movements of trains; and side winds, by 
forcing the wheel flanges against the rail heads, increase the re¬ 
sists; Dut little is known as to the extent of these influences; and, 
as their exertion cannot be controlled or foreseen, their effect is 
practically incalculable. A margin must nevertheless be made for 
Incm, according to ludgment, in estimating the ability of engine to 
move given loads under given conditions. Where the vel of head 
wind or of tail wind, can be estimated, the vel of head wind may 
be added to, and that of tail wind subtracted from, the train vel, 
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and tbe sum or diff used in connection with fl 14. For ‘‘heavy 
winds", the Am Loco Co deducts 8% from the tonnage hauid in 
still air. Bulletin 1001, 1010, Feb. See also two C B & Q dia¬ 
grams in Fig 2. 

Inertia. 

45. To accelerate a train requires a ‘‘moving force” ; and to re¬ 
tard it requires a resistance. Conversely, a train, undergoing accel, 
may be said to offer a res, due to inertia ; and one being retarded 
may be said to exert a force, due to inertia. In order to compute 
tbe total train res. when vpI is being changed, we must include the 
res due to inertia; and, for this, we must know or assume the 
weight, and either (a) the rate of accel, or (b) the vel, and the 
dlst within which a given vel change takes place. 



46. (a) When a weight falls freely, the accel of vel, due to ths 
force, W. of gravity, is g = 32.2 ft per sec per sec ; and the 

accel. A, of any given body, is directly proportional to the unbal¬ 
anced force, Fi, acting upon it; or 0/1 = W/tu Hence, for 
the force or res, Fi, due to inertia, and producing an accel or a 
retardation, .4. we have:— 

W 

Fi = — A = M A .(18) 


where 1U = 1 V/g = the mass of the body. 

(b) Let a car move on a horizontal track, and let 
W = the car’s weight; M — W/ff = the cars mass; 

Y = the car’s velocity; ' 

Fi - the unbalanced hor force, acting upon the car ; 

L = the dist, and T the time, within which t ; 
can produce or destroy V; 

K = the car’s kinetic energy = Fi L = the corre¬ 

sponding work. 


FI. per degree (Dotted co*rv«) 
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Then (Mechanics, pp 343, etc., Art. 19) 
K = MVy* = FiL; . 

and 


F * = jr/L 


% MV* 7 

-= M — 

% TV T 


.(19) 

M A ...(20) 


47. Values. The following may be taken as indicating the range 
of accelerations, A, and of values of Ji, to be expected in practice. 

A = acceleration in ft/sec/sec = 0.0161 U 

fi = force in lbs per 2000 lbs = 62.1 A 

Starting accelerations; 


Accelerometer tests by Harry Egorton Wimperis, 

England; Mins Proc Inst C E, 1911-12, Part II, 
plate 8. 

Electric multiple-unit trains, when leaving stations. A f « 
Average 1.5 93.2 

Maximum 2.5 155.3 

Steam train . 0.5 31.0 

A single bevy American loco, pulling a train of only 
two passenger cars, may be expected to attain 

(up to moderate vels) . 1.0 62.1 

Braking retardation; 

Electric and steam trains, England. 4.0 248.4 

to 4.5 279.4 

Various types of modern high-speed Westinghouse air 

brakes. Vels 25 to 50 mjAr. Pennsylvania R R 3.0 186.3 
maximum (just before stopping).... 8,0 496.8 

Assuming friction coeff, c, = 0.2 lb /lb; 

A = 2000 X 0.0161c = 32.2 c = gc: 
and assuming all brakes correctly adjusted ... 6.4 397.4 


With very light trains for suburban service, where high accels 
are essential, the forces or resists, needed to overcome inertia, may 
greatly exceed all the other forces or resists. 


Rotational Inertia. 


48. In addition to the inertia due to motion of the car, as a 
whole, along the track, we have, in the revolving wheels and axles, 
an addiftonaMnertia, due to their rotation alone; and, like the lln 
ear Inertia of the car, this rotational inertia of the wheels and 
axles exerts a resistance during acceleration, and a “moving force” 
during retardation. We here have to take account of the gyration 
radius (p 352) of the rotating parts. This Is less than the wheel- 
tread radius. 


Let 

R = wheel-tread radius; 

V = rectilinear car velocity 

= rotational vel of point 
on wheel-tread about 
wheel axis; 

A = corresponding acceler¬ 
ation ; 

K = car energy; 

F^ =: hor force, applied at, 
and normal to, wheel 
axis, and producing 


r = gyration radius of ro¬ 
tating parts; 

v = rotational vel of point 
at end of r; 


a =r corresponding rotational 
accel; 

k = rotational energy of 
wheels, etc.; 

F r = tangential force, at end 
of r, producing o; 


F% = hor force, at axis, pro* 
ducing a; 
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w 

— 

ear weight; 


w 

= weight of rotating 






parts ; 


31 

— 

car mass = 

■ w/o. 

m 

= mass of rotating 

parts 






= w/g. 


Then 

< 

s. 

! 

00 

= A/a 

= 

R/r) we have :— 


k 

= 

% m v 2 ; 

k 

m v 2 

mi t ,J tn / 

r\ * 

K 

= 

% M v 2 ; 

K 

M V 2 

M R? ~ M \ 

k) 
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Fa 

— 

Fr— — 

m a — 

Fi = 

. M A ; Fr = 

m a; 



R 
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Fa 
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m r 2 

m l r 

\' k 



— 

-- — 
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.(21) 
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49. Because the masses of the axles lie dose to their axes of 
rotation, their rotational inertia is so small that it is commonly 
neglected. But car wheels and electric motors are of considerable 
wt and diam, and their rotational inertia forms a material portion 
of the total car inertia. 

50. Valued. In ordinary car wheels, r/R, ( = v/V), is usually 
about 0.7, varying somewhat with wheel design; and the ratio, 
t o/W, betw the wt, w, of the wheels, and the total wt, W, of cai 
and load, varlcB (chiefly with the extent to which the car If 
loaded), usually betw 0.17 and 0.06. 

k m r 2 

Hence, — = -, may be expected to range from 

4 K MR 2 

0.7 2 X 0.17 to 0.7 2 X 0.06, or say from 0.085 to 0.03; or, as an 
average, say k/K = 0.05; and K k = 1.05 K. 

51. As determined by the Westinghouse Mfg. Co., and as com¬ 
puted from data furnisht by the General Electric Co, k/K, in elec¬ 
tric motors, varies betw wide limits. In general, however, it lies betw 
0.05 and 6.15 for av street and inter urban cars, neglecting the 
wheelB and gears, for which, in such cars, k/K appears to be about 
0.10. 

With electric locomotivs, the range is much wider; certain gear¬ 
less electric locos having k/K less than 0.10, Including wheels; 
while in other low-geared freight locos, k/K may be as high as 0.60. 

Velocity Head. 

52 . let 

H = V i /2g = head due to hor vel of car; 

h = = head due to curvilinear vel of point at end of 

gyration radius, r. 

For a given mass, h/H = k/K. Hence, taking k/K = 0.05, 
of K + k = 1.06 K, we would have, 

i + h = 1.05 ff. 

Prom eg (20), fl46, substituting (K + fc) = 1.05 K, fur K, 

we have:— 

Ft = 1.00 K/L. Hence, Ft = 1.05 W H/L ; and 

2000^ _ 2100 H 2100 P* 


where V = hor vel of car, In ft per sec = (1.466..) X V*. 

where Vm = vel in miles per hour. Hence, we hare:— 

ft = 70.15 F.*/L.(22) 
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SUMMARY. 

53. Fig 5 gives a general view of the relations betw the normal 
resistance, fn, and the three calculaDle incidental resists, ft, U and 
ft, due to grades, to curvature, anu to velocity increases, respec¬ 
tively. 

The V scale refers only to the fn and fi diagrams; while the » 
and D scales refer to the ft and fc diagrams respectively. 


Note that the right hand vertical scale relates to the fc diagram 
t»nly. 

The fn diagram represents the Am Loco Co formula of Eq (6), 

II 20:— 


100 . 


fn = 5.4 + 0.002(V - 15)* +-, 

(V + 2)* 


where V = speed in miles per hour. 


The ft diagram represents eq (12). H 35, 
ft = 20 s, 

where s = grade in ft per 100 ft. 

The fo diagram represents eq (14), fl 40, 
fc — Dfu 

where D = degree of sharpness, and f x 


O.8. 



FIS. 5- 


54. The several ft curvs represent the sum of linear and rota¬ 
tional inertia resists, where sura = 1.05 X linear res, and h — 
the diet, in ft, in which the vel change is effected. In using these 
curvs, it is necessary to take out the two resists, one for the 
initial and one for the final vel (each for the dist L in question). 
Then, Inertia res = difference only betw these two resists, each 
of which, alone, represents the res when one of the vels is zero, 
fx = 70.15 Tm'-/L; eq (22), fl 52. 
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55 . Example. Let the wt, W, of train be 1500 tons; the up¬ 
grade, s, = 0.05 ft per 100 ft; the curv sharpness, D = 3°; 
and let the vel, V, he increast, in a dist, L, of 10,000 ft, from 30 to 
40 mi/hr; (mean vel, 35 mi/hr). 


Then, from Fig 
Normal resistance, 
(irade 
Curv 

Inertia “ 


5, we have 
fn, Am Loco Co (V 
U ( = 20 X 0 05) 
fc ( = 0.8 X 3) 
fi ( = 11.2 - G.3) 


lbs per ton 

35 mi/hr) . 0.2 

. 1.0 

. 2.4 

. 4.9 


Total unit resistance, f, . 14.5 

Total resistance, F = fW = 14.5 X 1500 = 21,750 lbs 
Of which there are due 

to uniform-speed resistances 9.0 X 1500 r= 14,400 lbs. 
to speed-increase “ 4.9 X 1500 = 7,350 lbs. 


DYNAMOMETER CARS 

56. The chief function of a dynamometer car is to measure 
(and record) the trnctiv effort. The dyn ear is placed betw the 
loco tender and the first car of the train, and the amount of the 
pull upon its draw-bar then indicates the tractiv effort exerted 
upon the train exclusiv of the tender. 

57. Recorder. The car Is usually fitted with apparatus for 
grafically recording or plotting the various data to be obtaind. 
This apparatus consists essentially of a large table or frame, fitted 
up in the car, with a long continuous strip or band of paper, to 
receiv the record. This band is caused to move longitudinally 
over the table and under a number of pencils or pens, each of 
wUch is capable of more or less lateral movement across the paper. 

The movement of the paper may be made proportional either 
to the dist truveld along the track, or to the time consumed. If 
the movement of the paper is to be proportional to distance traveld, 
the drum, onto which the paper is wound, or which drives it, is 
usually geard to an axle, left without brakes, since braking might 
cause "the wheels to slide. The gearing is preferably so arranged 
that the paper will move in only one direction, whether the car 
moves forward or hack, as otherwise the records would overlap 
when backing up and moving ahead again If the movement of the 
paper is to be proportional to time, the winding drum may be 
operated by powerful clock-work, or by a well-constructed fan move¬ 
ment such as that used for the striking action of a clock, or by 
means of magnets operated by electric contacts made at close 
intervals by a clock. 

58. Pens. The lateral movements of the several pens or pencils 

arc eontrold, sometimes by electro-magnets, and sometimes by me¬ 
chanical connections of various kinds, aB may be convenient or 
appropriate. 

59. The draw-bar pull was formerly measured by means of a 
mechanism similar to a weighing scale laid upon its side, so as to 
measure horizontal instead of vert forces. It is the general practice 
now, however, to have the draw-bar connected directly with a 
piston, sliding in a strong cylinder containing oil. A pipe leads 
from this cyl to a smaller cyi ptaced at the recording apparatus, 
and fitted with a piston and spring, as in the ordinary steam- 
engin “indicator.” This then records directly upon the paper, by 
moving its pen more or less to one side, depending upon the fore© 
transmitted thru the oil, from the draw-bar Another method 
makes an “indicator” of the main draw-bar cylinder, by fitting It 
with accurate hut heavy springs, and bv directly transmitting Its 
movement mechanically to the pen of the recorder. Using either 
method, leakage of oil past the piston in the cyl must be compen¬ 
sated. This is usually done by means of a special pump. 
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60. Acceleration. Accelerometers usually depend upon the for 
ward or backward deflection of a pendulum or other eccentrically 
suspended mass, under the force due to acceleration or retardation. 
Difficulty has been experienced in preventing violent and misleading 
oscillations without unduly delaying or restricting the motion. The 
Wlmperis accelerometer, Mins Proc Inst C E (England), 1911>12, 
Part II, p 420, appears to give good results, the motions of the 
masses being dampt magnetically. Mr. Wilfred Lewis, of Phila¬ 
delphia, has used an instrument similar to the common leveling 
tube; and the behavior of the bubble seems fairly satisfactory; but 
this device can make no record. Another instrument, experimented 
with by the Trautwlne Company, cannot possibly over-indicnte, no 
matter how sudden the changes of accelerating force.. The appa¬ 
ratus (carried on the car) depends upon the constant dropping of 
a stream of particles, such as sand, steel balls, or drops of water, 
from a given point in the apparatus, thru a given height, onto a 
scale placed at the bottom of the apparatus and lying in the direc¬ 
tion in which the accel is to be measured. The particles are releast 
in rapid succession, and each particle, falling freely, must continue 
falling with the hor vel it had when releast. Therefore, any change 
of vel of the car, which occurs during the fall of any particle, shifts 
the scale under it more or less, so that the particle falls upon the 
scale at a greater or less distance from the zero (which is Imme¬ 
diately under the point from which the particles are releast), in 
direct proportion to the av accel during the time of falling. 

61. Strictly speaking, an accelerometer can measure acceleration 
only when running on a level. With a train on a grade, the effect 
of the grade increases or diminishes the indications, and, unless 
correction can be made for this, the indication of accel is corre¬ 
spondingly misleading. On a car or train running without power 
or brakes (on any grade), an accelerometer’s indications become a 
measure of the total resistance of the car, or train, as a whole. 

62. Lateral forces, due to curvs or inequalities in the track, 
are frequently measured by an accelerometer placed at right angles 
to the track, especially on test cars. 

63. Time should be recorded when the movement of the paper is 
proportional to the dlst traverst, and a time record is useful even 
when the paper is moved at a time-rate. It is usually made by a 
pen deflected by an electro-magnet actuated once every five seconds 
Dy contacts in a clock. 

64. Distance should be recorded if the paper is made to travel 
at a time-rate, and a dist record is useful even when the paper is 
moved In proportion to the distance. It is made by a pen, deflected 
by an electro-magnet, or by gearing from the wheels, every time a 
certain dlst has been traverst. In any case, dist 1 b usually recorded 
also by an observer using a push-button by means of which he can 
deflect another pen upon the passage of each mile-post or other 
object. 

65. Speed may be deduced from the records of distance if the 
paper Is moved at a time-rate or vioe versa. It is, however, prefer¬ 
ably plotted by a special pen, which, as the velocity changes, may 
be deflected from its datum line by mechanical connection with a 
device similar to a centrifugal governor, or by some other type of 
speed recorder; or the pen may be so arranged as to be drawn 
aside from the datum line by means of an electric contact or gear¬ 
ing from the wheels, proportionately with the dist traverst releast 
at the end of a given time interval, and allowd to fly back to the 
datum line, thus giving a record of average velocities for succes- 
siv short intervals of time. This last device should require no cali¬ 
brating. Using an additional refinement only the stepping-up or 
counting mechanism returns to zero, while the pen remains at the 
point previously reacht, thus plotting a stept curv instead of a 
aeries of ordinates. 
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66. Air-brake operation is usually recorded by a pen deflected 
by a piston in a small cylinder connected with the brake cyl of th« 
car. 

67. Boiler pressure has been similarly recorded by means of a 
steam pipe connected with the loco. 

68. Wind velocity has been recorded (at least on the Univer¬ 
sity of Illinois Test Car) by the usual Weather Bureau Robinson 
cup-type anemometer, making and breaking electric contact with 
every 0.2 mile of wind. 

08. Wind direction is recorded (on the same car) by mechan¬ 
ical connection with a wind-vane, whereby the deflection of the pen 
is kept = to the sine of the angle of the vane, right or left, while 
the forward or rearward position of the vane is indicated by an¬ 
other pen. 

70. Curvs may be recorded by mechanical connection with one 
of the trucks. 

71. Miscellaneous data are largely recorded by hand, by meanB 
of push-buttons on the car or loco; this method being used for such 
items as shovelfuls of coal put into fire-box, opening and closing 
of tire-box door, opening and closing of throttle, position of reverse 
lever, etc. 
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TRAIN DYNAMICS 


GENERAL 

Tractlv Force, ReNlMnnceN, Speed, Energy. 

1. The movements of n train are governd hv the existing relation 
betw the tractiv force and the rcsistaneec. This relation is partly 
under the control of the enginman. See f 4. 

2. Tractlv Force. With a given loco, tractiv force (p 1050) is 
lncreast by increast steam admission to the cylinders (as by In¬ 
creasing the boiler output or the throttle opening, or by delaying 
cut-off), and by increasing the “adhesion” betw drivers and rails 

i &s by sanding the rails). The tractiv force is diminisht by 
imlnisht steam admission to the cylinders and by slipping betw 
the drivers and the rails. 

3. The renlstunee is increast by the application of brakes or by 
reversing the loco cngins; and is diminisht by releasing the brakes. 

4. In practice, however, these operations are complicated by 
other phenomena. Thus, a material speed increase (as by increast 
steam admission to the cylinders) increases the difficulty of main¬ 
taining the increast cyl pressures; while, on the other hand, as a 
train slows down, it becomes easier to maintain said pressures. 

5. Again, under certain conditions (Resistance, pp 1057, etc.) 
the frictional and atmospheric resistances Increase when the speed 
Increases. As a result of this, each grade has Its limiting velocity, 
which cannot be exceeded by a descending train, left to itself upon 
such grade. See pp 1087-8, U 37-38. 

Effect of inertia. 

6. Energy. When speed is being increast, kinetic energy is being 
stored in the train, and such storage (except when produced by a 
down grade) requires additional work from the loco. When speed 
is being diminisht, the kinetic energy, already stored In the train, 
assists its forward motion 

7. For any change of speed, as from t?, to t' a , the change, in 
kinetic energy, is 

t?i* — r 2 2 i*i 8 — v-r 

W -= m -— ; where 

217 2 

W = the weight, and m = the mass, of the train ; and g = 
gravity acceleration, = say 32.2 ft per sec per sec. 

8. The virtual head or velocity head, = the height thru 
which a body must fall, in order to change its vel from t>i to t> 9 , i« 

Vj 2 — v s 2 

hv — -. Hence, 

2g 

t’i 2 - is* 

Change In kinetic energy = W -= lfL. 

20 

Where either v x or v 2 = zero, we have, vel = v, and 
Energy change = W v 2 /2 g = W h v . 
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GRADES 

0. In considering the establishment of grades, their effect upon 
train velocities is of vital importance. 

Virtual Profile. 

10. Virtual head; virtual urnile; virtual profile. In Figs la, 
1 b and If, let ABC...G be a given railroad profile; and, in 
each Fig, let a train, coming from the left, reach A with a vel of 
r ft per sec. Let A a represent, by the scale of the actual profile, 
the corresponding or virtual head, hv — v s /2 y. For simplicity, 
we here neglect the rotational vel of the wheels; see p 1064. 
At other points, in cither Fig, erect ordinates, 11 b, 0 c, D d, etc, 
representing, by the same scale, the virtual bends at those points 
respectivly. Then, for the condition, see fl 13, represented by either 
Fig, ab c . . . g is the virtual profile corresponding to the actual 
profile, ABC ... G. 

11. Let 

T = the loco tractlv force parallel to the track 

F — the total or resultant resist “ “ 

t = T — F = the resultant force “ “ 

— the force causing the accel M “ 

F» = the gravity component “ “ 

Ft — the nongravitational resist “ “ 

("+” = with T; u — n = against T) “ “ 

IV ~ train weight acting vert downward 

ij ~ gravity acceleration “ “ “ 

12. As will be shown, the behavior of the train is govemd by 
the adjustment (partly within the control of the enginman) betw 
T, F, Ft and Ft. 


If T Is 

Ft Is 

T + Ft is- 

Fr is 

' +~ 

F = 

« 

* 

1 

II 


< F. 

F. - Fr 

T - (Ft - Fr) 

= T - Ft + Fr 

> F. 

~ 

+ 


Ft + Fr 

1 

T — (Ft + Fr) 

i = T - Ft - Fr 


0 

+ 

- 

Fr ! 

T - Fr 


+ 

+ 


Fr — Ft 

T — (Fr — Ft) 

- T + Ft - Fr 


13. Flfftt la, lb and lc represent three supposable and typical 
cases, as follows :— 

Fig la. T = Fr. Virtual profile horizontal; 

Fig l.b. T = F. “ “ parallel to actual profile; 

Fig lc. Neither of the two foregoing conditions satisfied. 

14. Flic la. “Frlctionlesa train.” We here assume that the 
tractiv force is maintaind thruout equal to the non-gravitatlonal 
resistance; or T — Fr. The train is then mechanically in the 
condition of a frictionless body ; i. e., all vel changes are tboBe due 
to gravity alone. 

15. Then, in passing from A to B, the train loses A' B in ele¬ 

vation, but gains an equal amount In virtual head due to incre&sft 
vel, makiug its total virtual head, at B, hv = B b = BA ' -f A 1 b. 
Hence, the virt profile, a 5, betw A and B, is horizontal, as is also 
(In Fig la) the virtual profile, a l for the entire line, 

A B 0. ,, ,0, assuming (as above) that T and Fr are maintained 
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joual thruout This is apt to be at least approx the case with 
Licht and fast passenger trains on short and moderate prades. 
Such a condition would continue indefinitely (assuming T main¬ 
tained = Fr), except that if, at any point, the actual grade. 

4 _ a, rises to the level, a - g, the train comes to rest, and 

cannot start again without increase of T over F. See fl 21. 


1«. FIk lb. Velocity uniform. If the tractlv force is main¬ 
tained equal to the total resistance (which includes the gravity com¬ 
ponent), 4. e., if T = F = ± F» ± Fr; so that t = T — F = zero ; 
then the vel (and, consequently, the vel head, hr, represented 



bj Aa.Bb, etc) remain constant, and equal to those of the \sain 
arriving at A; and each stretch, a b, b c, etc, of the virtual 
profile ah la parallel with the corresponding stretch.jl $. 
So etc. of the actual profile, ABO... .0. On level stretches., as 
BO, we havf yf = w*. "« 16 (a8 ttal0ut 

Fig It), T = Fr, and 0 c horizontal 

' *V *ri* to, Uaujil caae. In general (and especially with 
trt-m %e V?“lion betw T, Fa, Fr and IJ, adjusted bytbe 
englnmas, (see ti fl 1, 2, 3) to suit Misting conditions, fulfils neither 
the; conditions of Fig ,1a nor those of Fig Jo. 
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18. In the assumed case, represented by Pig lc, we have:— 


In Fig lc 


Section 

Grade 

Tractiv 
force, T 

Virtual and 
actual grades ! 

t ( = T - F) 
and 

acceleration 

| actual virtual 

. A 

—* 

—* 

= Ft - F 

parallel ! 

0 

A - B 

N. 


< Fr > F' 

divergent 

+ 

B - 0 

—* 


> Fr > F 

i 

+ 

C - D 


—> 

= Fr < F 

i convergent ; 

- 

D - E 

N, 


< Fr > F* 

divergent j 

+ 

B - F 


—> 

= Fr > F ( 

it 

+ 

F - Q 



> Fr < F 

convergent j 

- 

G .... 



ft. 

11 

1! 

parallel j 

0 


In general; Figs la, lb, lc. 


If the virtual 
grade Is 

The tractiv 

force, T, is 

If the virtual 
and actual 
grades are 

The velocity 

Is 

up 

> r. 

divergent 

accelerated 

level 

= Fr 

parallel 

uniform 

down 

< F, 

convergent 

retarded 



coincident 

zero 


19. The dotted profile, f f g, in each of the three figures, repre¬ 
sents a case where, instead of proceeding continuously from F to G, 
the train stops, as at F'; i. e., the case where the vel becomes zero, 
and the two grades coincide. 

20. Different Profiles for different trains. Since trains differ 
as to speed, etc, each train may require its own separate virtual 
profile; thus, Pig la represents approximately the probable con¬ 
ditions for fast passenger trains; Fig lc those for freight trains, 
etc. 

21 . The virtual profile shows the speeds, and the speed changes, 
which may be expected of a given train on a given profile. Thus, 
Pig la or lc, if, at A, the vel were such that the vel head was 
only A a', the train would stall at D, provided the other conditions 
remaind as shown; the virtual profile, a d, in that case, being 
simply lowered vertically and parallel with itself, thru the dist 
a a' = dD. See fl it. 


•On a down grade, the total resistance, F, becomes Fr minus F$ 
(see fl 12) ; and may thus be very small, or zero, or even a minus 
quantity. Therefore the loco tractiv force, T , even if less than Fr, 
may yet be greater than the “total” resistance, F. 
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22. Head-gain. Fig lc. In any given dist, as B C, the non- 
gravitational head-gain, ft,., (or head-loss, as the case may be), 
represented by c'c, is directly proportional to the unbalanced 
non-gravitntioual force, tr ( = T — Fr or b\ — 'T), acting 
upon the train thruout that dist; and the ratio, betw said un¬ 
balanced force, tr, and the train weight, W, is equal to the ratio 
betw ftp and the dist, L, represented by B C. In other words, 

tr ft,. ftp 

W ~ L ~ L 

23. Profile steepness measures force excess. Fig lc. Sim¬ 
ilarly, in the distance represented by .4 B, there is an excess 
( = t r = F r — T) of non-gravitational resist over tractiv force; 
and the increase in vel and in ve) head is therefore less, in Fig 
lc, than in the same stretch, A B, in Fig la, where T = Fr. 
The corresponding loss, ft,., of vel head, in A B, Fig lc, as com¬ 
pared with Fig la, is represented by ft' ft. Here also 

ft,. 

t r = w-. 

• L 

The steepness of any line in the virtual profile is thus a measure 
of the excess of tractiv force over nou-gravitational resistance, or 
vice versa. 



The height to which a truir will ascend a grade. 

24. Fig 2. Suppose a train running, at uniform speed, on a 
level track, A B. Then ,‘the ’ipeed being uniform), we have, on 
AB, T = F| or t ( = T — F) = zero (fl 18) ; and (A B 
being level), we have; gravity component, F», = zero; and 
tractiv force, T ( = F) = Fr -f Ft = Fr ■+■ 0 = the 
nongravitational resistance, Fr 

25. At B, let this train encounter an ap-graae, B C; and let 

6 — the angle, C P 1), between the grade, B C, and the hori¬ 

zontal ; 

t — T F — net tractiv force 

= loco tractiv iorce minus total or resultant resistance; 

W =r weight of train and loconiotiv; 

Fa = W Rin 9 = the gravity component; 
g = gravity acceleration = 32.2 ft per sec per sec; 
t> = train velocity at B. 

26. Now, if, on the grade, BC (in spite of the addition of 
F» to the resistance) T is so maintaind that we have 

T > F (virtual grade, ft d, diverging from actual grade, B 0 ), 
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then (see H 18) the vel is accelerated, and accel = gt/W. 

If 

T — F, t — 0 (virtual grade, -b e, parallel with actual grade, 
II C), then the vel is uniform (accel = gt/W — zero). In either 
of these cases, the train ascends the grade indeflnitly. 

27. But if, on the grade, It C, we have 

T < F (virtual grade, ?> r, b o' or b c", and actual grade, B 0 , 
converging), 

thou the vel is retarded, with negativ accel = — g t/W, and 
the unbalanced retarding force,' — t = T — F, brings the train to 
rest 

in a height, he, hr f or he ", and 
m a dist, hr /sin 8, he'/ sin 6, oi he"/ sin 8. 
determined as follows :— 

28 . (1) if, on the grade, BC, we have 

T (< F) = Fr (virtual grade, be, horizontal), 
then the train (see il 14) moves under the action of the gravity 
component, t = Fa = W sin 8, alone, with neg accel = — gt/W = 

— g W sin 8/W = —//sin 8. Hence, the unbalanced retarding force. 

— t — Ft = W sin d, brings the train to rest 

in a height, he = v-/'lg, and 

in a dist, It c — hr/s\n 6. 

29. (2) But if, on the grade, B C, we have either 

(a) T ( < F) > Fr (virtual grade, bc\ ascending), or 

(b) T ( < F) < Fr ( “ “ 5 e", descending) ; 

then the unbalanced retarding force, — t = T — F will bring the 
train to rest 

in a height, (a) he' = he W sin 8/V, or 

* (b) he" = he IV sin 8/t "; 

in a dist, (a) Jlc' — heW/t' = h'c/sinfl; or 

(b) Be" = hcW/t" = hc"/sin 8. 


D 



Work due to elevation difference*. 

30. Fig: 3. Theory. In moving a train, of weight W, from A 
to It (whether thru the uniform grade, A—B, or via A—O—B, or 
vi u A — 1) — It, or via A — I)' — B), the net or resultant work done, 
due to elevation dlff, alone, and neglecting friction, is theoretic¬ 
ally W h, or the work of lifting the wt, W, thru the vert height, h. 

31. In traversing A—B, or A-C-B, the train does not rise 
above B, or descend below A; and the total work, due to elev difif, 
is equal to the net or resultant work, W h. 

32. In traversing A-D-B or A-D'-B, the train wt, W, must 
indeed be lifted thru the greater height, H or H'.respectlvly, mak¬ 
ing the total work, due to elevation diff, = Fa, or WH, re- 
spectivly; but, theoretically, the additional work, W d or Wd, en 
taild by the lift, d = H - h, or d' = //' - h, respectivly, is com¬ 
pensated by that given out by the train on the down-grade, after 
passing the summit, D, or before reaching the lowest point, D'. 
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33. Practice. Hence, the resultant work, due to elevation diflf, 
remains, mechanically, = W h; and this is frequently realized, 
more or less approximately, in practice; the energy, due to the 
down grades, bdng utilized to an extent depending upon the lengths 
and steepnesses of the grades, and the resistances upon them, and 
depending also upon the grade beyond U, and upon whether a stop 
is made at B, or at the foot (/>') of the down grade. 

34. Any rise, K—D (or fall, A—IV), which entails work in excess 
of W h, is accompanied by a fall, l)~B (or rise, D'—F) of equal 
vert height. But the “rise-and-faH”, in bl—D—li (A—D’—F) is 
d (<T) ; and not 2 d (2 (T). 

Practical Considerations. 

35. Grades increase the operation coat. 

On an up-grade, AB or C B, Fig 3. p 1075, the lift, h, involvs 
additional fuel cost. Speed reduction, on the grade, may diminish 
the total normal resistance (compare Fig 1 of Train Resistance, 
p 1058) ; but reduced speed means time-loss and therefore increust 
labor cost. 

36. Descending; grades. In descending any grade, there may 
be a reduction of expense for fuel over that required for running 
on a level, and some reduction in wages cost due to traversing a 
given dist in Jess time, but steep down grades are nevertheless 
troublesome and expensiv, as in wear of brake-shoes and of wheel- 
treads. 

37. Effect of grade length upon tractive force. Upon a long 
up-grade, unless speed is reduced, any surplus boiler pressure, with 
which the locomotiv may have onterd the grade, is drawn upon and 
may he exhausted, within a dist depending upon the load and upon 
the steepness of the grade. Thereafter, the tractiv force is limited 
by the steaming qualities of the boiler; and it is to he expected 
that the mean tractive force, on the entire grade, will diminish as 
the length of the grade increases. Comparing various cases, Mr. 
Beverley S. Randolph finds, approx: 

Length of continuous 

up-grade, miles : 0 5 10 15 20 and over 

Mean tractiv force = 31 24 10 17 1(5 % of wt on drivers. 

The steepness seems not to affect these figures appreciably. Am 
Soc C E, Trans Vol 70, Dec 1010, p 323. 

38. Humps and sags. Notwithstanding the foregoing, minor 
grades (even tho steeper than ruling grade) may often be properly 
introduced in the profile of a railroad. Their introduction may 
efFect great economy in construction, thru the avoidance of heavy 
cutting and filling. For “ruling grade,” see fl 11, p 1084. 

39. An acceleration grade is a hump introduced for the pur¬ 
pose of aiding in stopping and starting trains at a station placed 
at the grade summit, or to accelerate or retard their speed at a 
given point. Such grades may reduce not only the wear and tear 
on wheel-treads and on brake-shoes, in slowing down, and the work 
required in regaining speed, but the time required in both opera¬ 
tions. They are largely used on rapid transit lines, even where 
their use involves increast excavation for subwayB, or increast 
climbing, by passengers, to elevated stations. 

40. A momentum grade is one which, however steep, is so 
short that any train, with reasonable velocity, may surmount it 
without losing too much of its Speed. It is usually so steep that 
a train could not surmount it without “taking a run”, or re-start 
if stalled upon it. 

41. Momentum grades must therefore he introduced only after 
considering every probable or possible condition which might lead 
to stalling; such as grade crossings, curvature, sidings, water 
tanks, stations, etc, on, or just before reaching, the grade; or the 
possible future installation of such features. If the danger of 
stalling 1 b slight; or If a train, when stalled, can readily be backt 
off, and run on again, and If the delay to following traffic 1 b not 
serious; & momentum grade is permissible. 
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42. Up-grade limitation*. Starting up-hill. Where trains must 
be started up-hill, the grade should be such (Webb) aB to permit 
an acceleration of at least 15 mi/hr in 10(K) ft, or a ruling grade 
should be reduced (Alaska Central Ry) by 0.2 ft per 100 ft. 

43. In cuts, even where other conditions would permit the use 
of a level grade, it is usual to establish a grade of not less than 
0.2 ft per 100 ft, for the sake of drainage. 

44 . One railroad specifics that, on sidings, no grade shall exceed 
5% (264 ft per mile) on a tangent, or 3% (158.4 ft per mile) on a 
curv, or 1% (52.8 ft per mile) where cars are to be loaded. 

45. Down-grade limitation**. The speed, acquired on a down 
grade, depends partly upon its vert depth, and partly upon the 
grade rate. See Classification of grades, p 1087, ft 37. The drop 
should never be such that freight trains (left to themselvs) will 
attain speeds exceeding say 30 to 35 mi/hr; nor should it reduce 
the speed of ascending freight trains below 10 mi/hr. 

46. Vertical curv* should be employd wherever there is any 
markt grade change. They prevent forward and backward impacts, 
due to taking up and giving out slack of couplings betw cars, and 
avoid the resulting danger of breaking the train iu two. 



CURVS 


47. In Fig 4, assuming curv resistance proportional to sharpness, 
7>, or approx Inversely as radius, R (See Train Resistance, p 1062, 
Ptf 40) ; let , _ , __ _ 

For curv A M B 
R/r 


n — . 

Sharpness = approx. 

Radius = . 

Curv resistance = approx. 
Curv length, In 100-ft chains. 


d = D/n 
R = nr 

fe = Fc/n 

L — nt 


For curv a 6 
R/r 
D 


Fc = 


n d 
R/n 
n fo 
L/n 


Sweep = 


L d = n I ■ D/n = l D 


48. Cinergy. Then, for the energy, Ec, expended ( = work done) 
in balancing curv resistance alone, thru either of these two curvs 
of equal sweep, A. we have :— _ 

Ec = Fc l = n fe L/n = fcL. 

In other words, the curvature work is the same in both cases; and, 
plainly, If either of these curvs were shortend or lengthend, Its 
sweep, &, and the curvature work required, would he proportion¬ 
ately affected. 
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49. Work proportional to sweep. Hence, assuming (as 

above) Vc = nfe, we find that the work, due to curvature alone, 
on any curv, is proportional to its sweep, A> and is independent of 
its sharpness, 1), or radius, 11. 

50. But, comparing the two lines, A M It and .4 m It of equal 
sweep, (the latter including the tangents, A a' and b’ B), we have: 
length A m It > length A MB; and hence non-curvature work on 
A m B > that on .4 A I B; and, as we have seen (fl 491, the curva¬ 
ture work is equal on the two lines of equal sweep. A- Hence, 
total work on .1 m 11 ( = noncurv work on A m B -f curv work on 
a' mb') > total work on A A1 B. 

Crude Compensation for Curvature. 

51. On account of the added resistance, due to curvature, it iB 
customary (where practicable) to reduce or llattcn up-grades upon 
which curvature occurs, in order that their total resistance (grade 
+ curv) shall Dot exceed that of a tangent on the original grade. 

52. The compensation rate (grade-reduction rate) is the 
grade reduction for each degree of sharpness, D. Thus, “0.04” 
means a grade reduction of 0 04 per cent of grade for each degree 
of sharpness, D; so that, for a 5° curv, with 0.04 compensation, 
on a grade of 0.7 per cent, we should have.— 

compensated or reduced grade 

= 0.7% - (0.04 X 0)% 

= 0.7% - 0.2% - 0.0% 


53. Limiting grades (see p 1084, fl 11) should always be com¬ 
pensated, if possible; since the limiting grade, on a tangent, 
offers the maximum resistance which the standard locomotiv is 
expected to overcome; and any added resistance (as from curva¬ 
ture) would therefore endanger the stalling of each train. 

54. hi on-limiting grades (seep 1084, 32-14) need not he com¬ 

pensated heyond an exteut which renders the compensated grade 
equivalent to the limiting grade. In many cases, this will require 
no compensation on non-limiting grades; but, on any non-compen- 
sated grade, the presence of the curv involvs a cost increase, due 
either to speed reduction or to increase of fuel expenditure. Com¬ 
pensation is therefore always desirable, even where not actually 
necessary 

55. Compensation, carried to such an extent that it results in a 
down-grade, is unfavorable to traffic in the opposit direction, hut 
this consideration is not necessarily prohibitory. Thus, the return 
traffic may be light, as where coal or ore cars return empty. 

Practice. 

5tt. Kate. Some authorities consider a compensation rate of 0.03 
per cent, per degree of sharpness, exeessiv, while others consider 
0.04 insufficient. The mean of these, = 0.035, is quite generally 
accepted as a fair average, with modifications, as noted below, for 
special conditions. 

57. Differences in track condition, including tightness of gage, 
and superelevation, apparently account for much of the diff in 
practice. 

58. Higher rate. Factors tending to increase the rate of com¬ 
pensation are:—the predominance of heavy, low-speed freight 
trains; the probability of trains being required to slow down or 
even to stop and stand for some time on the curv; the existence 
of a stopping place immediately before a curv, in which case com¬ 
pensation as high as 0.10 per cent of grade per degree ol sharp¬ 
ness has been recommended {Webb) ; probable dampness in tun¬ 
nels, etc. 
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59. Lower rate. On the other hand, lower rates of compensa¬ 
tion may be used where high-speed passenger trains predominate; 
and where there is a regular stopping place Immediately beyond 
the curv, in which ease the ourv resistee may he utilized, along 
with the full grade, to assist in stopping the train. 

CO. Change of Rate. Some authorities suggest that the com¬ 
pensation rate should diminish as the sharpness increases; while 
others hold that the compensation rate should he proportional to 
the sharpness. 

Maximum Sharpness 

Cl. Theoretically, the max permissible sharpness is that which, 
at max permitted speed, requires the max permitted superelevation. 

62. In FIb 5, the eight lower diagrams show the max permissible 
sharpnesses for diff speeds, and for superelevations of from 1 to 8 
inches, on standard gage = 4 ft, 8.5 Ins, according to equation 

118, Curvs, Superelevation, p 9(54, 176; E, ins, — V 2 /)/1458.6, 

whence D = 1458.6 E/V 2 . The upper diagram givs the sharp¬ 
nesses required by Mr. A. M. Wellington’s proposed rule (tty Loca¬ 
tion, p270; Am tty Eng & M W Assn, l'roes, 1910, Yol II, Part I, 
p 681.) Centrif force > Weigbt/4. 



63. Practically, max sharpness is governd also by the character 
of the country and by the traffic. Camp (“Track, p2o7) na¬ 
tions the following as indicating current practice for standard- 
gage main-track service:— 

D R, ft 

> 4° < 1433 considered sharp; 

10° 574 “ very sharp; 

15° 383.1 practical limit for full speed; 

20 ° 287.9 used, on compulsion, with speed reduction; 

22 * 262.0 used, on compulsion, with speed reduction. 

12° 478.3 standard max sharpness (with spirals) Alaska 

Centl tty, 1909 ; . , x _ 

14* 410.3 Btandnrd mux sharpness (with spitals) N Pac 

Ry, 1903. 



1080 


RAILROADS. 


Curvs as sharp as 67° (90 ft radius) have been used on the de¬ 
rated railways of New York City. 

64. For sldlng/t, the following sharpnesses are In use:— 

D Rj ft 

17° 338 where large road locos must place cars on sidings; 

29 * 200 for coupled furniture cars; 

39° 150 for coupled coal cars and for box cars pusht by 4-wheel 
or 6-wheel shifting locos; 

95“ 60 for cars drawn by horses or by short shifting locos on 

warehouse sidings, etc, with very low speeds. 

65. Gard rails are commonly used with curve of 10° sharpness 
(R = 359.3 ft) and sharper. 

Minimum Sharpness, etc 

60. It Is sometimes specified that sharpness shall not ordinarily 
be less than 1° {R = 5730 ft) except where sweep, A. < 3°; 
that curv length shall be < 300 ft; and that a tangent, < 500 
ft long, shall be used betw two curvs in the same direction, and a 
tangent,< 600ft long; betw two curvs in opp directions. 

See also Gard rails, 05; Gage on curvs, p 811; Superelevation, 
p 963. 
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TRAIN OPERATION COST 

GENERAL 

1. The design and construction of a railroad and of its rolling 
stock (like its profitableness) depend largely (1) upon the amount 
and character of the traffic to be expected, (2) upon the resulting 
revenue, (3) upon the funds available for construction, and (4) 
upon the expenses (fixt charges plus operation cost). The first 
three items are usually estimated by the promoters; but the esti¬ 
mation of the construction and operation costs devolvs largely upon 
the engineer. 

2. The construction and operation costa depend largely upon 

(1) the topography, 

(2) the availability of the necessary supplies of material and labor, 

(3) the character and amount of the expected traffic, 

(4) the character and amount of the proposed rolling stock, (motlv 
power and cars), 

(5) the amount of money available for construction. 

3. The Problem. Informed as to these features, the engineer Is 
concemd chiefly with fitting, to the topography of the country, that 
line which best meets the requirements, the final criterion (from 
the investors’ standpoint) being the rate of return upon the money 
invested. 

4. The comparison between two proposed linen, A and B, 

may be based either (1) upon their respectiv construction costs, 
plus the capitalized yalues of their respectiv operation costs; or 
(2) upon their respectiv operation costs, plus the annual values of 
their respectiv construction costs. Thus, we may suppose a case 
where the costs per mile of the two lines, A and B, compare as 
follows:—(capitalization nt 6%) 

(1) Capitalized (2) Annual 



A, $ 

B, $ 

A, ? 

B, $ 

Construction 

29,900 

20,000 

1,500 

1,200 

Operation 

100,000 

125,000 

6,000 

7,500 

Total 

125,000 

145,000 

7,500 

8,700 


In this supposed case, for a given revenue, line A is preferable, 
notwithstanding its greater construction cost. For Railway Con¬ 
struction Cost Estimates, see p 1094. 

TRAIN-MILE, AND TRAIN-MILE COST 

5. The train-mile, “t-m”. When a train (of any length, 
weight and character) is run (under any conditions) thru one 
mile, the result is a train-mile (t-m). 

6. Train-mile cost, m. For any given series of operations (as 
for the operations of any one line for a day, or for all the rail¬ 
road operations of a country for a year) the average t-m cost is 

total operation cost 

m ~ —- 

number of t-ms run 

Similarly, the t-m cost, due to any given item or items of opera¬ 
tion, is 

operation cost due to said item or items 
number of t-ms run 


39 
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7. Average T-m Cost In U. S. From the 24th Annual Report 
of the interstate Commerce Commission, see Table 1, below, we 
have, as the av total t-m cost, for the three classes of lines consid- 
erd, for 1911_ 





E = total 

T = total 




Gross 

annual 

annual 

m 

Class 


annual 

operation 

train-miles 

= E/T 


operation 

cost 

run 

= t-m 



cost 

(Statement 

(Statement 

cost 




41) 

36, p 49) 


I 

< 

$1,000,000 

$1,844,065,958 

1,185,632,129 

fl.r.r.r. 

» I 

< 

> 

$1,000,000 
$ 100,000 

$ 57,092,361 

42,315,853 

$1 349 

III 

> 

$ 100,000 

$ 13,472,094 

9,552,156 

$1,410 

Totals 

and average 

$1,914,630,413 

1,237,500,138 

$1 547 


The I. C- C. reports for 1890-9 gave values of m ranging only 
from $0,918 to $0,984 ; avge $0,952 

In our subsequent discussions, we assume m = $1.50 

8. Departures. The train-mile (t-m) cost, m, varies widely, 
not only (from time to time), with fluctuation of unit costs, but 
(at a given time), as betw diff lines. See ff 7. Nevertheless, with 
given unit costs, the t-m cost, on a given line, is practically 
constant, because the work, required to move a train over the 
line, is fixt, within narrow limits, by the fact that economy for¬ 
bids the use of less than the max practical train-load, and this 
is determined by the character of the line. See fl 10. 
Train-mile-cost distribution. 

9. Table 1 gives the percentages of the t-m cost, assignable to 
the dlff items making up that cost, as determined by the Interstate 
Commerce Commission. Estimates of these percentages vary 
widely; but the percentages, given In Table 1, renresent the av 
of American practice, and thus form a useful gide, subject to 
modification in cases where special conditions cause notable de¬ 
partures from normal conditions. 

Operation Cost 
Table 1 

Deduced from the 24th Annual Report of the Interstate Com¬ 
merce Commission (for the year ended June 30, 1911) on the 
Statistics of Railways in the United States; issued by the Govern 
ment Printing Office. Washington, 1913.__ 


Railroads of 

Class 

I • 

215,146 

Class 
II • 
19,120 
22,989 

Class 
III • 
9,167 
11.036 

Miles of track . 

328.800 

—^^.roiFiiiOT 

on Expenses 




a, = 

% of m 

o, = 

a, — 

Maintenance of Way * Structures 

% of nt 

% of m 

Superintendence . 

Roadwdy and track 

Ballast . 

Ties .. 

Ralls . 

Other track material . 

0.963 0.963 

(K423 

2.992 

0.897 

1.021 

1.218 

1.508 

Roadway and trackf. 

7.240 12.573 

17.801 

22.406 


(Table Concluded on next page.) 


♦See J 7. above. 

tSee * foot-note, p 1083. 
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(Table Concluded from preceding page.) 



Class I 

■DM 

mm 


a, = 

a, — 

a, = 


% of m 

% of m 

% of m 

Tunnels, bridges, etc . 

Crossings, signs, fences, etc.. 
Signals, telegraph, etc . 

1.G82 

0 309 

0.759 2.810 

3.373 

3.323 

Buildings, docks & wharvs_ 

1.943 1.943 

1.679 

0.920 

Miscellaneous . 

0.583 0.583 

0 660 

0 804 

Total, MW & Structures.. 

18.872 

24.731 

28.961 

Maintenance of Equipment 




Superintendence . 

0.661 

0.865 

0.722 

Repairs 




to locomotive . 

8.058 

6.386 

5.836 

to cars . 

9 178 

6.381 

4.720 

10 floating equipment . 

0.050 

0.024 

0.008 

to work equipment . 

0.223 

0.210 

0.136 

Renewals to equipment . 

0.859 

0.304 

0.538 

Miscellaneous . 

0.806 

0.793 

0.463 

Depreciation of equipment. 

2.702 22.537 

3.751 

3 109 

Total, Maint of Equipment 

22.537 

18.714 

15.532 

Traffic (Agencies, advertising, etc) 

3.116 3.116 

2.540 

1.882 

Transportation 




Superintendence & despatchg .. 
Station employees . 

2.183 

7.062 9.245 

9 373 

8.248 1 

Yard conductors & brakemen.. 

Yard euglnmen . 

Yard loco, fuel . 

Yard & station operation miscet 

2.869 

1 618 

1 601 

3 085 9 173 

5.461 

1.962 

Road loco, fuel . 

10.454 10.454 

11.935 

12.240 

Road englnmen . 

Road loco, other expenses. 

6.256 

2 969 9.225 

9.094 

9.720 

Road trainmen . 

Train supplies & expenses . 

Opn of interlockers & signals.. 
Train & signal miscel . 

6.642 

1.782 

0.509 

0.415 9.348 

7.749 

7 818 

Miscellaneous . 

4.307 4.307 

3.998 | 

3.441 

Total Transportation . 

51 752 

47.610 

43.429 

General (Administration, insur- 




ance, etc) . 

3 723 3.723 

6.405 

10.196 

Total . 

100.000 

m 

ESSB 


•Applying ballast, ties, rails und other track material; track 
maintenance; care of roadbed; general cleaning; patrolling and 
watching; changing alinement and grades; bank protection; ail¬ 
ing; train service, etc. 
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COMPARISON OF LINES 


Limiting and Non-Limiting Factor* 


10. In comparing alternative lines, the factors to be considerd, 
as chiefly affecting operation costs, are diffi in grade, in curvature 
and in length. Taken collcctivly, and considerd wit i regard to 
their effect upon operation cost, grades and curvs lull into two 
main classes, which must be carefully distmguisht, viz.—limiting 
and non-limiting, or ruling and non-ruling, or “major” and “minor”, 
grades and curvs. 


11. The ruling or limiting grade or curv, or limiting com¬ 
bination of grade and curvature, on a given loco division, is that 
which affects operation cost by limiting the length and weight of 
train which, under normal working conditions and without “mo¬ 
mentum”, one standard loco can take over the division, and by thus 
limiting the minimum number of trams (aud thus the minimum 
work) required for a given traffic. 

12. Total Work. With given motiv power, the maximum train- 
weight, which can be hauld over a given line (while practically 
independent of the length of the line) is thus determind by some 
limiting or controlling (or “major”) condition of grade or of curv¬ 
ature, or of both combined; but the total work required, to haul 
this max train-wt over the line, may be affected by non-limiting 
or “minor” conditions as to length, as well as by those of grade 
and curvature. 

13. Thus, suppose that, with a given locomotiv, a long 12 8 curv 
(unavoidable on each of two nltemativ lines, A and H) renders 
500 tons the max train-wt which can be hauled over either line. 
Then that curv is a limiting or “major” factor. But, if line B 
has also one or more 4° curvs, or short grades, which are absent 
from line A, or if line B is longer than line A (the two lines being 
otherwise similar), then line B requires more w’ovk than d"es line 
A to haul the given 500-ton train over the road; and this excess 
of work givs line B the higher operation cost. 


14. We thus have:— 

Affecting 

Grades and curvs , , 

Limiting .max train-weight 

Non-limiting .work on max train 

Length differences. “ 11 ‘‘ 

Pusher grades. “ 


Not affecting 

work on max train 
max train-weight 



Fig. 1. 


15. Steepest vs Limiting Grade. The limiting grade is not 
necessarily the steepest grade on the division. Thus:— 

(1) A short grade, steeper than the ruling grade, may be sur; 

mounted by the standard train and loco, by means of “momentum 
(See A 40, p 1076). . ^ ^ 

(2) Fig 1. Where, for instance, loaded cars move from M to l, 

while they return empty from T to M, the lighter and shorter 
grade, P 8, opposed to the heavier traffic, may be the ruling or 
limiting grade. .. _ , , , 

(3) The limiting condition may he a combination of moderate 
grade with heavy curvature. 
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18. Sharpest v» Limiting: Cnrv. Similarly, the limiting curv, 
on a division, may be a long and comparativly easy one. Again; 
the limiting effect of a given curv may be eliminated by grade 
reduction. See p 1078, fl 51, etc. 

For analysis of effect of limiting grades and curve upon opera¬ 
tion cost see M 19 to 24. 

17. Non-limiting factor* are:— 

(1) Leugth-differences ; 

(2) Pusher grades: 

(S) Non-limiting 


Computation 
Method of Procedure 

18. In comparing the operation costs of two lines, as affected by 
limiting or non-limiting diffs in grades, in curvature or in length, 
\\f determin or estimate (compare Table 2) : 

1 The normal train-mile ("t-m") cost of each operation item: 

2 The percentage, a, which each of these item costs forms of 
the total t-m cost, m (see Tables 1 and 2) ; 

3. The extent (percentage, b, of a) to which the cost of each 
Item is affected by the grade-diff, curvature-diff, or length-diff in 
question ; 

4. The resulting change (a' = b a, percentage of m) in the per¬ 
centage value, a, of each item, due to the did in question; 

5 The sum, A\ of the values of a', obtaind under “4” ; i. e 
the total t-m cost of the dlff in question, exprest as a percentage 
of the total normal t-m cost, m: 

<». m' = A' m = the t-m cost of the dlff in question, ex¬ 
prest in dollars; 

’. Co = the annual cost of the dlff in question; « 4 o 

8. Vo = the capitalized value of the diff in question. 11 * ’ 

Example of Method 

Construction of first column ("Add'l train") of Table 2. 


Limiting Factors. 


19. Example. Under Maint 
t = normal number of daily 
round trips; 

m* = supt t-m cost of normal 
trips, t; 
a, = 100 iru/m 

= m, as percentage of m; 
8 = normal total dally supt 

cost; 

L — line ; 


Way & Structrs, let 
V = number of add’l dally 
round trips; 

m»' = supt t-m cost of add’l 
trips, V; 
a,’ = 100 m*’/m 

— m*’ as percentage of m; 
n = increase in 8, due to 
add’l train; 
gth, in miles. 


Let It be supposed that, with a given alinement and profile, 10 
round trips per day (f = 10) are required to handle a given traffic, 
and that a proposed increase of grade or curvature, or both, due to 
a proposed change of line, would so reduce the max train-wt as to 
require 11, instead of 10, daily round trips for the same traffic. 
Then 

r = 11 - 10 = 1; and t’/t = 1 / 10 . 


20. To And b. Let it be found or assumed that this increase of 
1/10, in t, increases the total superintendence cost, B, (first item of 
Table 2) by only 1/100 or 1%. 

Then 


* Lt'm*' V tw/ 1 

B ~ Ltm* t m, 100 


and, (1U8,4) 


a*' «/. 

a, rtu 


e t 1 10 

8 X V “ 100 X 1 


1 

- = 10 %; 

10 


b. = 



iu»t> 


KA1-LKUA1WS. 


or, in this example, the t-m cost, m/, of supt, for the additional 
train, is 10% of the normal supt t-ra cost, m,. 

21. Effect on the other cost Items. Then, averaging values 
of a for the three classes of road in Table 1, il 9, using round fig¬ 
ures for convenience, and applying assumed percentages, b (subject, 
of course, to wide variations under cliff conditions), to the remain¬ 
ing Items of operation cost, we obtain (merely bv way of illustra¬ 
tion of the method), the remaining values of o ( = b a) given 
under "Add'l train" in Table 2. 

22. Summing: these values of a\ we obtain A\ = 43.8, as 

the t-m cost of the add’l train, exprest as a percentage of the total 
normal t-m cost, m. Then 

m' — A’m, 

where m = the total normal t-m cost, here assumed at $1.50. 

23. In this case, therefore, we have, as the t-m cost of the 
additional train required by the limiting factors, 

m' = A'm = 0.438 X $150 = $0,657. 

24. To thus found, should be added a small amount (say 
from 1 to 1.5 cents) to cover interest on cost of each additional 
loco and tender required. 


Other (non-limiting) factors. 

25. In Its remaining columns. Table 2 givs similar analyses for 
the remaining (non-limiting) operation-cost factors: viz.—length, 
pusher grades, rise-and-fall, and curvature. See below. 

26. Length-difference. With a given max train-weight (de- 
termlnd by the limiting grade or curvature or both), a length- 
increase increases operation cost by entailing additional work on 
each train, viz.—the work of hauling the mux train-wt over the 
additional length. 

27. Great and small lenglh^diffcrences. On any lengtb-dlff (great 
or small), roadway and track maint cost per t-m will approx equal 
the normal cost of that item; but train-wages cost per t-m (which, 
on a great lengtb-diff, may also equal the normal), are negligible on 
small length-dlffs The effect of this upon the estimate may be illus¬ 
trated by a supposed case, as follows; in which, assuming (for 
convenience) that roadway and track maint amounts normally to 
15%, and train wages to 13% (compare Table 1) of the total oper¬ 
ation cost, we assume probable values of 6. find the resulting values 
of a', and thus compare the effects of great and of small length-diffs 



Train wages 
Number of stations 
or of sidings 


Length-difference Class 


Hot affected 
Not affected 


t ^Jiffected 

Not affected I 


C 

Affected 

Affected 


The effects of length-diffs upon operation cost are Indicated in 
Table 2. 



















NON-LIMITING FACTORS 


IWi 


20 . Effect of length-difference upon revenue. Of two competing 
roads, betw two given points, either will lose thru business if it 
charges higher thru rates than the other. Hence, under compe¬ 
tition, the rates, on both lines, betw two given points, are usually 
(other things equal) those proper to the shorter line, and short¬ 
ness is therefore an important advantage; since the shorter line 
has the less operation coBt. 

30. But, in the absence of competition, freight and passenger 
rates are usually based upon the distance traveld; and the revenue 
of a line, betw two given points, is therefore practically propor¬ 
tional to length of line; whereas total operation cost usually 
Increases less rapidly than does length of line. Hence, in the ab¬ 
sence of competition, the longer line is in general the more remun- 
erativ. 

31. A pusher grade is a grade so steep, and so long, as to re¬ 
quire regularly two locos or three locos (instead of one) for each 

i train ascending it. Hence, where the pusher locos are of equal 

i power with the road locos, the pusher grade is usually made about 

twice, or about three times, as steep as the limiting grade on the 

f division, according to whether each ascending train requires two 

| locos or three locos. 

32. Theoretically, therefore, the first loco supplies, and each 
pusher supplies, only the power necessary to haul the max train up 

[ the limiting grade; and the work, required of each pusher outfit, is 
I theoretically only that of hauling the max train up an additional 
i ttretoh ( = pusher-grade length) of the limiting grade. 

For analysis of operation cost of pusher grades, see Table 2. 


33. See Table 2. Pusher grades affect chiefly the items of 
Roadway and track maintenance, 

Repairs and renewals of locos, cars, etc, 
lx>co fuel and expenses. 

34. The annual operation cost of a pusher loco and tender ranges 
ordinarily between $7,500 and $18,000, with $10,000 to $15,000 as 
more probable limits. 

35. A non-limiting or minor grade Is either less steep than 
the limiting grade (p 1084, fl 11), or so short that it can be sur¬ 
mounted, by “Momentum” (p 1076, U 40), by one standard loco 
drawing the max train. It therefore affects operation cost by 
requiring additional work to lift the max train. Problems relating 
to non-limiting grades are usually called “rise-and-fall” problems. 

A comparison of the definitions of 8r, hd, hr and L», tltl 39 and 
43, will show that the additional work, entaild by a minor grade, 
is equated with that of hauling the max train over an additional 
stretch of level track, whose length is such that the work of this 
level hauling, over it. Is equal to that of lifting the train weight 
thru the vertical height of the grade. 

For analysis of non-limiting grade problems, see p 1088, fl 39. 

36. Similarly, a non-limiting or minor curv Is either less 

sharp than the limiting curv, or so short that one standard loco 

can traverse it with the max train. It affects operation cost by 

adding to the resistance which the loco, drawing the max train, 
must overcome. It thus increases the work required in moving 
the max train over the line. „ „ . . _ __ 

A comparison cf the definitions of Dt, Ai, Ac and Lc, JlH 39 and 

43, will show that the additional work, entaild by a curv, is equated 
with that of hauling the max train over an additional stretch of 
straight track, whose length Is such that the work of this hauling, 
over it, is equal to that due to the curvature 

For analysis of minor curv problems, see H 39. 

37. Classification of non-limiting grades. Fig 2, p 1091. Ac¬ 
cording to the behavior of descending trains, non-limiting grades are 
classified as in the tabulation on p 1088, illustrated by Fig 2, p1091. 
Compare J. B. Berry, Am Ry Eng & M W Assn, Bulletin 49, March 
1904, p 21; and A. M. Wellington, R. R. Location, pp 330 and 374, 
and Table 122, pp 372-3. 
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Grade Class. See Fig 2, p 1091. 


A 

B 

C 

Drop 

> 30 ft 

> 30 ft; but 

> drop indicated 
by solid eurv 

> drop 
indicated 
by solid 
ourv 

Remarks 

effect negligible 

Will not overtax 
up-bound locos 

Up-bouud locos 
must use sand 


Ordinarily an initial speed of 10 ui/h will not 

reach 30 m/h if 


A 

I u 

1 c _ 

Steam is 

on \ 

1 offi 

' off 

Brakes are i 

releast 1 

releast 

1 applied 


38. On a 0.6% grade, the longitudinal gravity effect about equals 
the train resistance at 32 mi/hr. Hence, without sieatn and with¬ 
out brakes, that speed will not ordinarily be exceeded, on such a 
grade or on lighter grades, however long the grade, or however great 
the drop. 

30. Effect of non-llmlting grades and currs upon opera¬ 
tion cost. 


Let 


o • = that grade, in ft per 100 ft* 

J)e — that curv sharpness, in 
degrees of sweep per 100- 
ft chain U§ 

which produces an additional resistance, due to 

grade alone I 

curvature alone 

equal to the normal resistance, /» 

(see p 1057) on a level tangent. 

Then, for the work done or a given train, in balancing this addi¬ 
tional resistance alone, we have 

on a mile (5280 ft) of se grade, 
work = a train-lift of 52.8 8c ft, 
on any grade;* 

on a mile (5280 ft) of Z><° curv, 
work = that of balancing curv 
resist alone, thru 

52.8 J)t° of sweep, § 
of any sharpness. 

and this is equal also to the work of balancing the normal resis¬ 
tance, fn, thru a mile of level tangent. But the coxt of the work, 
required for 

a train-lift of 52.S 8o feet 1 

1 balancing curv resistance alone 
| thru 52.8 Dc° of sweep 

is much lens than the normal C 08 t, m (say .$1.50: see 1 i), of a 
train-mile on a level tangent; because (continued on p 1089) 

*8e is commonly taken at 0.5% , 
= 26.4 ft per mile; or 

52.8 8e = 26.4 ft lift, 
tlnsted of 60% and 65%, Mr. 
Berry (Am Ry Eng & M W 
Assn, Bulletin 49, March 1904, 
p22) takes 25% and 45% re- 
gpectlvly. The diff shows how 
largely such estimates depend 
upon individual judgment. 

11 De is commonly taken at 10° ; 
or 52.8 De° = 528° of sweep. 
§Lct ft. = curv resistce on a 1° 
curv. 

Then De = ft/ft. 
fn is usually assumed to range 
from 5 to 10 lbs, and ft from 
0.5 to 1.5 lb, per ton of 2000 
lbs. 
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(1) the expenditure of energy, 
in the work of train-li/t. Is of¬ 
ten compensated (at least in 
part) by a gain of energy on 
the corresponding fall ; and 


(2) the normal train-mile cost, 
directly affected by train-lift or 

m, includes items which are not 
by curvature. Thus:— 


Except for the Item of fuel, 
the effect of train-lift upon 
operation coat is practically 
negligible. Of the total loco 
fuel cost ( = say 10% of the 
total normal t-m cost, m; see 
Table 1), a large proportion, 
averaging say 45%, is due to 
loss in firing, In standing, stop¬ 
ping and starting, and in over¬ 
coming curv and grade resistce, 
leaving only 55% as the cost 
of hauling on a level tan, which 
work, in a mile, Is equal to 
that reqd for 52.8 ft of train- 
lift. To this 55% Prof. Webb 
adds, for Classes B and C (see 
H 37) 5% for fuel on down 
grades; and, for Class C, an¬ 
other 5% for loss thru braking; 
making the average totul, b = 
00% for Class B, and b = 05% 
for Class C.* Class A grades 
are neglected as not materially 
affeeling operation cost. 

We have, therefore, for all 
items, (making crude assump¬ 
tions for expenses other than 
loco fuel) ; (see Table 2) 



Class B 




a 

b 

a' 

Fuel . 

.... 11 

60 

6.6 

General . . 

8 


1.0 

For grades 

... A' 

= 

7.6 


items of roadway and track 
maintenance, loco and car re¬ 
pairs, and loco fuel. 

We assume, (see Table 2) 

a , b, a', 

Roadway & 

track maint.. 16 75 12 


Repairs 

loco 

cars 


7 100 7 

8 100 8 


Loco fuel - 11 50 5.5 


General 


C5 2 


Curvature, A ' = 34.5 

Hence, for curvature, 
m' — A'm 

= 0.345 X $1.50 = $0.5175 
For roadway and track supt, 
Mr. .1. B, Berry, Am Ry Eng & 
M W Assn Bulletin 49, March 
1904, p 20, givs (instead of our 


= 16%) a = 

obtaind as follows: 


14.76%, 



a, 

2.28 

b. 

a'. 

Rails . 

3(H) 

6.84 

Ties . 

3.01 

50 

1 50 

Ballast . 

0.28 

50 

0.14 

Spikes &c.. . 

0.86 

1(H) 

0,86 

General .... 

8.33 

50 

4.16 

Supt . 

14.76 

91 

13.50 


m' rr A’m 

= 0.076 X $1.50 
= $0.114 _ 


Class C 


a 

b 

a 1 

Fuel . 

.... 11 

65 

7.1 

General .. 

. . . . 8 

v.. 

2.0 

For grades 

.... A’ 

- 

9.1 


m' = A'm 

= 0.091 X $150 
= $0,136 


‘See t foot-note, p 1088. 
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Table 2. Deter- 


Factors 


Add’l 

train 

L 

For Cla 

i _ 

ength-difference 
jses, A, B, C, see fl 28. 

i __ B _ J _ 0 _ 

Items 

a 


a' 

b 

o' 

t 

o' 

6 

1 o' 

M Way & Str 
Sup tee 

1 

10 

0.1 

00 

0.0 

00 

0.0 

00 

1 0.0 

Rdwy, Trk 

16 

50 

8.0 

80 

128 

90 

14.4 

100 

16.0 

Structures 

4 

00 

0.0 

5 

0.2 

10 

0.4 

70 

28 

Mi seel 

1 

00 

0.0 

100 

1.0 

100 

1.0 

100 

1.0 

M Equlpmt 
Suptce 

22 

1 

00 

0.0 

00 

0.0 

. 00 

0.0 

00 

0.0 

Rep, ren 
Locos 

7 

70 

4.0 

40 

2.8 

40 

2.8 

50 

3.5 

Cars &c 

8 

70 

5.6 

40 

3.2 

40 

3.2 

60 

1 4.8 

Miscel 

1 

00 

0.0 

30 

0.3 

40 

04 

50 

! 0.5 

Depreen 

3 

00 

0.0 

00 

0.0 

00 

0.0 

00 

! 0.0 

Traffic 

20 

2 

00 

0.0 

00 

0.0 

00 

0.0 

00 

0.0 

Transptn 
Suptce Sec 

9 

20 

1.8 

00 

0.0 

00 

00 

00 

0.0 

Yds, Stas 
Loco fuel 

7 

20 

1.4 

00 

0.0 

00 

0.0 

HO 

56 

11 

80 

8.8 

50 

5.5 

50 

5 5 

60 

6 6 

Loco exps 

9 

80 

7.2 

10 

0.9 

70 

6 3 

HO 

7.2 

Opera tn 

8 

50 

4.0 

20 

1 6 

50 

4 0 

60 

48 

Miscel 

4 

50 

2.0 

60 

2.4 

00 

2.4 

60 

2.4 

General 

48 

8 

00 

0.0 

00 

0.0 

00 

0.0 

00 

! 0.0 

Total 

100 

A' = 

43.8* 

A’= 

30.7f 

A' = 

40.4| 

A' = 

55.2t 

With to = $1.50 
we have rn' — A'm 

= $0,057 

$0 460 

$0,606 

$0,828 | 


40. Table 2, at the heads of pp 1090-1. Assumed values for a 
(% of m), and b (% of a), and deduced values of o' ( = bo), A' 
(sum of o') and to' ( = A'm). 

41. Table 2 illustrates the application of the method of HI8, for 
finding the modilied t-m cost, to', due to each of the several factors 
affecting operation cost, viz.— 

1. Limiting grades and curvs (additional train) ; 

2. Length-differences; 

3. Pusher Grades; 

. (Non-limiting grades (rise-and-fall) 

4 - ) Non-limiting curvs. 

42. Caution. The values of b (% of a), here given, represent 
merely prob avs, and are used to Illustrate the method or fl 18, 
rather tnan to represent reliable percentages. The actual values of 
b vary widely with dill conditions, with the classifn of the cost 
Items, and with the judgment of the estimator. See foot-note t, 
p 1088. They must, in general, be determined or estimated for 
each case. 


♦For additional trains (first column), .T. B. Berry, Am Ry Eng & 
M W Assn, Bull 49, March ’04, p 12, finds A' = 43 29% of to. 
E. H. McHenry, N. Pac. Ry Rules, pp 12, 16, assumes A' = 60% 
of to. 

tTJslng other. claRsifn’R of length dlffs, J. B. Berry. U. P. Ry, 
A. R. E. M. W. A. Bull 49, Mar ’04, and E. H. McHenry. N. P. Ry, 
’03, adopt values of A' as follows:— 

Class A Class B Class C 

Berry, U. Pac . A' - 32% 46% 59% 

•— — — A > — OO Of, KOor, 1 HA Of. 


XT D.. 
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urination of nt’. 
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43. Deduction of annual and capitalized coata. Haring 
thus, In accordance with HU 18 to 42, estimated the modified train- 
mile cost, m', as determind by a given factor in a given case; 
we proceed, as follows, to deduce, from in', the annual operation 
cost, Co,, of a given difference (in limiting or in non-limiting con¬ 
ditions) hotw two lines, and the capitalized value, Vc, of said 
annual cost. 


In the following schedule, an 
ncyutiv. 

"increase” and its effects may be 

Let 

8e = that grade, In ft per 
100 ft, 

I)e — that sharpness, in degs of 
sweep per 100-ft chain, 

which produces an additional resistance equal to the normal resist 
ance, fn, on a level tangent; 

hd = diff, as to lift, 
betw two lines; 
h, = , r >2.8 

= 1 ’'equivalent grade-mile" 
= that lift for which the 
work reqd is 

A* = diff, as to sweep, 
betw two lines, 

Ar = 52.8 I)r° 

~ 1 "equivalent curv-milo'' 

=.. that sweep for which 
the curv work reqd is 

equiyaleut to that of hauling the train thru a mile of level tangent 
Then: 

hd 

Li — — = the diff, as lo rlxe- 
he and-fall, betw the 

two lines, expre«t 
in terms of the 
"equivalent grade- 
mile", hr. 

A<* 

Lr -= the diff, as to 

A« sweep, betw the 

two lines, ex 
prest in terms of 
the "equivalent 
curv-mile”, A'- 


r 0 = annual cost of a given difference between two lines; 

Ve = capitalized value of Co? 

d = the number (usually 3G5 or 313) of train-days in a year; 


a) 

(2) 

(3) 

(4) 

(3) 

Let t ' = 

1 = 

No. of add’l 
trips. If 11. 

number of'daily round trips. 

Then d V = 

d t = 

number of train-miles made over any one mile in one year by 

t' trains, 

/ trains, 

each making one round trip daily. 

Let L = 

Li = 

Lp — 

£. = 


line length. 

difference between two lines as to 

length 

pusher- 

grade 

length. 

number of equivalent | 

grade miles. 

curv miles. 


(Table continued on nacre 1093.) 
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<« 

(2) 

(3) 

0) 

(5) 

Then, for a given traffic, an Increase In | 

limiting 
grades 
& curvs 

line length 

pusher- 

grade 

length. 

non-limiting J 

grades 

curvature ( 

j increases operation cost by j 

adding t' 
io the No. 
of daily 
rnd trips 
on L; 

making each 
of t trains 
runLd mis 
frthr, each 
single trip ; 

requiring 
pusher 
outfit for 
each single 
trip on Lp :* 

increasing resistance on | 

grades ; 

curvs ; 

thus adding, to the normal work, work equivalent to that required 
for hauling, dally, 

/' limns 

t trains 


over a distance equal to 

| L. j Li. 

_ 


in' = A'm = train-mile cost of this added -work. 

Number of additional equivalent train-miles per annum, 

due to diff betw the two lines, — 

it- l. 

<r t Ld. 

| d t Lp* 

| d t L ,.f 

1 ath - J 


Ca = additional annual coat, — 

d V L m’. 1 d t Ld m'. 

| di L P m'.* | d t L$ m'.f | d t Lc m\ 

Vc = Ca -r Interest rate. 


It will be noticed that, in all five cases, the additional work is 
oil her that of train haulage, or is equated to (and stated in terms 
of) train haulage. In column 1 (difference in limiting conditions) 
said haulage is that of additional trips over tlie same length L, of 
track in both cases; whereas, in each of the other four columns, 
the number of trips is unaffected by the diff betw the two lines 
compared, and the equivalent haulage is that of said trips {the 
same for both lines) over an additional length, Ld, L v , Li or be, 
of track. See ffl 32, 35 a nd 3d* ____ 

•This assumes that a pnsher-outflt-miie is equivalent to a train- 
mile and that pusher-outfit operation cost is the same In both 
directions. For any deviation from these assumptions allowance 1. 
to be made in determining the value of h, il 18, (3). See also fl 32. 

♦This assumes equality of total lift, on non-limiting grades, in 
both directions; and neglects advantage due to down grades. 
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CONSTRUCTION COST ESTIMATES 

INTRODUCTORY 
Variations and Limits 

1. Elements affecting cost. Railroad construction cottf varies 
between wide limits. It depends largely upon the topography and 
the geology of the country traverst; upon its value and the result¬ 
ing right-of-way cost; upon the amount and the cost of land 
required for yards and terminals ; upon the unit costs of the several 
items of construction; upon the cost of labor; upon the construc¬ 
tion methods employd; upon the requirements as trf grade and 
alinement; upon the amount and the character of the traffic to be 
carried; upon the absence or presence and the nature of compe¬ 
tition ; and upon the funds available. 

2. Initial and ultimate costs. The construction cost of a given 
railroad, aB shown by the Company’s accounts, Increases with its 
age; for the original cost (often kept at a minimum by the economic 
desirability of putting the road in earning condition as soon as 
possible) may be much less than its total subsequent construction 
cost (“Original Cost to Date”) after desirable improvements have 
been made. See If 4 and 11. 

3. On the other hand; constructions, included in the original 
cost, are often abandoned or superseded; but their cost nevertheless 
enters into the total construction cost. 

4. Accounting. For a given actual construction cost, the avail¬ 
able cost data are affected by differences in account-keeping method. 
For Instance; items, properly chargeable to construction, are often 
charged to way maintenance; as where a temporary timber trestle 
(part of the original construction) is afterward gradually filled in 
and the necessary train-service is charged to maintenance. 

5. In deducting the construction cost of a proposed line from that 
of an existing line, allowance must of course be made for differences 
in condition betw the two; and, even with given unit costs, differ¬ 
ent portions of a given line may have very different costs per mile; 
and, therefore, 

total cost 

the apparent construction cost per mile = - 

length 

of one part of a given line, may be much higher, and that of an¬ 
other part much lower, than that of the entire line. 

6. Example. Thus; a trunk line, running eastward from the 
Pacific thru several states, and burdend with heavy real estate costs 
at Its terminals, and with heavy construction cost proper on that 
portion of its line crossing the mountains, may pass also thru 
regions of more favorable topography and requiring but little out¬ 
lay for real estate. In using, for comparison, the construction-cost 
data of such a line, the character of the proposed road must be kept 
in mind. If, for instance, the proposed line traverses only favor¬ 
able and Inexpensiv country, and if it requires no expensiv termini; 
it would be misleading to apply, to it, without modification, con¬ 
struction-cost data covering the entire trunk line, including Its 
more expensiv portions. 

7. Tendency to increase. When using early data as a basis for 
the estimation of present or future costs, bear in mind that the 
tendency of railroad construction cost, as a whole, is to increase; 
for the reduction of unit cost, in some particulars, due to improved 
manufacturing and operating methods and apparatus, is usually 
more than offset by increase in wts of rolling stock, by increasingly 
exacting demands on the part of the traveling and shipping public, 
by increase of traffic, which justifies costly construction for the 
sake of the reduction of operating expenses, and by increasing in¬ 
sistence, on the part of the community, upon the avoidance of 
nuisance and of accident. 
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8. Thus, where grade crossings are still retaind, they are re¬ 
quired to be provided with elaborate interlocking and signaling 
apparatus; but, more often, elimination of grade-crossings is de¬ 
manded ; and the abolition of a grade-crossing may cost $100,000 
or more. 

9. The range of variation, in total cost, increases also, and for 
like reasons. 

10. Thus, upon a line of moderate length, joining populous 
centers, the cost of terminals, of modern type, may equal the re¬ 
maining construction cost; whereas, upon a long line, connecting 
many small towns or depending chiefly upon mineral or Industrial 
traffic, the cost of terminals may be relativly insignificant. 

11. The Interstate Commerce Commission, by Act of Con¬ 
gress, approved 1913, March 1, is instructed to ascertain, respecting 
each railroad property :— 

(1) Its original cost, to date; 

(2) Its cost of reproduction, new; 

(3) Its cost of reproduction, new, less depreciation. 

12. Differences in estimates. As might be expected, there 1b 
usually a material difference betw (a) estimates prepared by a 
railroad company for the purpose of showing a hifjh value (as in 
oases of proposed sale, or where it is desired to justify existing or 
proposed freight and passenger rates), and (b) estimates prepared 
by the same company for the purpose of showing a low value, as 
for purposes of assessment. See fi 139. 

13. “General Expenditures.” In addition to Construction Cost 
proper, there are the cost items of financiering, negotiation, legal 
service, insurance, taxes, depreciation, etc, (see III. General Ex¬ 
penditures. jl 18) which affect an appraisal of the property In its 
existing condition ; as for purposes of taxation. Such an appraisal 
may properly consider the earning capacity of the plant, which, of 
course, may be greatly affected by considerations quite Independent 
of construction cost. For instance, the business conditions of the 
country traverst may conceivably give high commercial value to a 
very cheaply constructed road; or, on the other hand, they may 
become such as to deprive an expensivly constructed road of all 
value. 

14. All that can he usefully attempted here is to give such data 
(deduced from publisht records) as may facilitate the making of 
preliminary cost estimates for a projected line, bearing in mind the 
preceding cautionary suggestions. 

15. Unit costs. In estimating railroad construction costs, we 
are concernd with 

(1) unit costs (as per cu vd of grading, per acre of clearing, 
per lineal ft of tunnel, etc) and 

(2) per-mile costs, or costs per mile of line or of single track. 

16. Line-mile vs Trnck-mile. In figuring per-mile cost, dis¬ 
tinction muBt be made between 

(1) Hnc-mile (or road-mile) cost (cost per line- mile) 
total cost 


number of miles of main line and branch lines 
(lrrespectiv of the number of tracks and of sidings), and 

(2) traefc-mile cost (cost per traefc-mile, i. e., per mile of track) 
total cost 

number of miles of track 

17. Thus, a double-track road, L miles long, without side-tracks, 
has L line- miles, and 2 L fracfc-mlles. 
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In any given case, line-mile cost 5 track -mile cost. 

For a given single -track line, without branches or Bidings, we 
have:— 

line-mile cost = track -mile cost. 

For a given double-track line, without branches or sidings, we 
have:— 

line -mile cost = 2 X traefc-mile cost; 
but the line-mile cost of a double-track road is (other things equal) 
less than double the Imc-mile cost ( = troefc-mile cost) of a single- 
track road. 


I. C. C. Classification 

18. Classification of Investment in Road and Equipment of Steam 
Roads, Prescribed by the Interstate Commerce Commission in ac¬ 
cordance with Section 20 of the Act to Regulate Commerce. Issue 
of 1914. Effectiv on July 1, 1914. (Here condenst.) 

General Account*. 

I. Road. “Cost of land, flxt improvements, and roadway ma¬ 
chines and tools ownd by the carrier and devoted to transportation 
service.” 

II. Equipment “Cost of the several classes of equipment ownd 
by the carrier, or held under equipment trust agreements for 
purchase.” 

III. General Expenditures. “Expenditures made in connection 
with the acquisition and construction of original road and equip¬ 
ment, and with extensions, additions and betterments to road and 
equipment property, when such expenditures cannot properly be 
included in any of the foregoing accounts as l part of the cost 
of any specific work.” 

Primary Accounts. 

I. Itoad. 

1. Engineering. 

Including “the pay and expenses of engineers, assists, and 
clerks engaged in the survey and construction of new lines and 
extensions, or in making additions to and betterments of the car¬ 
rier’s road, including wharvs and docks ” 

2. Land for Transportation Purposes. 

Including “the cost of land of necessary width acquired for 
roadway; the cost of land for station, office, shop and other 
grounds ; for ingress to or egress from such grounds; for borrow 
pits, waste banks, snow fences, sand fences, and other railway 
appurtenances; and for storage of material adjoining the right of 
way ; the cost of land for wharvs and docks and the cost of riparian 
or water rights necessary therefor; the cost of removing from the 
right of way and locating elsewhere the property of others, and the 
cost of the necessary land for relocation of the property, when such 
costs are assumed by the accounting carrier.” 

3. Grading. 

Including “the cost of clearing and grading the roadway, 
and of constructing protection of a permanent character for the 
roadway, tracks, embankments, and cuts.” 

4. Underground Tower Tubes. 

5. Tunnels and Subways 

Including “the cost of tunnels and subways for the passage 
of trains, including apparatus for ventilating and lighting, and 
safety devices therein, other than signals.” 

6 . Bridges, Trestles and Culverts. 

Including “the cost of the substructure and superstructure 
of bridges, trestles, and culverts which carry the tracks of the 
carrier over watercourses, ravines, public and private highways, 
and other railways.” 
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7. Elevated Structures. 

Including “the cost of elevated structures and foundations 
of elevated railway systems—structures other than earthwork, 
which are for the purpose of elevating tracks above the grade of 
streets, and which are not properly classable as bridges or trestles." 

8 . Ties. 

5). Rails. 

10. Other Track Material. 

Including anticreepers, bumping posts, railway crossings, 
derails, guard rails, rail braces, rail joints, tie-plates, spikes, turn¬ 
outs, etc. 

11. Ballast. 

12. Track Laying and Surfacing. 

13. Right-of-way Fences. 

14. Snow and Sand Fences and Snowsheds. 

15. Crossings and Signs 

Kxclusiv of "railways crossing at grade”, for which see 
Account 10. 

1G. Station and Other Buildings. 

17. Roadway Buildings. 

18. Water Stations. 

10. Fuel Stations 

20. Shops and Enginhouses. 

21. Grain Elevators. 

22. Storage Warehouses. 

Including "warehouses in which merchandise is stored and 
which the railway companies or others operate commercially as 
storage warehouses.” 

23. Wharvs and Docks. 

24. Coal and Ore Wharvs. 

25. Gas Producing Plants. 

26. Telegraph and Telephone Lines. 

27. Signals and Intcrlockers. 

28. Power Dams, Canals, and Pipe Lines. 

29. Power Plant Buildings. 

Including “the cost of the buildings of power plants 
erected to furnish power . . .” See Account 45, p 1098. 

30. Power Substation Buildings. 

Including “the cost of the buildings of power substations 
erected to transform power . . See Account 4G, p 1098. 

31. Power Transmission Systems. 

Including “the cost of high-tension transmission systems, 
• . . used for transferring power from producing plants to a place 
where it is transformd . . 

32. Power Distribution Systems. 

Including “the cost of distribution systems, ... for con¬ 
veying low-tension electric power from producing plants or trans¬ 
former stations and for conveying steam and comprestair from 
producing plants to the place where used . . 

33. Power Line Poles and Fixtures. 

34. Underground Conduits 

35. Miscellaneous Structures. 

36. Paving. 
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37. Roadway Machines. 

Including boilers, cars (hand-, lever-, motor inspection-, 
push-, etc), concrete mixers, ditching and dredging machines, port¬ 
able engins, grading and hydraulic outfits, hydraulic jacks, pile 
drivers, unloading plows, rail unloaders, rock crushers, steam 
rollers, etc. 

38. Roadway Small Tools 

39. Assessments for Public Improvements. 

40. Revenues and Operating Expenses During Construction. 

41. Cost of Road Purehast 

42. Reconstruction of Road Purehast. 

43. Other Expenditures—Road. 

44. Shop Machinery. 

45. Tower Plant Machinery. 

46. Power Substation Apparatus. 

47. Unapplied Construction Material and Supplies. 

(Nos 48, 49 and 50 left blank.) 

II. Equipment. 

51. Steam Loeomotivs. 

52. Other Loeomotivs. 

53. Freight-train Cars. 

54. Passenger-train Cars. 

55. Motor Equipment of Cars. 

56. Floating Equipment. 

57. Work Equipment. 

58. Miscellaneous Equipment. 

(Nos 59 to 70, inclusiv, left blank.) 

III. General Expenditures. 

71. Organization Expenses. 

72. General Officers and Clerks. 

73. Law. 

74. Stationery and Printing. 

75. Taxes. 

76. Interest during Construction. 

77. Other Expenditures—General. 

References, etc. 

19. Acknowledgment to Gillette’s "Cost Data.” For most of 
the information, given in the following paragraphs, on the engineer¬ 
ing features of railroad construction cost, we are indebted to Mr. 
Halbert P. Gillette’s monumental “Handbook of Cost Data”, (1910 
1914, McGraw-Hill Book Co.), which we have very freely used 
at the author’s invitation. In using the material selected, how 
ever, we have digested and arranged it to suit the purposes ol 
“TRATITWINE”, and have frequently substituted deductions fron 
Mr. Gillette’s figures, in the place of the figures themselves. Owinj 
to differences In methods of classification of construction cost items 
we have frequently been obliged to rely upon assumption for the 
proportions of a given reported item chargeable to this or to tbai 
“account” of the Interstate Commerce Commission, Classiflcatloi 
of 1914 (fll8). 

20. Caution. We repeat that all of our data, on railroad con 
struction cost, are intended, not as business quotations, but merelj 
as indicating the range within which the cost of a given item, oi 
the cost per mile, may reasonably be expected to fluctuate. 
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SI. List of References. The following are the principal state¬ 
ments respecting steam railroads, in Mr. Gillette’s “Cost Data”, to 
which reference is made in the text below. There, as here, the 
reference is indicated by the folio number, prefixt by the letter “G”. 
Thus, “G 1418” means “See Gillette’s ‘Cost Data’, page 1418". 

Miles of 


G 1289. Winchester & Beattyville R R, Kentucky. 
Built, 1893, in rugged country, to open up a mining 
district. Mux grade, 1%; max curv sharpness, 0°, 
except for two 12° curvs. Labor, $1.25 per day. 
John H. Pearson, Eng. News, 1893, Sep 14, p 209. 

G 1290. A logging railroad in northwestern 
Penna, built 1890. Ruling grade, 3.3%. Max curv 
sharpness, 18°. Country very rough and heavily 
wooded. Wages, $1.25 ? per 10-hour day. Costs 
given refer to the heaviest part of the line. 

C. 1291. Texas. First-class branch line of St. 
Louis Southwestern Ry. Ridge line, nearly all tan¬ 
gent. Built, 1903. 

G 1303. Great Northern in Washn. Original cost. 
Built by contract, at reasonable prices, in 1891-4. 
Crosses rugged mountain range. Cascade tunnel cost 
over $2,500,000. 

G 1306. Fairhaven Southn branch. Easy country. 
G 1307. Spokane Falls & Northn branch, about 
1890. 

G 1308. Washn & Great Northn branch. 1906. 
Mountainous country. 

G 1310. Great Northn in WaBhn. Original cost 
plus improvements to 1906. 

G 1319. Great Northn in Washn. Reproduction 
estimate, 1906. 

G 1321. Northn Pac in Washn. Original cost 
plus improvements to 1906. Built about 1880. 
Difficult and costly explorations. Built largely by 
company forces. 

G 1329. Northn Pac In Washn. Reproduction 
estimate, 1906 

G 1331 Oregon R R 4 Navigation Co., In Washn. 
Built 1875-1899. Original cost. 

G 1332. Oregon R R 4 Nav Co. Reprod’n est. 

Stt of Wls. Val’n by W. D. Pence, ’07 
Stt of Wls. Valuation by W. D. Taylor, 


G 1334. 
G 1336. 
1903-4. 

O 1336. 
1900, 


G ’l347. 


Stt of Mich. Valuation by M. E. Cooley, 

Stt of Minn. Reprod’n est, 1808 
G 1353. C, M 4 St. P in S. Dak. Prac’y no rock 
eicav. D. J. Whlttemore,* '98. 

G 1354. Texas. Prices used in est’g cost of RRi 
G 1362. N. Pac. syst. Vai n by Chf Engr,* ’07-8. 

G 1374. Gt N. syst. Val'n by Cbf Engr,* ’07-8. 

•Appraisal by Chief Engineer of road, in a rate case. Presumably 
not underestimated. See 112, 


line 

track 

8 

9 

7 


12.13 

13.7 

488 

32.3 

527 

130.5 

151.3 

83.9 

91.8 

768.0 

954.8 

768.0 

954.8 

1645 

2205 

1645 

2205 

501 

501 

7090 

569 

569 

10179 

6657 

9271 

7813 

7596 

10882 

10438 

1101 1187 

; in state. 

58Y5 7695 

6635 8116 
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COST DATA 

GENERAL ACCOUNT I. ROAD. 

Primary Account 1. 
Engineering. 


Surreys. 

22. Under “surveys” we here include reconnaissance, preliminary 
survey and location, and such other professional engineering work 
as may be required prior to the beginning of construction. 

23. Importance. The adoption of an inferior line paeans inereaqt 
construction cost, or incroast operation cost for every train during 
the lifetime of the road, or both. The whole cost of surveys will 
usually be much < 1% of the total cost of the line; and it is poor 
economy (especially on important lines) to stint the expenditure 
upon surveys, in the matter of either salaries, subsistence or appli¬ 
ances and conveniences. 

24. Reconnaissance consists of an exploration of areas, rather 
than of lines. The party includes usually a chief engineer, a tran- 
sitrnan, a topographer, a draftsman, a rodman, one or more axmen, 
and a cook where required; and the monthly payroll may ordinarily 
range from $750 to $1,500, depending upon the importance of the 
line; but the time, devoted to reconnaissance, varies, betw very 
wide limits, with the importance of the line and the character of 
the country, especially us to the number of apparently favorable 
lines requiring investigation. The cost of reconnaissance therefore 
varies widely; hut it will probably seldom exceed say $25 to $50 
per mile of constructed line, or 0.10% to 0.25% of the construction 
cost. 

25. Preliminary survey anil location. The party will usually 
include 

Salaries, $/month 


Locating engineer. 125 to 175 

Assistant engineer . 100 to 125 

Transltmnn . 85 to 100 

Lcveler ... SO to 90 

Topographer . 70 to 100 

Draftsman . 70 to 90 

Rodman .*.. 50 to 05 

Chainmen ; 2, at $40 1o $50. SO to 100 

Back flagmen. 30 to 40 

Tapemen ; 1 or 2, at $30 to $15. 30 to 90 

Stakemen . 30 to 35 

Axmen ; 2 to 5, at $25 to $30 . 50 to 150 

Total; 14 to 18 men . . . 

Engineering salaries per party per month. 

when labor costs $1.50/man-day .$800to$llG0 


20. Where the party is to provision itself, add a cook and helper 
at $60 to $80 total per month. Provisions may range from $175 
to $350 per month ; or the party may he “boarded” at about the 
same or a little greater expense. Add other expenses as belolfv :— 
$ per month per party 


Salaries, as above, 

800 

to 

1160 

Subsistence, 

250 

to 

500 

Team, 

75 

to 

150 

Contingencies, 

25 

to 

125 

Total. 

$1150 

to 

$1935 


27. Preliminary and location cont, per mile of survey, for 8 

given monthly outlay for surveys, depends upon the character ol 
the country and upon weather conditions. Rough country ana 
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severe weather, by reducing the mileage coverd by a given outlay, 
increase the cost per mile surveyd. 

28. In moderately rough country, prelim survey may be expected 
to cost from $20 to $4o per mile of prelim survey: and location 
from two to three times these figures per mile of location. In 
prairie country, half as much, or less; and, in very rugged country, 
twice as much, or more. 

29. The survey cost, per mile of constructed line, may be as 

much as three or four time.s the survey costs, above indicated, per 
mile of line surveyd. 

30. For a given cost per mile of survey, the line -mile cost of sur¬ 
vey depends upon the character of the country and upon the limi¬ 
tations imposed as to max grade and max curv-sharpness. 

31. A ridge, prairie, or river-bank line, offering but little if any 
choice betw alternate lines, will require fewer miles of prelim sur¬ 
vey, per mile of finisht construction, than will a cross-country line, 
m rough country, which may require the investigation of several 
promising lines before the best can be selected for location. In 
rough country, restriction of grades and of curv-sharpness of course 
increases survey cost per mile of finisht construction. 

Engineering. 

32. Probable range of engineering cost; deduced from a com¬ 
parison of eighteen tabulations in "Cost Data” — 

% of total 
$/line-mile constrn cost 

l’lclimiuary and location surveys, 150 to 400 % to 1 

Engineering during construction (lay¬ 
ing out of work, and superin¬ 
tendence), 400 to 1300 1.5 to 3 

Total “engineering”, 550 to 1700 2 to 4 

Primary Account 2. 

Land for Transportation Purposes. 

Real Estate. 

33. Perhaps in no other item is greater caution required, when 
deducing the cost of a proposed line from the actual or estimated 
costs of other lines, than in that of real estate for right of way, 
for stations and terminals, for water supply, etc. 

34. The price per acre may vary from $10 or less in waste 
lands, to $20,000 or more for terminal sites in cities; and the cost 
of such sites increases rapidly with time as a result of city develop¬ 
ment. Indeed, land is frequently donated to railways, by govts or 
business interests desirous of the services of the road in developing 
the couutry or the trade of the city; and, on the other hand, vin- 
dictiv or avaricious property-owners frequently hold out for exor¬ 
bitant prices, which the companies often pay rather than resort to 
condemnation, which Involves legal proceedings, and which restricts 
the company’s use of the land to lty purposes. Owing to conse¬ 
quential damages and inconvenience to property-holders, it is usually 
accepted as equitable that land, tor lty purposes, should cost the 
company from two to five times the market value of adjacent 
property. See “the right-of-way multiple,” MI 36, 39. 

35. The right-of-way width may vary from 5ft feet or less for 
a cheap single track line in prairie country, to 2ft0 ft or more for 
a low-grade trunk line, with from two to four tracks, deep earth 
cuttings and high earth embankments. The area and the prices ot 
the lands required, for yards, stations, etc., vary widely with the 
nature of the traffic. 

1 acre per mile = 8.25 ft right-of-way width; 
fift ft width = 8 acres per mile; 

100 ft width =* 12.12 acres per mile, 
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36. The ratio, 


cost of land, to Ry Co. 


market value of same land, for ordinary purposes 


Is called "the right-of-way multiple." 


37. Promoting. The matter is further complicated by the fact 
that Ry companies frequently purchase a wider right-of-way than 
their transportn purposes require: expecting to sell the surplus at 
prices enhanced by the construction of the road, or being compeld 
to this course as a concession to recalcitrant property-holders. 

Examplea. 

38. In 1906, the Texas It R Commission, in valuing a Ry line, 
assumed, (G 1354) :— 

Right-of-way $ 50 per acre 

Depot grounds $100 “ “ 

Reservoir grounds $ 25 ** “ 

39 . The Western Pacific Ry connects San Francisco, Cal., with 
Salt Lake City, Utah, passing thru Sacramento, Oakland and other 
important Cal cities. In Cal, it acquired, for its 377 miles of line 
in that State, 6004 acres of land = say 16 acres per line-mile, 
classified as follows by Walter Melvin Wells, Right-of-way Expert 
for the Cal R R Commlssn. Eng-Contr 1913 Aug 20, p 215:— 


Exclusiv ^ 
of San ^ 

f Country lands, 

Suburban property, 

I City water-front property. 

85.2% j 
8.4% i 
2 .0% ) 

Av cost 
to Ry Co, 
$/ acre 
102 

Francisco 

i City residence property, 

3.5% 

4,630 

terminals 

f City business property, 

2.3% ) 


100.0 % 

San Francisco terminals, 177 acres purchast in 

450 

hlghi.v improved city warehouse district 


18,862 

All classes 


985 


The prices paid, for the portions acquired hy condemnation, were 



Rural and suburban 

In cities 

Market value 
when purchast 
Cost to 

Railway Co 

per acre 

$15 to $1,000 

$37 to $3,672 

per sq ft 

$0.20 to $0.00 

$0.24 to $1.50 

per ft trout 

$0.30 to $040 

$0.20 to $1-60 


40. For 981 miles of steam and electric railway line in Cali¬ 
fornia, Investigated by the State R R Commission, Including the 
377 line-miles of the Western Pacific (J 39), Mr. Wells gives_ 


■ 

Character of lands 

Acres, 

est’d 

Land Cost to R R Co. 


Per 

acre 

est'd 

$ 

Per 

line- 

mile 

_ 

226 

310 

445 

desert & waste lands, 

Mt & timber lands, 
farm lands, and lands 
in unincorp’d cities, 

totals and averages, 
rural and unincorp’d, 
within incorp’d cities 
including W. Pac 

San Fran terminals 

totals and averages, 

3.630 

4,980 

7,150 

— 

20 $ 

Bj 

981 

0 

15,760 

928 

871,061 

6,529,360 

890 

00 

981 

16,688 

7,400,421 

mi 
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41. The following table, referring chiefly to conditions in the 
middle and far west, illustrates the wide range in values of real 
estate, both per line-mile and in its ratio to total construction cost. 
Column A (Constrn) Includes real estate cost (Column B). Where, 
for a given road, two values are stated, under B, or under 100 B/A, 
the first refers to right-of-way, and the second to real estate ac¬ 
quired for other purposes. Note the diffs in ratio betw these two. 


O i-89 Winchester & 

Beatty v, (MinoRR), Ky* 

G 1306 Fair Haven & 

Southern Wash 

G 1:108 Washn & Grt 

Northn Wash 

G 1307 Spokane Falls & 

Northern Wash 

Duluth & Mankato, § Minn 

W i’ac, t (II 89) Cal 

G 1303 Gt Northern, 

part. See below Wash 

(1 1331 Oregon RII & 

Nav, Wash 

G 1332 Oregon R R & 

Nav. (reproducn). 

G 1310 Gt Northern, 

See above, plus im¬ 
provements. Wash 

G 1311 Gt Northern, 

(reproducn) Wash 

G 1319 20 lines (II 40) ^ , 

t In. Cal 

1321 Nor Paciflc, orig 

& Imprvmnts, Wash 

G 1329 NP, (reprod) Wash 

(1 1357 NP, entire line,? 

(1 1374 Get Northern, 
entire line (? 13S) |, 

G1330 All lines In Wis 

G 1347 All lines In Minn 

G 1336 AH lines In Mleh 


Averages, 


$/ line-mi 


Line 

Miles 

A 

Constrn 

R 

R1 Eat 

100B 

A 

8 

13,650 

428 

3.14 

32 

22,565 j 

2,230 

84 

9.90 

0.37 

84 

36,519 j 

1,064 

3 

2.92 

0.01 

130 

157 

377 

17,445 

22,000 

1,000 

2,170 

17,500 

5.75 

9.86 

488 

44,412 { 

4,056 

230 

9.13 

0.42 

.500 

23,931 j 

400 

1,884 

1.67 

7.87 

500 

27,122 

4,487 

16.55 

708 

49,848 [ 

3,759 

3,432 

7.54 

6.90 

708 

66,753 j 

3,870 

18,350 

5.80 

27.50 

981 


7,540 


1,645 

38,897 j 

1,092 

827 

2.80 

2.16 

1,645 

54,277 ( 

3,820 

16,150 

7.04 

29.70 

5,875 

00,800 | 

5,425 

12,930 

8.9 

21.3 

6,635 

56,500 

13,160 

23.30 

6,657 

24,814 | 

3,719 

0 

14.9 

0 

7,596 

7,813 

44,726 j 
21,535 ( 

9,637 

3,552 

113 

21.6 

16.45 

0.52 


41,200 

9,360 

22.60 


42. Tendency to advance. The tendency of real estate cost to 
advance, not only absolutely but relatlvly also, is Illustrated by a 
comparison of the averages, deduced in the foregoing table, with 
the following estimate, publlsht by Mr. J. F. Wallace In F,ng Mag, 
1895 Dee, Vol 10. 


•Eng News 1893 Sep 14, p 209. 

tEng-Cohtr! 1913 Aug 20. Includes $607,421, Incidentals, 
j ■< “ “ Excludes 

ttConstruetion costs not given. 

IChief Engineer's estimate. 

5Eng News, 1900 Dec 27, Supplement, p 210. 1905 acres @ 
$100. Estimated costs. 
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Table showing tendency of real estate cost to advance; (fi42, 
p 1103). 



Dollars 

per line mile 


1895 

A 

B 





Right-of-way 

100 B 


Total 

and 





Terminals 

A 

For trunk lines, with 90-lb rails, 

36,150 

Rt-of-way 

2,000 

5.5 


Terminals 

5,000 

13 8 



Total 

’ 7,000 

19.3 

For main lines, connecting towns 

22,850 

Rt-of-way 

1,500 

0.6 

and cities of minor impor- 

Terminals 

1,500 

6.0 

tance; and with alinements 





and grades admitting of eco- 


Total 

3,000 

13.2 

nominal construction. 



— - = 

I.-=-=r--= 

For branch lines, with two pass’r 

13,000 

Rt-of-way 

1,000 

7.4 

and 3 or 4 frt trains dly; 
afinements and grades less 


Terminals 

500 

3.7 

favorable than above, 


Total 

1,500 

11.1 

Averages 

24,200 

Rt-of-way 

1,500 

6.2 


Terminals 

2,333 

9.6 



Total,1895,3,833 

15.8 

From fl 41 

41,200 


9.300 

22.6 


Roadbed Construction. 

43. Roadbed construction (construction preliminary to track- 
laying) may bo taken as Including I.C.C. primary accounts 3 to 7 
inclusiv (see U 18). It is made up principally of Account 3, Grad¬ 
ing (including clearing and grubbing) ; Account 5, Tunnels and 
Subways; and Account ft, Bridges, Trestles and Culverts. 

44. With given unit costs of material and of labor, the line-mile 
and the track-mile cost of each of the items included under “Road¬ 
bed” varies betw very wide limits. Thus, a prairie line may require 
no tunnels, bridges or trestles, and little or no grading;'whereas, 
in difficult country, nearly the entire line may well require clearing, 
grubbing and heavy grading, while tunnels, culverts and bridges 
may be of frequent occurrence; especially where the modern tend¬ 
ency to reduction of operation cost, by improvement in alinement 
and in grade, necessitates more numerous and heavier cuts and fills, 
culverts, bridges, etc. 


Primary Account 3. 

Grading. 

45. Grading includes clearing and grubbing, blasting, breakwaters, 
bulkheading, excavation and embankment, filling in under bridges 
and trestles and over culverts, steam shovel operation, use of spoil 
banks, revetments and retaining walls, riprap, wing dams, and 
temporary trestles for fills. 

Clearing; and grubbing. 

4®. The cost of clearing (removing trees and brush) and that of 
grubbing (removing stumps and roots) are sometimes included (in 
bidding) with that of grading; or one price may be named for 
clearing and grubbing, together; but clearing and grubbing are fre¬ 
quently estimated separately, because often only a portion of the 
cleard area requires grubbing. Thus, the stumps and roots may be 
left in place under embankments, except where these are very 
shallow. 
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47. Units. The cost of both clearing and grubbing is usually 
stated in dollars per acre; sometimes in dollars per "square" of 
10,000 sq ft. The cost of grubbing is sometimes given in dollars 
per sq rod (100 sq rods = 1 acre) and sometimes in dollars per 
"station”, covering the right-of-way along 100 ft of line. 

48. Elements affecting cost. The clearing and grubbing cost, 
per unit of area, depends upon the density, species and size of the 
tim!>ering, upon the amount and character of the underbrush, upon 
the character and accessibility of the ground, and upon the dis¬ 
position to be made of the material removed. This cost may be 
largely or quite offset, or even exceeded, by the value of the timber 
cut. The apparent grubbing cost is affected also by the method to 
lx* employd in the subsequent grading. Thus, a steam shovel (in 
earth), or blastiug (In rock), does much of the work which ordi¬ 
narily would be clast under grubbing. On the other hand, the use 
of scrapers requires careful preliminary grubbing; and that of the 
elevating grader is still more exacting. 

40. The line-mile cost, for clearing and grubbing, depends further 
upon the clearing area per line-mile, and this, in turn, upon the 
right-of-way width, and upon the proportion of this occupied by 
woodland and brush. 


1 

5 

8 2 

5 

10 

10 5 

feet width = 

0 1212 

0 000 

1 


1.212 

2 

acres per mile. 

20 

24.75 

30 

33 

40 

41 25 

feet width = 

2 424 

3 

3.030 

4 

4.848 

5 

acres per mile. 

49 5 

50 

82.5 

100 

105 

200 

feet width = 

0 

0.00 

10 

12.12 

20 

24.24 

acres per mile. 


fit). Usually, from 1 to 0 acres per mile ( = a uniform strip from 
s.25 to 49.fi ft wide) requires clearing 

51. The site of the Ilrockton, Mass., filter beds had 480 trees 
ifrom 6 to 24 ins diam) per acre — one tree to each 91 sq ft; a 
dense growth. (1 1045. 

52. The costs of clearing and of grubbing may ordinarily be 
expected to range as follows:— 



Hearing 

Grubbing 

Clearing and 
grubbing 

Per tree or stump 

$ 1 to 2 

$ 0 05 to 1 

$ 1 to 3 

Per acre 

$25 to 150 

$25 to 150 

$ 30 to 300 

Commonly assumed at . 


.$50 

Per line-mile 

$50 to 000 

$50 to 300 

$100 to 1000 


Earthwork. 

53. "Grading” proper includes (besides clearing and grubbing), 
“earthwork”, or the excavation, transportation, depositing and 
compacting of earth, in its various forms, and of gravel, hardpan 
(cemented gravel), loose rock and solid rock. Where the cuts fur¬ 
nish insulliclont quantities for the fills, the deficiency is made up 
by taking material from "borrow-pits”, and the work is then usually 
classified as “embankment”. 

54. Elements affecting cost. The cubic-yard cost of earthwork 
varies widely with the nature of the material, with its accessibility, 
with Its quantities, with the facilities for handling it,-with the 
skill of the contractor, and with the wage rate, but especially with 
the dist thru which It must he transported. See pp 1024-1035. On 
any considerable work, however, the long and the short hauls are re¬ 
garded as compensating, and It is customary to contract at a flxt 
eu yd price for each of the several kinds of material encountered, 
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with a specified limit of haul-length, beyond which the contractor is 
pnid (usually one cent per cu yd of “overhaul”) for each 100 ft 
of excess digt. 

55. Ordinarily the cubic-yard cost of earthwork (hauling In¬ 
cluded), in cents, may be taken as ranging as follows:— 

Average 

Barth. 15 to 30 22 

Hardpan and cemented gravel, .. 35 to 45 40 

Loose rock, . 40 to 55 50 

Hard rock, . 75 to 110 100 

Grading, all materials, average, 30 to 45 37 

56. Cost per mile. For a given cu yd cost, the mile costs, for 
earthwork, of course vary betw very wide limits, depending upon 
the quantity of grading required per mile, which, in turn, depends 
upon the character of the country and upon the necessity for favor¬ 
able grade and alinement in the flnisht line; a given country 
naturally requiring more earthwork for a line of closely limited 
grades and curvature, than for one where heavier grades, and 
sharper and longer curvs, may be permitted. See table of itemized 
costs, U 145. 

Earthwork Coat, Classified by Materials. 

57. In the following: tnble, under each material, the rys are 
arranged in the descending order of their grading cost for that 
material, as a percentage of the total earthwork cost. These data 
(mostly in round numbers) serv to give an idea as to the range of 
grading quantities and costs to be expected, per line-mile and per 
track-mile. For miles of line and of track, in the cases here used, 
see H 21. For their total line-mile and track-mile costs, see fl 138. 


Earth 






Percent of 


cu yds/milc of 

f/m 

le of 

total earthwork 


Line 

Track 

Line 

PBS 

cu yds 

5 

G 1347 

22230 

16100 

6380 

4620 

96.1 

90 8 

a 1374 

25000 

21000 

7740 

6310 

74.4 

56.8 ■ 

01329 

11260 

8420 

2490 

1858 

64.6 

45.8 

G 1308 

14800 

13550 

2888 

2639 

45.5 

21.9 

G 1303 

6290 

5820 

1372 

1270 

24.7 

12.1 

G 1201 

5082 

5082 


.... 

46.2 


| Embankments from Borrow Pits j 

WtlWBE 

7670 

7100 

1300 

1200 

30.2 

Hf 1 

|H ft I’M 

4905 

3945 

980 

780 

14.6 

Ira 

| Hardpan, etc. j 

G 1362 

6580 

5025 

2770 

2110 

21.9 

99 . a 

G 1303 

5740 

5300 

2200 

2000 

22.6 

22.5 

01374 

5139 

4190 

2310 

1880 

15.3 

17.9 

O 1201 

3872 

3872 



35.2 


j Loose Rock 

G 1362 

2168 


1085 

825 

7.1 

10.0 

G 1329 

800 


400 

300 

4.6 

7.4 

G 1303 

1510 


633 

584 

5.9 

6.5 

G 1347 

565 

mnrm 

292 

212 

2.5 

4.1 

01291 

1210 

EEufl 

... 


11.0 
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cu yds/mile of 

$/mile of 

Percent of 
total earthwork 

Line | Track 

SMIPBil 

mmwm 

Solid 

Rock | 

G 1308 

G 1303 

G 1319 

G 1329 

G 1374 

G 1362 

G 1347 

G 1291 

|| 

6300 

3900 

3400 

787 

1575 

1200 

250 

836 

6417 

4500 

4643 

1160 

2120 

1700 

372 

|| 

21.2 

16.6 

12.6 

6.1 

5.7 

5.1 

1.5 

7.6 

48.7 

48.6 

37.2 

21.5 

16.5 
15.0 

5.2 

Total Earthwork Coat 

Percent of tot 
constr cost 

G 1291 

G 1308 

G 1362 

G 1331 

G 1374 

G1292 

G 1347 

G 1290 

G 1334 

G 1353 

G 1330 

11000 

32500 

30100 

11000 

29600 

23000 

5027 

14558 

11000 

6603 

13000 

4033 

7044 

2233 

5550 

1710 

2778 

| 

55.4 

40.0 

31.2 

25.1 

24.9 

23.3 

19.0 

18.6 

16.1 

11.6 

10.6 

33300 

27200 

23140 

16770 

iisoo 

10500 




Primary Account 5. 

Tunnels and Subways. 

Tunnels 

58. Elements affecting cost. Tunnel cost, per cu yd, depends 
upon the character of the material to be removed, and the facil¬ 
ities for Its removal; upon the necessity for, and the required 
character of, lining; upon the quantities of water encounterd and 
the facilities for its removal; upon the accessibility of the location; 
upon the cost of labor at the site; upon the skill of the contractor, 
etc. It is usually less for contract work than for work done with 
the company’s forces by day's labor. In long tunnels, owing to 
longer hauls, to the necessity for sinking shafts, to the necessity 
and difficulty of ventilation, and to the more expensiv character 
of the plant required, it Is usually (other things equal) greater 
than in short tunnels. It is less for the bench than for the 
headings; and, for the same reason, it should (especially in small 
sections) decrease as the cross-section area increases. 

50. Coat with labor at $1.00 per day. A study of numerous 
records, including those given in “Cost Data'*, indicates that, re¬ 
duced to a uniform labor basis of $1.00/day, the average contract 
price, per cubic unit, for the entire section, of rock tunnels, may 
be expected to range, under ordinary circumstances, as follows: 


Contract price*. 
Labor at 
$1 per day. 

A. Cents per cu ft 
— cts/lin ft/sq ft 
of section area 

$ per cu yd 
= 27 X A/100 

Tunnel, 

cents 

5 

6 to 10; 

av 7.8 

1.60 to 2.70; 

av 2.10 

lined witfi 

8.5 to 12; 


2.30 to 3.25; 

av 2.80 

j cone or masonry, .... 

10 to 15; 

av 12.5 

2.70 to 4.00; 

av 3.35 


75 ■ 
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60. Cost with labor at other rates. For the actual cost, In a 
given case, multiply the costs, in fl 50, by actual labor cost, in 
$ per day. 

61. Earth tunnels, from one-third to one-half of these figures. 

62. Actual cost; to skild contractors, about one-third less than 
contract prices; to company, by day labor, from a half to two- 
thirds more than contract prices. 

63. Cost per linear loot. For a given cu yd cost, the lin-ft 
cost, for the entire cross-sec, varies (other things equal) directly 
with the number of cu yds per lin ft; and this depends upon the 
cross-sec area. Single-track standard-gage Ity tunnels usually meas¬ 
ure from 14 to 20 ft in width, and double-truck tunnMs from 25 to 
80 ft. The height is usually from 22 to 24 ft. A section, which 
would suffice for an unlined tunnel, must of course be enlarged to 
make room for a lining if this is required. 

For given conditions, the cross-sec area, for double-track, may 
be from 1.0 to 1.8 times that for single track. 

64. Range of variation of tunnel line-mile cost (see 145). 


Tunnel cost, in 
$ per line-mile 
of road 


G 1353 Chicago, Mil & St. Paul, in Dakota. 1100 miles, 

G 1354 Trinity & Brazos RR, Texas, 105 miles, 

G1347 Minnesota railways, 7590 miles, 

G 1334 Wisconsin railways, 7090 miles, 

G 1336 Michigan railways, 7813 miles, 

G 1331 Oregon RR & Navigation Co., 500 miles, 

G 1321 N Pac in Wash'n, 1645 miles, 

G 1329 N Pac In Wash’n, 1645 miles Reproduen, ost, 

G 1362 N Pac, entire system, est by Chf Engr, 5875 mi, 

G 1374 Gt Nortlm, entire system, est by Chf Engr, 

6(535 ml, 

G 1319 Gt Northn in Washington, 768 miles, 

Subways. See fi 144. 

Primary Account 6 
Bridges, Trestles and Culverts 

Bridges. 

65. Costs of bridges may be expected to range as follows:— 


Steel bridges 



superstructure 
alone, erected 

including substret 


per lb of 
steelwork 
cents 

per lin ft 
of stretr 
dollars 

per lb of 
steelwork 
cents 

per lin ft 
of stretr 
dollars 

Single-track, moder¬ 
ate span, usual 
constr’n, 

3 to 4 

30 to 50 

6 to 7 

50 to 100 

Special cases, wider 
roadway b, long 
span,. 

t»7 

to 500 

to 15 

to 2000 


Concrete and masonry bridges 



per sq ft 
of roadwy 
dollars 

per lin ft 
of stretr 
dollars 

Single-track bridges of moderate 
span and usual construction, 

3 to 8 

50 to 100 

Special cases, wider roadways, 
long spans, 

to 12 

to 300 


0 

0 

33 

120 

147 

260 

590 

1911 

670 

1070 

5559 















COST OF BRIDGES 


1109 


For cost of steel, see p 986. 

For cost of musonry, see pp 601, 988. 

For cost of concrete, see pp 988, 1375. 

66. Weights of steel. The following straight-line formula, for 
wts of steel in highway and in single-track railway bridge super¬ 
structures, including their floor systems, is condenst from those of 
Messrs. J. B. Johnson and H. G. Tyrrell G 1471. 1474. For double¬ 
track railway bridges, add 90%. See our pp 731 and 738. 

TP = L (m -f n L) ; 

where 


11 = wt of structure in lbs; * L — span In ft; and 

in, n = coctticients, as follows:__ 


Bridges for 

Refs to 
notes l>elow 

in 

M 

Highways 

A 

50 

2 

Steam railways 

Plate Girders 

Deck 


100 to 150 

9 to 12 

Thru 


500 to 600 

10 to 12 

Truss bridges 

B 

200 to 400 

5 to 7 

0 

600 to G50 

7 

Electric Railways 




I beams (spans 5 to 20 ft) 


50 

5 

Deck plate girders 

I) 

30 

5 

Riveted trusses 

I'. 

200 

0 8 


F 

250 

1.5 


A Live load, 100 Ibs/sq ft. Add or deduct 15 lhs/span-ft for each 
2 ft of variation from 10 It roadway width. 

H For two loo-lon locos and 4o00 lbs per lin ft of train. 

C. For spans ol' 30 to 230 ft. Cooper loading E-50 (p 755) ; two 
177.5-1 on locos and 5000 lbs per lin It of train, 
b Live load, 2000 lbs/liti ft. 

E. 44 41 , 1000 “ “ 15-ton cars; spans 40 to 200 ft 

F. 44 44 , 2000 44 “ 30-ton cars; 44 20 to 180 ft. 



67. Fig 1 shows, approx, for each class, the average value of 
W/L = m + nL = wt/span-ft, in railway bridge superstruc¬ 
tures, as given by this equation. 
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68. For trestle bents and piers for steam railway bridges, add 
9 lbs/sq ft of profile area from ground to rail-base; for electric 
railways, 6 lbs. 

Trestles. 

69. Quantities of timber in trestles, including 104 ft B M of 
deck timber per lin ft; and in pile trestles of 4-pile bents, 16 ft 
c to c, G 966. 

F = L(mH + n) = ta A + nL; 

P = L (// -f -0)/4 

wherein: 

F = total ft B M in structure ; 

L = length of trestle, in ft; 

A = profile area of trestle, in sq ft, from ground to 4 ft below 
rail-base; 

H = A/L — average height; 

P — lin ft of piling in pile trestle; 

m and n = coefficients as below._ 


























COST OT TRESTLES AND CULVERTS 1111 
\ 

72. Corrugated metal culverts, in place. G 1324, 1715, gives 
36", $3.(H>/lin ft; 48", 18 ft long (labor $2.00/day) $9.80/llnft 

For cost of masonry, see pages GOl, 988. 

“ concrete, “ “ 988, 1375. 

“ timber, “ “ 984. 

73. Culverts, of tnese materials, vary widely, with the design 
and cross-section, in their costs per lin ft. Each structure should 
be estimated for itself. 

Line-mile cost. 

74. Line-mile cost of bridges, trestles and culverts on four west¬ 
ern lines, as follows.— 

G 1319. Gt Northn in Washn, 768 line-miles. Mountainous. Bat'd 
reprodetn costs; 

G1329. N Pac in Washn, 1645 line-miles. Mountainous. Kst’d re¬ 
prodetn costs; 

<; 1374. Gt Northn system, 6635 line-miles. Chief Engineer’s esti¬ 
mate. 

G 1362. N Pac system, 5875 line-miles. Chief Engineer’s estimate. 



Dollars per 

line-mile. | 

ItlMN 



ESIE3 

Trestles, 





is ft high. 

1670 




l!) ft high, . 


1080 



Total, trestles, . 

1670 

1080 

786 

610 

Howe and combination trusses, 

1 


1 ‘ 

■ ■ 

span < 60 ft. 

40 

5 



GO — KM) ft. 

Hni 

16 



100 - 150 If. 

229 

161 



> 150ft. 

183 




Total, Howe and cornb’n, .. 

492 

182 



I"aw spans, . 


59 



Miscellaneous, . 


87 



Steel bridges, 


' 



Superstructure, . 

1490 

1730 



Substructure . 

473 

327 



Total, steel bridges, . 

1963 

2057 



Howe, combn and steel bridges,.. 

2455 

2385 

1315 

1810 

Bridges and trestles, . 

4125 

3465 

IS 


Culverts, 

_____ 

* * 

Ea 


Log. 

112 

26 



Timber, . 

74 

79 



Box, . 

2 

5 





63 



Stone box,. 

26 

33 



Vitrified. 

36 

415 



Cast Iron, . 

4B 

183 



Total, culverts, . 

303 

804 

608 

526 

Bridges, trestles and culverts, .. 

4488 

TiM 

E-WiM 

2946 


--- 

■— ■■ 


— 


75. On a lumber railway, 7 miles long, in western Pennsylvania, 
Mr. Wm. Barclay Parsons found cost of timber trestles, of heights 

p P 122 2 G i t i 9 ! 25 ° /Une * mlle 01 road * A 8 c E Trans 1891 * Vo1 '26. 







































1112 


railroads 


Geographical Classification. 

70. Bridges , Trestles, Viaducts and Culverts. 
I per 
line-mile 
of road 


line-mile 
of road 


In Washington. 4062 In Michigan . 1027 

In Oregon . 2655 In South Dakota . 591 

In Wisconsin . 2510 Northern Pacific system 2946 

In Minnesota . 2576 Great Northern system 2709 


Primary Accounts 8 to 12, Indus!v. 
Track. 


77. Trackwork may be taken as including I.C.C. Primary Ac¬ 
counts 8 to 12 incliudv, ns follows:— 

8. Ties 

9. Rails 

10. Other track material (including turnouts) 

11. Ballast 

12. Track laying and Surfacing. 

Primary Accounts 11 and 8. Ballunt and Ties. 

78. Ballast and ties may be expected to cost as follows:— 

Ballast, cts/cu yd Delivered In track 

Rock . 50 to 70 75 to 110 

Gravel and sand. 20 to 80 80 to 60 

Ties, cents each . 30 to 60 40 to 80 

79. Second-hand ties may cost from one-third to one-half as 
much as new ties; creosoting, from 25 to 35 cts/tie: other proc¬ 
esses, 10 to 20 cts; switch tics, from $10 to $20 per 1000 ft B.M.; 
$20 to $60 per set. 

80. Renewing ties may be expected to cost, approx, 

In stone ballast, about 20 cents per tie; 

In loose gravel, 6 to 10 cents per tie; 

in cemented gravel, 10 to 20 cents per tie; 

in hard slag, 9 to 15 cents per tie. 

81. Tie Spacing. 


Dist, cen to cen 

Tics per 

30-ft rail 

Ties per 
33-ft rail 

Ties per 
mile 

V 

8" = "Aft 

18 

my. 

3168 

1' 

0“ = 7, ft 

177, 

187- 

3017 

V 

10" =: “/eft 

16‘/u 

18 

2880 

V 

11" = “/aft 

15'7a 

177,3 

2755 

2' 

XT = 2 ft 

15 

107, 

2640 

2' 

1” = “/aft 

147s 

lG"/» 

2534 

•2' 

2" = “/.ft 

13*7x. 

157,3 

2437 

2 ' 

3" = 7, ft 

13V, 

147, 

2347 

2 ' 

2' 

4" = Vs ft 

127, 

147, 

2263 

5" = »/„ft 

12>v» 

13>7» 

2185 

2* 

0" = 7, ft 

12 

137, 

2112 


Primary Account 9. Rnils. 

82. Weights of rails, in pounds. 

per yard; 50 60 70 80 90 100 

per single- 

track mile; 176,000 211,200 246,400 281,600 316,800 352,000 

Weight, in pounds per single-track mile 

= 2 X 1760 X wt in lbs/yd of rail. 

83. Coat. From 1888 to 1914, the price of rails, at mill, ranged 
only betw $24 and $32 per ton of 2240 lbs, except in 1897-8, when 
It fell to $18.00. Freight cost is usually about ct/ton/mile- 
Second-hand rails usually cost a little more than half as much as 
new rails. 
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Primary Account 10. Other Track Material. 
84. Joint* and fastenings. 


Angle plates, 

lbs/track-mile 
15,000 to 20,000 ’ 

cts/lb 

) 

$/track-mile 

Spikes, 

Tie plates. 

6,000 to 7,000 ! 

25,000 to 35,000 

2 to 2% 

900 to 1400 

Bolts and nuts, 

1,500 to 2,000 

2% to 3 

35 to 60 

Hail braces. 

4,500 to 8,750 

3to3y 2 

135 to 300 


1500 to 2500 rail braces per mile at 10 to 12 cts each, 3 to 3.5 
lbs. each. 


Rail Joint*, $2.50 to $5 00 per joint. 

The two angle bars together (see p823b) will weigh from 20 to 
40 lbs per lin-ft. 

Turnouts. 

85. Switches, from $20 to $30 per set. 

8(1. The cost of frogs increases w'ith the frog number (see Turn¬ 
outs and Crossings, Part II, fi4). 

Rigid frog*, Nos 8 to 10, $20 to $35 each ; spring-rail frogs, 
$45 to $55 each; crossing frogs, $225 to $325. Switch-stands, 
$5 to $10 each. 

87. Complete turnout, $150 to $200, including ties, stand, con¬ 
necting-rods, rail braces, lamp and gard-rails. 

88. Sidings, from $0.80 to $1.20 per lin ft. See costs of items, 
TI 95. 

Account 12. Track Laying and Surfacing. 

80. Truck-laying includes unloading the ties and rails, trim¬ 
ming earth to true grade, delivering and placing tics and rails, 
curving and joining rails. 

00. Surfacing includes shoveling the earth in between the ties, 
alining the track, and tamping. 

For costs of laying and surfacing, see estimates of track-mile 
tost, 1! 145. 

Track Cost per Mile. 

01. Practically, each mile of track requires its 5280 lin ft of 
ballast, of ties, and of laying and surfacing, and its 10,560 lin ft 
of rails, with their joints and other fastenings. Only the item of 
turnouts is subject to notable variation, in cost/mile, as betw diff 
lines of the same general character; and this item (see tables 
below) is relativly insignificant; its cost ranging usually betw only 
1 and 3% of the total track cost. 

02. Hence, for given unit costs and given construction, the track- 
mile cost of track (given in our tables, below, fl 95) is practically 
constant; and the line-mile cost is practically = fracfc-mlle cost 
X number of tracks. 

03. Elements affecting cost. With given material unit costs, 
the track-mile cost of ballast depends upon the ballast cross sec¬ 
tion; that of ties upon tie size and spacing (fl 81) ; that of rails 
and fastenings upon wt/yd; and that of turnouts upon their con¬ 
struction and upon the number required per mile. 

04. Increasing cost. Improvements in manufacture (and par¬ 
ticularly large-scale mfr, the consolidation of small plants into 
larger systems under common control, and increast effort for effi¬ 
ciency) have resulted in material reduction in unit rail costs; but, 
as above noted (fl 83), no great and progresslv reduction, has taken 
place since 1887; and the unit costs of the other items (notably 
that of ties, following the growing scarcity of timber) have been 
advancing. Moreover, increase in wts of rolling stock and in car- 
loadings have called for increasing solidity of construction. Hence, 
the tendency of track cost, per track-mile, Is upward. 


40 
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95. Table of approx costa, deduced from eighteen statements 
given in "Cost Data", and covering a totul of over 48,000 track- 
miles. Practically all of tlie mileage, here represented, is In the- 
western United States. See if 96._ 



Dollars per track-mile 

% of total track cost 

Primary 

Account 

Probable 



■BIS 

Average 




11. Ballast, 

1200 

500 

800 

13 

7 

12 

8. Tics, 

2000 

1000 

1470 

22 

14 

21 

0. Rails, 

4500 

3000 

3255 


40. 

48 

10. Joints, etc, 

800 

400 

560 


7 

8 

10. Turnouts, 

150 

80 

135 

mm 

1 

2 

12. Laying and 







surfacing, 

800 

400 

580 

ii 

6 

9 

Track 



6800 



BUSH 


= 1.79 1.02 1.29 per lin ft of single track. 


96. Geographical Tabulation, compiled from “Cost Data". 
Appraisd track -mile costs for five Western Ity systems included In 
the summary of 05, und having a combined mileage = 07 % of 
the total mileage of that summary. For each Item (Ballast, Ties, 
etc) the cost is here given (as In (1 05) (1) in dollars per track- 
mile, and (2) as a percentage of the total track cost of the given 
system. 


I. C. C. Account 

11 

8 

0 


Track- 

Ballast 

Tics 

Rails 

<i State; 

miles 

$ 

% 

* 

% 

* 

% 

1333 Wis 

10200 

566 

10.2 

1005 

10.7 

2960 

53 :i 

1330 Mich 

10882 

342 

0.7 

1025 

20.2 

2630 

51.8 

1347 Minn 

10500 

800 

12.0 

1605 

24.0 

3140 

45.2 

R.R.; 








1362 N. P 

7695 

1355 

15.4 

2070 

23.5 

3720 

42.3 

1374 Gt N. 

8116 

1205 

13.9 

2300 

24.7 

3820 

41.0 

Totals & avs 

Tot track-miles 

47393 

842 

12.1 

1575 

22.7 

3185 

45.8 

& av costs, for 
18 statements, 








fro-m tf 95. > 48000 

800 

12 

1470 

21 

3255 

48 


I.C.C. Account 


Track Joints &c 
f» State; miles $ % 


1333 Wis. 

10200 

515 

1336 Mich. 

10882 

353 

1347 Minn. 

mimom 

565 

R.It.; 



1362 N.P. 

mmm 

538 

1374 Gt N. 

8116 

910 

Totals & avs. 

47393 

562 

ESEEEEMt. 



& av costs, for 

18 statements, 
from l OB. >48000 


9.0 

7.0 

8.2 


6.1 

0.8 

81 


10 


Turnouts 
$ % 


I-ay & Surf 

$ % 


Track 

$ 


116 2.1 
135 2.7 
132 1.9 

260 3.0 

111 1.2 

147 2.1 


328 5.0 
002 11.9 
508 7.3 

860 9.8 
860 9.2 

610 8.8 


• 6921 


500 8 


580 9 


6800 
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Primary Accounts 13-15 incluslv. 

Track Structures. 

Primary Account 13. Right-of-wny Fences. 

97. Barbed wire fence. 

Posts. Wood or concrete, 10 to 30 cts each. Usually 15 to 20. 
Spaced from 10 to 20 ft cens. Setting. 5 to 7 cts each. 

Wire, 2 5 to .3.5 cts/lh. 

Bnrbd wire fence, complete, 2.5 to 5.5 cts/lin ft of fence. 

98. Pont and ruil fence. 

Posts, 6 to 7 ins X 2 to 3 ins, 8 ft long, Bet 3 ft in ground, 
0 to 20 cts each. Set at 8 to 9 ft cens. 

Post and rail fence. 5 to 12 cts/lin ft of fence. Usual contract 
price, in Mass., with one coat white lead, 15 cts/lin ft. 

Worm fences, 7 rails high, about one-fourth less than post-and- 
121)1 

Picket fence, painted, 90 cts to $1.50/lin ft. Sami Tobias 
Wagner, Am Soc C E, Trans, 1013 Dec, Vol 76. 

99. Gas-pipe railing, with cast iron posts, Phila & Reading Ry, 
Phila. Contract price, attacht to walls, 58 to 75 cts/lin ft. 

Primary Account 14. Snow and Sand Fences and SnowMheds. 

100. Snow fences, from 10 to 20 cts/lin ft. 

101. Snow sheds (not to withstand avalanches) *10 to $20/lin 
ft. for avalanches, $40 to $70/lin ft. 

Of concrete, (it Northn Ry in Washn; per lin ft of shed; 8 cu yds 
tone. 1500 lbs steel, $141. Ry Age Gaz, 1911 Jan 13, p 83 

Primary Account 15. Crossings and SignN. 

102. The line-mile cost of crossings, cattle-gnrds and signs, will 
seldom exceed $100, but may reach $200 or $300. 

Primary Accounts 16 to 20, ineluslv. 

Buildings. 

Primary Account 16. Station and Office Buildings. 

Stations. 

103. Frt, passr and combination stations, of frame or brick; 
$1 to $2/sq ft of ground coverd, for small, plain one-story frame 
or brick buildings; $3.50 to $5 or over for larger and more elabo¬ 
rate structures. A second story may add two-fifths to the cost. 

104. Columbia Ave passr sta, Phila & Reading Ry, Phila. Main 

building, ornamental, two stories, 170 X 150 ft; two ooncrete plat¬ 
forms, 800 ft long; umbrella sheds; four baggage elevators; total 
cost, $217,134 =i $8.50/sy ft. Three smaller and semi-suburban, 
two-story passr stations, with tunnels and baggage elevators, in 
Phila., $43,000 to $63,000 each. Sami Tobias Wagner, Am Soc 
0 E Transns, 1913 Dec, Vol 76, p I860. „ _ 

105. Passr stations. Average size, in towns of from 10,000 to 
15,000 population, on 31 rys, about 2000 sq ft. (Comm, Am Ry 
Eng & M W Assn, 1904.) 

106. Plntformfl, per sq-ftcinder, 5 to 7 cts; wood, 8 to 12 
cts; concrete, 10 to 20 cts; brick, 20 to 30 cts. 

107. Track Mcalea, from $1200 to $3000 each, installed, accord¬ 
ing to size and capacity. 

Primary Account 17. Roadway Buildings. 

108. Section houses; $0.70 to $1.30/sq ft of ground occupied. 
Gillette, p 1121, mentions five three-room frame section-houses 
("Jap houses”), of very cheap construction, about $0.50 to $0.60 
per sq ft. Tool, hand-car and material store houses, $0.25 to 
$0.50 per sq ft. 
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95. Table of approx costa, deduced from eighteen statements 
given in "Cost Data", and covering a totul of over 48,000 track- 
miles. Practically all of tlie mileage, here represented, is In the- 
western United States. See if 96._ 



Dollars per track-mile 

% of total track cost 

Primary 

Account 

Probable 



■BIS 

Average 




11. Ballast, 

1200 

500 

800 

13 

7 

12 

8. Tics, 

2000 

1000 

1470 

22 

14 

21 

0. Rails, 

4500 

3000 

3255 


40. 

48 

10. Joints, etc, 

800 

400 

560 


7 

8 

10. Turnouts, 

150 

80 

135 

mm 

1 

2 

12. Laying and 







surfacing, 

800 

400 

580 

ii 

6 

9 

Track 



6800 



BUSH 


= 1.79 1.02 1.29 per lin ft of single track. 


96. Geographical Tabulation, compiled from “Cost Data". 
Appraisd track -mile costs for five Western Ity systems included In 
the summary of 05, und having a combined mileage = 07 % of 
the total mileage of that summary. For each Item (Ballast, Ties, 
etc) the cost is here given (as In (1 05) (1) in dollars per track- 
mile, and (2) as a percentage of the total track cost of the given 
system. 


I. C. C. Account 

11 

8 

0 


Track- 

Ballast 

Tics 

Rails 

<i State; 

miles 

$ 

% 

* 

% 

* 

% 

1333 Wis 

10200 

566 

10.2 

1005 

10.7 

2960 

53 :i 

1330 Mich 

10882 

342 

0.7 

1025 

20.2 

2630 

51.8 

1347 Minn 

10500 

800 

12.0 

1605 

24.0 

3140 

45.2 

R.R.; 








1362 N. P 

7695 

1355 

15.4 

2070 

23.5 

3720 

42.3 

1374 Gt N. 

8116 

1205 

13.9 

2300 

24.7 

3820 

41.0 

Totals & avs 

Tot track-miles 

47393 

842 

12.1 

1575 

22.7 

3185 

45.8 

& av costs, for 
18 statements, 








fro-m tf 95. > 48000 

800 

12 

1470 

21 

3255 

48 


I.C.C. Account 


Track Joints &c 
f» State; miles $ % 


1333 Wis. 

10200 

515 

1336 Mich. 

10882 

353 

1347 Minn. 

mimom 

565 

R.It.; 



1362 N.P. 

mmm 

538 

1374 Gt N. 

8116 

910 

Totals & avs. 

47393 

562 

ESEEEEMt. 



& av costs, for 

18 statements, 
from l OB. >48000 


9.0 

7.0 

8.2 


6.1 

0.8 

81 


10 


Turnouts 
$ % 


I-ay & Surf 

$ % 


Track 

$ 


116 2.1 
135 2.7 
132 1.9 

260 3.0 

111 1.2 

147 2.1 


328 5.0 
002 11.9 
508 7.3 

860 9.8 
860 9.2 

610 8.8 


• 6921 


500 8 


580 9 


6800 
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completely furnisht with power, lathes, planing machines, scales, and 
all other necessary tools and appliances, say $100,000 to $150,000, 
exclusiv of ground. A large yard, of at least an acre, should adjoin 
the buildings. A moderate establishment, for the repair of a few 
locos only, $30,000 to $40,000. 

118. A set of car shops for the Wabash Ry, at Decatur, Ill., 
1900, cost $368,000. G 1147. It Included 
Car shop, 88 X 464 ft, at 2.7 cts/cu ft; 

Blacksmith and machine shop, 80 X 294 ft, at 3.0 “ 

Storehouse, with 2-story office, 40 X 464 ft, at 5.5 “ 

Wood mill, 80 X 238 ft, at 2.9 

Cabinet-makers’ shop 40 X 350 ft, at 4.5 “ 

Power house, 60 X 108 ft, at 3.4 “ 

Miscellaneous. 

11®. Transfer tables, $1000 to $2000 each. See also Turn¬ 
tables, 115. 

120. Ash pits, $10 to $20 per lineal foot. 

Primary Account 44. Shop Machinery. 

121. Machinery. A comparison of five locoraotiv repair shops 
showd costs of shop machinery ranging as follows:—$650 to $950 
per machine; $450 to $85o per loco handled per year; $1.10 to 
$3 OO/gq ft of ground coverd by buildings. 

Yards. 

122. Freight yards \ elevated, with concrete retaining walls, 

Prices, exclusiv of track work. 

Master St. Berks St. York St, 

Capacity, cars, 66 55 104 

Contract price, total, $97,868 $70,350 $67,058 

*• " per car, 1480 1,280 644 

123. Car-cleaning yards» including service building, car repair 
and paint shop, power-house building and piping; but exclusiv ol 
track work and mechanical equipment. See fl 124. 

124. Coal-pocket yards, including stables, paving, drainage, 
etc. (See also Fuel Stations, fl 111.) 

Car cleaning yds Coal pocket yds 

Capacity, 230 Cars 20,000 Tons 1,170 Tone 

Contract price, total, $53,327 $273,578 $42,884 

“ “ per unit, • $232 $14 $31 

rhila & Reading track elevation, Phila. Sam’l Tobias Wagner, 
Am Soc C E Trans, 1913 Dec, Vol 76, p 1874. 

For Primary Account 21, Grain elevators, 

“ “ “ 22, Storage warehouses, 

“ “ “ 23, Wharvs and docks, 

44 “ 44 24, Coal and ore wharvs, 

see table of line-mile costs, fl 129. 

Primary Account 26. 

Telegraph and Telephone Linen. 

125. Poles, $1.50 to $3.00 each. Galvanized iron wire, 4 to 5 
cts/lb. 

126. Single-wire line, $100 to $200/mile of wire. 

127. Estimated reproduction costs, in Washington. H. P. Gil¬ 
lette. Gt Norths, $74/line-mile; N. Pac, $151/llne-xnile. 
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Primary Account 27. Signals and Interlocken. 

128. Average Interlocking signal plant, $8,000, including cross¬ 
over, 4 derails, 4 high sigs and 6 dwarf slgs. G 1287. 

See also Signals, p 993. 


120. Tabulation of Costs of Structures In $ per line-mile. 


Ref 

(1 

RSI 

G 

■a 

mm 

wm 

B 

E| 

Total 


1310 


1332 

mz 1 

mzm 

TKm 

mm 

IMfZl 

Mll’ge 




Oreg. 







RR or 

Gt. N. 


RR. & 

Wls 

Mich 

Minn 

N.P. 

Gt N. 

&av 

State 

Wash 


Nav 




Sya 

Sya 

costs 

Line-miles 






[223 

mu 



Item No. t 
16 

Pffl 

971 

305 

553 

HI 

796 

1138 

495 


20 


666 

165 

548 

276 

916 

675 

550 

580 

18, 19 

Kirn 

245 

218 

255 

132 

306 

448 

390 

294 

21-24 

952 

636 

112 

672 

911 

ESI 


645 

758 

35 

261 

717 

K3J 

253 

KfOl 

427* 

312 

369 

412 

13 

87 

166 

255 

227 

353 


116 

115 

211 

26, 27 

61 

153 

78 

123 

97 

259 

272 

390 

270 

214 

44 

196 

179 

46 

242 

142 

241 

186 

211 

14 

245 

79 

mm 


■3 

50' 

92 

112 

73 

Total 


3812 

1489 

&SE1 

2597 

Biffll 

4019 

EEjjy 

3473 


For GENERAL ACCOUNT II. EQUIPMENT, 
See U 132, etc. 


GENERAL ACCOUNT III. GENERAL EXPENDITURES. 

130. Under this head may be clast such expenses as that of 
effecting company organization, including necessary legislation; that 
of obtaining a certificate of public convenience and necessity (re¬ 
quired in some states) ; that of obtaining local franchises and con¬ 
sents; that of compensation to “promoters” (an item subject to 
grave abuse) ; and those connected with the issue and marketing of 
stocks and bondB, including official authorization, and discount upon 
those securities which must be sold below par. Their total varies 
widely. Mr. Walter Loring Webb (“Railroad Construction", 1905, 
p 394) says:—“It has been estimated that about 2% of the railway 
capital of Great Britain has been spent in Parliamentary expenses 
over the charters.” 


♦Assumed for our table. 


fltem No. Item. 

16, Stations. 

20, Shops and engin houses. 

18,19, Water and fuel stations. 

21-24, Docks, wham, warehouses, stock yds, grain elevators. 
35, Miscellaneous buildings. 

13, Fencing, etc. 

26, 27, Telegraph, telephone and signals. 

44, Shop machinery. 

14, Snow and ice protection. 


























GENERAL COSTS 


Primary Accounts 73 (Law) and 76 (Interest during construc¬ 
tion.) 

131. In statements of actual cost, the Item of Interest, plus legal 
expenses, usually ranges between 2.5 and 5% of the total construc¬ 
tion cost exciusiv of rolling stock; but, in estimates, valuations and 
appraisals, the estimators, by assuming long periods of non-re- 
munerativ conditions, sometimes arrive at much higher figures. Thus, 
in the case of the Gt Northn Ry System, G 1374, where the cost, 
exciusiv of equipment, amounted to $56,330/line-mlle, the Chf Engr 
estimated interest at $5690 per line-mile, and legal expenses at 
$563/llne-mile; total, $6253/line-mile. 

GENERAL ACCOUNT II. EQUIPMENT. 

Primary Accounts 51 (Steam Locomotive) and 53, 54, 57 

(Freight-train and Passenger-train cars and Work Equipment.) 

132. Locomotiv and tender (7 to 9 cts per pound] 


Passenger and switching-, 
Atlantic type, and freight-, 

133. Cara 
Pullman-, 

Passenger-, 

Baggage-, 

Freight-, 

134. Coats per line-mile, etc. 


2,000 each 
1,000 “ 


$12,000 to 815,000 
$ 6,000 to 8 8,000 
$ 4,000 to $ 5,000 
$ 600 to $ 700 


$ per line-mile 


Line- r I Cars 

Miles Lo ™ 


G 1317 Spokane Falls, 

G 1314 Gt N, Wash, repr, 
G 1830 N. P., Washn, repr 
G 1317 Gt N System, 

G 1329 N. P. System, 

G1335 Wisconsin, Pence, 
G 1336 Michigan, 

G 1347 Minnesota, 

Total mileage, 

Average costs, 




of total rolling stock cost 


Cars 




G 1317 Spokane Falls, 

G 1314 Gt N, Wash, repr, 
G 1880 N. P., Washn, repr 
G 1317 GtN System, 

G 1329 N. P. System 
G 1335 Wisconsin, Pence, 
G 1336 Michigan, 

G 1347 Minnesota, 

Total mileage, 

Average costs, 



For GENERAL ACCOUNT III. GENERAL EXPENDITURES 
See n 130, 131. 
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TOTAL COSTS PER MILE 
Property Investment. 

135. Prom the Interstate Commerce Commission’s 27th Annual 
Report on the Statistics of Railways in the United States, for the 
yea* ended June 30, 1914, Washington, 1915, Statement No. 44 A, 
PP^fc4, we deduce the following data respecting “property invest- 
meijj* in “road and equipment” for the roads represented in the 
statement. 

Class I. Roads having annl operating revenues > $1,000,000; 
Class II. •* " •• •• “ 

from $100,000 *to $1,000,000. 
For definitions of eastern, southern and western districts, see 
Fig. 2. 




i Class X 


Eastern 

| Southern | 

Western 

Tot U. 8. 

Track-miles 

Property Investment, 

$ per track-mile; 

32,121 

138,000 


105,904 

61,700 

171,503 

77,000 


Class II 

Tot Op’g 

Non-op’g 

c. s. 


18,367 

189,870 

37,534 

227,404 


43,300 

73,800 

70,000 

74,200 


136. For the line -mile property investment of the 189,870 operat¬ 
ing track-miles represented in the foregoing statement, we have 
(see Statistics of Rys in U. S., pp’12 and 13): 


Total track-miles operated in TJ. S. 387,208 

—-——— - = - = say 1.5 

Total line-miles operated in U. S. 256,547 


Hence 

line-mile property investment = 1.5 X $73,800 = $110,700. 
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137. Funded Debt. The funded debt (1014) of the Class I and 
Class II roads and their nonoperating subsidiaries (a total of 
24X790 line-miles), as given on p 32 of “Statistics” for 1914, 
amounts to $11,560,041,553, or $47,400 per line-mile. Assuming 
(see fl 136) 1.5 track-miles for each line-mile, we have: Funded 
debt, per track-mile = $47,400/1.5 = $31,600. 

Total constrn costs, per Une-mile & per track-mile. 

138. The following table indicates (mostly in round numbers) 
the range of total construction costs (including right-of-way, un¬ 
less otherwise stated) per line-mile and per track-mile. The track- 
mile costs are lower than would be those of single-track lines of 
the same character. 

Dates given (“E-C, 1907 Jun 26,” etc) refer to Engineering- 
Contracting. 

For characteristics of lines, see list of Gillette data, II 21. 


G 1336; 10-0, 1907 .Tun 26. Steam rys of 
Michigan. Estimate, 1900. 

Tot constrn cost 
in $/mile of 

line track 

18,161 13,050 

G 1347: E-0, 1909 Mar 3. Iiys of Minnesota. 
Reproduction cost. 

44,700 

32,500 

(1 1336; E-C, 1907 Jun 26. Rys of Wisconsin. 
Appraisd, 1903-4. 

22,000 

15,800 

<5 1334 ; E-C, 1910 Jan 19. Itys of Wisconsin. 
Appraised, 1907, 

27,600 

19,200 

G 1374 : E-C, 1908 May 6. Gt. Nortlm system, 
estimate of reproduction cost, 

56,500 

46,100 

(4 1303-1319; E-C, 1909 Dec 8. Gt Northn Ry 
lines in Washn, 

G 1303 ; Original cost, 

G1310; “ “ plus improvements, 

44,412 

41,000 

49,848 

40.000 

(11319; Reproduction cost, 

66,753 

53,600 

(4 1307: Spokane Falls & Northn branch. 
Estimated constrn cost, 

17,000 

14,500 

G 130S; Washn & Gt Northn branch, 

36,500 

33,300 

G 1306; Fnlrhaven Southn branch. Original 
const rn, 

22,565 


(4 1362; E-C, 1908 Apl 15. Northn Pac sys¬ 
tem. Appraisal. (Right-of-way = $18,344/llne- 
mlle), 

59,514 

45,800 

G 1321; E-C, 1910 Jan 12. Northn Pac Ry 
lines In Washn. Original cost plus improve¬ 
ments, 

38,895 

29,000 

(.4 1329; Reproduction cost. Mr. Gillette’s 
estimate, 

54,277 

40,600 

G 1353; E-C, 1907 .Tul 24. Chicago, Mil¬ 
waukee & St. Paul Ry in S. Dakota, \ 

01331; Oregon R R & Nav Co’s lilies in 
Washn. Original cost (including betterments 
undistributed), 

■ 14,726 

13,650 

26,319 

23,200 

G 1332; Estimate of reproductn cost, 

27,122 

23,900 

G1291; Branch of St. Louis Southwestern 
Ry in Texas. Exclusiv of land, ' \ 

G1289 ; Winchester & Reattyvll Rlt J%Ky. 

17,320 

15,400 

12,200 

10,850 

G 1290; Lumber ry In northwestern Pe&n. 

9,094 

8,004 
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139. Commercial value*, and valuation* for aaaesamentf 

per mile of single track, as determind by the I.C.C. See Census 
Bulletin 21; Tables 1 and 2; 1902-1905. 


ie also top of next page. 

Miles of 
single 

Commercial 

Valuation for 
assessment 
for taxation 


track 

Value $ 

purposes 

Alabama, 

4,669 

32,200 

11,550 

Alaska, 

28 

3,600 

Arizona, 

1,751 

39,000 

3,810 

Arkansas, 

4,126 

30,200 

• 8,410 

California, 

6,263 

56,000 

14,900 

Colorado, 

4,976 

39,950 

9,960 

Columbia (Dist), 

32 

174,300 

77,800 

Connecticut, 

1,018 

103,500 

118,300 

Delaware, 

336 

51,500 


Florida, 

3,556 

22,500 

6,150 

Georgia, 

6,305 

24.8(H) 

10,000 

Idaho, 

1,462 

62,900 

6,920 

Illinois, 

11,623 

69,300 

36,600 

Indn Terr, 

2,532 

31,400 


Indiana, 

6,918 

54,250 

24.000 

Iowa, 

9,859 

35,000 

5,850 

Kansas, 

8,811 

40,5(H) 

6,800 

Kentucky, 

3,233 

47,850 

23,800 

Louisiana, 

3,899 

31,600 

7,400 

Maine, 

2,022 

39,600 


Maryland, 

1,421 

93,100 


Mass., 

2,119 

118,000 


Michigan, 

8,660 

32.1(H) 

22,700 

Minnesota, 

7,811 

59.800 


Mississippi, 

Missouri, 

3,480 

31,000 

8,570 

12,670 

7,711 

40,200 

Montana, 

3,267 

CO, 100 

11,230 

Nebraska, 

5,821 

. 45,200 

7.920 

Nevada, 

987 

44,300 

14.0(H) 

New Hampshire, 

1,276 

62,400 

146,400 

17,800 

New Jersey, 

2,278 

101,700 

New Mexico, 

2,505 

34,500 

3,400 

New York, 

8,297 

108,300 

27,700 

North Carolina, 

4,075 

27,800 

17,100 

North Dakota, 

3,191 

38,700 

6,930 

Ohio, 

9,197 

74,900 

14,600 

Oklahoma, 

2,611 

30,000 

4,560 

Oregon, 

1,737 

43,600 


Pennsylvania, 

11,023 

128,900 


Rhode Island, 

212 

121,400 

74,700 

South Carolina, 

3,175 

23,800 

9,280 

South Dakota, 

*3,047 

16,300 

4,700 

Tennessee, 

3,481 

37,700 

10,900 

Texas, 

11,848 

20,100 

8,020 

Utah, 

1,780 

50.8(H) 

11,600 

Vermont, 

1,063 

35,200 

25,700 

Virginia, 

3,932 

53,800 

16,100 

Washington, 

3,356 

2,837 

54,500 

71,000 

7,770 

West Virginia, 

10,100 

Wisconsin, 

7,049 

40,400 

30,900 

Wyoming, 

1,248 

80,400 

6,000 


213.932 

52,600 
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“By ‘Commercial value* is meant tlie estimate placed upon the 
worth of a property regarded as a business proposition." p 8. "An 
effort was made, also, to test the results submitted In this report 
(“Commercial value”) by the formal or implied valuations of rail¬ 
way properties made by state officials." ("Valuation for assess¬ 
ment”), p. 13. From Census Bulletin 21. 

See “The Valuation of Public Service Corporation Prop¬ 
erty,” by Henry Earle Riggs, Am Soe C E, Trans, 1911 
June, Vol 72, p 15, Table 1. 

140. Costa per mile of first class RRs. The following fig¬ 
ures of cost per mile of first-class railroads are eondenst and classi¬ 
fied from It R Gnz of 1906. They include preliminary surveys, 
clearing right of way, grading, roadbed, ties, rails, ballast and side 
tracks, in shape for operation, but not real estate, stations, rolling 
stock and signals, a — single track, d — double track. 

Six first class railroads in eastern U.S., with steel bridges, eon- 
< rete abuts and piers, 80-lb rail, and stone or gravel ballast. 


Year 

Milos of 

$ per 


built 

line sld’gs 

line-mile 

Conditions 

\ 1902 

9.06 5.45 

8 

20,300 

River line. Considerable hill-side 
cut & fill In earth & loose rock. 
Culverts, C 1 pipe & cone. No 
tunnels. Few bridges. 

It 1003 

15.77 3 61 

8 

37,014 

River line. Heavy slde-hlll work, 
earth and loose rock. 3 river 
crossings. 

c 1901 

30.08 6.64 

8 

00,628 

River line. Sinuous alinement. 3 
crossings of river 300-500' wide. 

4 tunnels = 1.33 miles total. 

1* 1903 

3.60 0 00 
d 

76,336 

Detour ar'd city. Sand and gravel. 
Heavy work at 4-track R R cross¬ 
ing Highway crossings. 2 deep 
ravines. 

F. 1899 

1.57 0.00 
d 

105,186 

Connection betw 2 main lines. 
4-track R R crossing. Highway 
crossing. II e a v y embankments. 
Extensiv bridging & grade-changes. 

F 1898 

11.00 0.00 
d 

50,000 

Detour ar'd city. 4 overhead and 

5 underhead trunk-line R R cross¬ 
ings. Heavy cuts & fills; long 
hauls. 3 stream crossings. 

First class branch line in Texas: 

1903 
to 

1904 

12.13 1.52 

H 

19,649 

75-lb rail. Mostly tangent on level 
ridge. It It crossing. Few open 
ings. No side-hill cuts. Consider¬ 
able fill. Earth; some loose rock. 

Through 

trunk-line work, east of Chicago. 

A 1903 

10.72 .... 

a 

78,000 

Low-grade line; 85-lb rail; 2/3 
excavated in rock; 1/3 clay & 
loam. 

B 1903 

4.10 2.35 
s 

40,700 

Ohio. Mine branch. Earth & solid 
rock. Ravine crossing; Single- 
track, timber-lined summit tunnel, 
475' long; pipe culverts; timber 
trestles. 

C 1903-4 

12.48 0.50 
8 

40,000 

W Va. Bituminous coal country. 
River to river; crossing summit. 

!-> 1902-3 

8.10 .... 
d 

154,000 

W Va. Cut-off. Tunnel 4120' long. 
0.3% grade eastbound ; 0.8% west¬ 
bound. 

B 1903-5 

51.84 25.00 
d 

100,000 

Ohio. Low-grade line. Heavy 
grading & masonry. Grade-croBB- 
in'gs generally avoided. 


76 
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141. Eng News, 1909 Dec 2, p 623. reprints, from Archiv fill 
Blsenbahnwesen, a table from which we select the following: 





“Construction 

capital’ 




In millions 

$ per 


Date 

Miles* 

of dollars 

mile* 

Europe 

1904-1908t 

181,853 

23,588 

130,000 

Germany 

1907 

35,058 

3,840 

108,50( 

France 

1905 

28,973 

3,520 

122.00C 

Gt Britain 





& Ireland 

1904 

22,630 

6,08J» 

271,(XX 

Canada 

1907 Jun 30 

22,447 

1,295 

58,00( 

Cuba 

1905 

1,534 

66 

43,10C 


Track Elevation. 

142. In 1907 to 1911, the Philadelphia & Reading Railwaj 
Co. eliminated grade-crossings on its line betw Green St and Wayn< 
June, Philadelphia, 4.3 line-miles. The work included 

3,365 ft of 4-track steel viaduct, 27,180 tons, 

11 signal bridges, 

67,500 cu yds third-class masonry in retaining walls, 

151,800 “ concrete “ in abuts and walls 

430,400 “ embankment, 

4,322,000 ft lumber in temporary trestles, 

16 stations and other buildings (including Columbia Av< 
station, (I 104, costing $217,134), 

30.1 miles of permanent single track, 

46 industrial connections reconstructed, 

7 miles telegraph, telephone and electric light conduit, 
139,620 cu yds excavation for street-grade changes, 

18,306 feet of sewers, $276,079, 

104,312 sq yds of street driveway and sidewalk paving. 

The total estimated cost was $7,659,740, or say = $1,785,000 pe 
line-mile = $255,300 per track-mile. 

Sam’l Tobias Wagner, Am Soc C E, Trans, 1913, Dec, Vol 70. 

Elevated and Subway RRs. 

143. Elevated railroads. Ter mile; total. 

G137G-1379. New York and Brooklyn. Double-track, exclusb 
of equipment, $300,000 to $350,000 per double-track mile. <N< 
real estate cost.) 

144. Subway. 

G 1392. New York. A half-mile, double-track, cost the contrac 
tors about $800,000, made up approx as follows:— 

Earth excavation . 410,000 

Rock “ 5,000 

Concrete . 90,000 

Steel . 120,000 

Underpinning, etc . 125,000 

Other items . 50,000 


$800,000 

For itemized and total cost per mile of surface electric line* 
see U 146. 


•Whether line-miles or track-miles Is not stated, 
f Includes Netherlands, 1897, with 1653 miles, $138 million. 









ITEMIZED COSTS PER MILE 

145. The following table gives the itemized cost of steam railroad's, per llne-uille and per track-mile, and the 
rcentages of total construction cost i including equipment cost) for three typical lines, representing, respectivly, 


COSTS PEK MILE 


1125 



Tunnels and subways.1 5559 I 4460 I 7.65 






























G 1319 G 1347 
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14. Snow & sand fences & snow sheds, 282 226 0.39 

15. Crossings and ?igns,. 24 19 0.03 64 47 0.11 
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146. Surface electric railroad*. The discrepancies, betw the 
totals of the following statements and estimates, are explaind partly 
by the wide diffs betw the given per-mile costs of certain items, and 
partly by the omission, from some of the statements and estimates, 
of items included in the others. The more important of these 
omitted items are noted below. Owing to diffs of classification 
betw the several authors, we have been obliged, in some cases, to 
resort to assumption in proportioning the costs. 

G 1417. First-class third-rail suburban line, 62.5 miles long, of 
which 6.5 miles were laid in city streets. Exclusiv of real estate. 

G 1418. Estimate. Interurban trolley R R, based upon experience 
in New England in 1902. Exclusive of buildings, power and equip¬ 
ment. 

G 1419. Third-mil line. (The total, for an otherwise similar trol- 
lev line, was $832 less per line-mile). Exclusiv of land, grading, 
bridges, trestles and culverts. “Electric Railways," by Sydney W. 
Ashe, 1907 

G 1438. Estimate. 3 miles of double-track trolley line. Exclusiv 
of grading, bridges, trestles and culverts. “Street Railways," by 
C. B. Fairchild, 1892. 

G 1440. Estimate. Max cost of 4-track third rail suburban R R. 
Exclusiv of engineering. “Electric Railway Economics,” by W. C. 
Gottschnli. 1903._ 


Primary accounts 

Dollars per single-track mile j 



^^2 


EfHSMI 

1 Engineering, 

1000 

600 


1000 


2 Land for 






transpt’n purposes, 


1000 


2083 

20000 

Grading, 

1536 

7230 



6000 

i; Bridges, trestles 






and culverts, 

2481 

2350 



mW\ (Iii 

s Ties, 

1540 

1426 

1980 

1267 

■rt r 1 

9 Rails, 

3000 

3465 

3819 

7000 

HhT i il 

!() Other track material, 

965 

686 

■Wt 1 ! 

800 


11 Ballast, 

1856 

1500 

BtRil 

2376 

4125 

12 Tracklaying 



DM 



and surfacing, 

725 

1056 

KI&i 

1584 

1650 

13 Right-of-way fences, 

280 

640 

■ft] 



16 Station & offc bldgs, 

212 


225 



IX) Shops & enginhouses, 

384 



4834 


44 Shop machinery, 




1417 


26 Teleg & teleph lines, 

144 

400 

150 



27 Sigs & Interlockers, 

560 

1600 

500 



29 Power plant bldgs, > 

45 “ “ mach’y, J 

3144 


3275 

20791 

18000 

30 “ substa bldgs, 1 

1432 


3000 



46 “ “ apparat, ) 







1232 

1100 

1404 

560 

2500 

32 “ distrlb “ , 

3209 

2200 

2600 

1130 

7000 

33 “ line poles & fixtrs, 


650 

450 

1607 


36 Paving, 




14079 


Other items, 

4680 

270 

2304 

1500 

4400 

Permanent constrctn, 

28980 

26178 

24534 

62028 

82623 

Equipment; 

54 Pass’r-train cars, 

2440 


5500 

12437 

8000 

57 Work equipment, 




1442 


Perman’t constrn & eq’p’t, 



80034 

75907 

90623 


For total per-mile costs of elevated RRs and subways, see 
1111143,144. 
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BAILBOADB. 


RAILROAD STATISTICS 

Table 1* In the United States. 

(From Reports of the Interstate Commerce Commission.) 

Class I. Roads having an’l op’g revenues over $1,000,000; 

Class II. “ “ “ “ “ from $100,000 to $1,000,000; 

Class III. 14 44 44 44 44 less than $100,000. 


For years ending June 30 

1000 

1907 

1014 

Classes I 

Plant 



II & III 

Line-miles built in one year. 

4,051 

5,588 

*t2,454 

Line-miles in op’n at end of year. 

192,556 

227,455 

*254,555 

Track-miles in op’n at end of year 

258,784 

327,975 

*384,115 

Rolling stock in operation. 

Number of locomotives. 

37,663 

55,388 

*65,658 
Classes I 
&II 

Number of passenger cars. 

34,713 

43,973 

*39,859 

baggage, express and 

postal cars . 



*13,607 

44 44 freight and other 

cars . 

1,416,125 

2,082,621 

*2,450,356 
Class III 

44 44 unclassified cars ... 



*11,807 


“ 44 all cars . 

Construction Cost of Road 
and Equipment. 

Total, in millions of dollars. 

No. of line-miles represented. 

Cost per line-mile, $. 

Operation For One Year. 

Pass’rs carried 1 mile, per line-mile 
Tons of frt “ “ “ 44 “ 44 

Gross earnings from operation,$... 

per line-mile. 

from passengers, $. 

“ freight, $. 

“ other sources. $. 

44 all sources, $. 

per passenger-mile, from pas'rs, $ 

per ton-mile, from freight, $- 

Pass’r earnings -f- tot earnings.. 
Fr't earnings -r total earnings.. 
Other earnings -r total earnings 
Tot earn’s -r const & equipt cost 

Expenses, per line-mile, $. 

Expenses -t- constr & equipt cost... 

Expenses -r- gross earnings. 

Net earnings per line-mile, $. 

Net earnings -r const & equip cost 


Classes I 
II & III 


1,450,838 

2,126,594 

*2,515,629 



Classes I 



&II 

10,263 

13,030 

*16,937 

181,437 

210,793 

*235,986 

56,567 

61,816 

*71,770 


Classes I 
&II 


83,295 

123,259 

144,278 

735,366 

1,052,119 

1,176,923 

2,067 

3,032 

3,476 

5,466 

8,123 

8,596 

189 

228 

315 

7,722 

11,383 

12,387 

0.0200 

0.0201 

0.0198 

0.0073 

0.0076 

0.0073 

0.2677 

0.2664 

0.2806 

0.7078 

0.7136 

0.6940 

0.0245 

0.0200 

0.0254 

0.1365 

0.1841 

0.1726 

4,993 

7,687 

8,944 

0.0883 

0.1244 

0.1246 

0.6465 

0.6753 

0.7220 

2,729 

3,696 

3,443 

0.0483 

0.0598 

0.0480 


'Excluding switching and terminal companies. 
tExduding Alaska and Hawaii. 

gClast as “Gross Earnings" in I. C. C. reports for 1900 and 1907, and 
as “Operating Revenue" in I. C. C. report for 1914. 
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Table 2. Class 1 Roads In the United States, by Districts, 
1814. 

Aggregates of such of the reports of Class I roads as were considered 
sufficiently complete for inclusion. 

Class I roads arc those having an’l op’g revenues over $1,000,000. 


Eastern 

District 

Southern 

District 

Western 

District 

Total 

32,121 

33,418 

105,964 

171,503 

133,941 

64,135 

60,205 

74,781 

22,195 

11,074 

9,632 

13,157 

16,801 

8,038 

6,539 

9,479 

0.7570 

0.7258 

0.6789 

0.7205 

lag Expenses for Maintenance and 


Plant. 

Line-miles in operation. 

Construction cost of road and 
equipment, per line-mile, $ 

Operation For One Year. 

Gross earn’s per line-mile, $ 

Expenses per line-mile, $... 

Expenses -r gross earnings.. 

Table 3. Items of Open__ _ 

Operation of Class I Railroads, for year ending June 30, 1914. 
Condenst from Report of Interstate Commerce Commission for 1914, 
Statement No 42 A, pp 59-60. 

Compare Train Operation Cost, p 1082. 


Average line-mileage operated, 225,445.43. 

$ per Per cent 
Total $ line-mile of total 


Maintenance of Way and Structures: 

Superintendence . 

Roadway and Track: 

Ballast . 

Ties . 

Rails . 

Other track material. 

Roadway and track*. 

Track Structures: 

Tunnels, bridges, etc. 

Crossings, signs, fences, etc. 

Signals, telegraph, etc. 

Buildings, fixtures and grounds.. 

Docks and wharves. 

Miscellaneous . 

Total, Maint Way & Structures.. 

Maintenance of Equipment: 

Superintendence . 

Repairs 

of locomotivs . 

of cars . 

of floating equipment. 

of work equipment. 

Renewals of equipment. 

Depreciation or equipment. 

Miscellaneous . 

Total, maint of Equipment. 

Traffic (Agencies, advert’g, etc). 


20,914,050 

93 

0.977 

7,109,605 

32 

0.332 

65,769,736 

292 

3.074 

18,720,319 

83 

0.875 

21,109,628 

94 

0.987 

146,481,436 

650 

6.846 

37,147,465 

165 

1.736 

8,567,305 

38 

0.400 

16,320,242 

72 

0.763 

37,389,272 

166 

1.747 

3,246,420 

14 

0.152 

20,907,115 

93 

0.977 

403,682,593 

1792 

18.866 

15,063,195 

67 

0.704 

175,869,571 

780 

8.219 

214,981,597 

954 

10.047 

943,622 

4 

0.044 

4,886,329 

22 

0.228 

17,547,413 

78 

0.820 

73,737,457 

327 

3.446 

17,171,090 

76 

0.803 

520,200,274 

2308 

24.311 

62,366,351 

276 

2.914 


Table concluded on next page. 


* Applying ballast, ties, rails and other track material; track mainte¬ 
nance: care of roadbed; general cleaning; patrolling and watching; 
changing alinement and grades; bank protection; filling; train service, 
etc. 
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Table 3, concluded from p 1131. 


Transportation: 

Total $ 

$ per 
Imc-mile 

Per cent 
of total 

Superintendence and despatching.. 

44,962,961 

199 

2.101 

Station employees . 

147,350,812 

654 

6.886 

Yard conductors and brakemen.... 

60,559,700 

269 

2.830 

Yard enginmen. 

35,028,591 

155 

1.637 

Yard loco fuel. 

33,594,011 

149 

1.570 

Yard and station operatn, misc.... 

69,452,990 

.308 

3.246 

Road loco, fuel. 

201,637,470 

895 

9.423 

Road enginmen. 

127,247,552 

564 

5.947 

Road loco, other expenses. 

61,328,588 

272 

2.866 

Road trainmen . 

137,270,401 

608 

6.415 

Train supplies and expenses. 

39,430,240 

175 

1.843 

Operatn of interlockers and signals 

11,374,397 

50 

0.532 

Train operation, misc. 

8,740,448 

39 

0.409 

Miscellaneous . 

96,003,219 

425 

4.487 

Total, Transportation . 

1,073,981,380 

4762 

50.192 

General (Admin’n, insnee, &c)- 

79,525,390 

353 

3.717 

Total, Maint and operation.... 

2,139,755,988 

9491 

100.000 


Each of these expense items is, however, subject to wide variation, 
not only as betw different roads, but, on the same road, from year to 
year. A road with many bridges, deep cuts, high embankments, etc, to 
be kept in repair, will have heavier maintenance of way cost than one 
which has but few of these; and this item may be relativly small one 
year, and twice as great the next. Fuel may be cheap on one road, and 
dear on another; and this of course materially affects the cost of motiv 
power. And so with the other items. Some times the annual cost of 
maint of way exceeds that of motiv power and cars together. At others, 
the cost of conducting transportation is fully half the total expense. 

Train-mile cost (see p 1081. If 6) in the United States for 1911, ac¬ 
cording to the Report of the Interstate Commerce Commission for 1911, 
averaged as follows: 

Train-mile 

Gross annual operation cost cost 

On railroads of Class I, not less than. $1,000,000 $1,555 

“ “ " “ II, between .$1,000,000 and $100,000 $1,349 

" “ " “ HI, not over .... $100,000 $1,410 

When a road does a very large business, of such a character that the 
trains may be heavy and the cars full (as on coal-carrying roads) the 
train-mile cost is large, and vice versa, altho, on coal roads, half the 
train-miles are run with empty cars. 















Table 4. Revenue per mile, per passenger-mile, and per ton-mile, total gross earnings and expenses per line-mile, and 
operating ratio of some of the Class I railroad Companies in the United States in 1914 From Report of the Inter¬ 
state Commerce Commission for Year ending June 30, 1914. Class I railroads are those having annual operating rev- 
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TIMBER. 


PRESERVATION OF TIMBER. 

Art. 1. (a) The decay of timber is caused hy the growth and 

activities of fungi. The uunute spores of one of these fungi, germinating 
on a piece of wood, send out fine threads, which enter the wood cells ana 
soon give off & complex compound called a ferment or enzyme, which dis¬ 
solves certain parts of the wood fibre. The dissolved fibre serves as food 
for the fungus. The threads throw out branches and sub-branches, and 
soon the timber is permeated by a mass of such threads, the growing parts 
of which give off ferment. The action of the ferment changes the che mi ca l 
and physical properties of the wood, rendering it, in some cases, like brown 
charcoal, in others white, soft and stringy, and the wood is said to be rotten 
or decayed. Eventually some of the threads grow out from the surface 
of the timber, and form toadstools and other excrescences. Under these 
are found cavities containing thousands of spores, which, when ripe, art 
blown off into the air and Bettle upon other timbers, where the process is 
repeated. Moisture and heat are favorable to the growth of the fungi, as 
are also the starches, sugars and oils found in the cells of the saowood but 
wanting in the heartwood. if protected from the action of these fungi, 
wood will last indefinitely. Hence the accumulation of deadwood should 
be avoided * If air is excluded, as when timber is kept constantly and 
entirely immersed in salt or fresh water, the fungi cannot thrive. Sap, 
confined in timber with air, ferments, producing dry rot| as where beams 
are enclosed air-tight in brickwork, etc.; and where green timber is painted 
or varnished, or treated with creosote, etc. The sap then not only prevents 
the thorough penetration of the oil, etc, but may cause the greater part of 
the wood to rot although its firm outer shell gives it a deceptive appearance 
of strength, (b) Sap should therefore be first removed by seasoning! 
i e, either by drying the wood in air at natural or higher temperatures, 
or by first steaming the wood under pres so as to vaporize the sap, and 
then removing the latter by means of a vacuum. Thorough seasoning of 
Arge timbers in dry air at ordinary temperatures may require years; and 
too rapid kiln-drying cracks and weakens the wood. But it is questionable 


t is questionable 


whether steaming and vacuum remove sap as thoroughly as do the slower 
dry processes, (c) Alternate exposure to water and air is very destructive. 
It causes wet rot* 

. Art. 2, Sea-worms. The limnoria terebrans works from near high- 
water mark to a little below the surface of mud bottom; the teredo navalit 
within somewhat less limits. The teredo is said to be rendered less active 
by the presence of sewage in water. 

Art. 3. (a) The best timber-preserving processes are practically useless 
unless thoroughly well done. If the giin in durability will not war¬ 
rant the expenditure of time and money reqd for this, it is more economical 
to use the wood in its natural state, (b) The woods best adapted to 
treatment are those of an open or porous texture. They absorb the oil 
etc better than the denser woods; and their cheapness renders the use of 
die treatment more economical, (c) Most of the processes in common use 
seem to render wood less Combustible, (d) After treatment by any process, 
the wood should be well dried before using. 

Art. 4. (a) Creosote oil, or dead oil. is the best known preservative. 
Against sea-worms it is effective for 15 to 25 years, and is the only known 



• See paper by Dr. Hermann von Schrenk, read before the American 
Railway Engineering and Maintenance of Way Association, March. 1901* 
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to sure to attack any spots which (as by subsequent cutting) are left unpro* 
tec ted. (t) Creosoted ties have remained sound after 22 years' exposure. 
The creosote protects the spikes from rusting, (g) Spruce and tamarack, 
owing to their irregular density, are unsuitable for creosoting. (h) Creosote 
renders wood stiffer and slightly more brittle. In hot weather it exudes to 
some extent and discolors the wood. Its smell excludes it from dwellings, 
(i) It does not wash out from the wood, but often fails to penetrate the 
heart-wood. Then, if any sap remains, decay begins at the center. See 
end of Art 1 (a). Burnettizing the cen of the stick (see Art 7) and using a 
coating of creosote outside, has long been suggested as the best possible 
method. It is the principal feature of the Allardyce process. This is 
cheaper than thorough creosoting. In the Rtitgers process, which has 
been successfully employed for ties in Germany (since 1874, the creosote and 
a solution of zinc chloride are injected simultaneously. (J) In the creo- 
resinate process * the preservative fluid consists of creosote 38 per cent, 
formaldehyde 2 per cent, and melted resin 60 per cent. 

Art. 5. (a) Mineral solutions are inferior to creosote, even on land} 
and useless in running water or against sea-worms; but they approximately 
double the life of inferior timber under ordinary land exposures; and their 
cheapness permits their use where that of creosote is too expensive, (b) 
They render wood harder; and brittle if the solution is too strong. They 
are liable to be washed out by rain, etc. Hence the outer wood decays first. 
See Art 4 (i) Art 8 (b) (c) (d). (c) A committee of the American Soc of Civ 
Engrs,t after collating a large number of experiments, recommended Bur¬ 
nettizing (Art 7) for damp exposure, as that of cross ties, damp floors, 
etc; and Kyanizlng (Art 6) for comparatively dry situations with 
exposure to air and sun-light, as in bridge timbers, for which it is better 
suited than Burnettizing because it seems to weaken wood less. In such 
exposures it preserves wood sometimes for 20 to 30 years. 

Art. 6. (a) Kyanizlng consists in steeping the wood in a solution of 
1 lb of bi-chloride of mercury (corrosive sublimate) in 100 tbs of water, (b) 
It is usual to allow the wood to soak a day for each inch of the thickness or 
*east dimension of the piece, and one day in addition, whatever the‘size. 
(c) Gen’l Cram found the process very unhealthy, “salivating all the men"! 
but Mr. J. B. Francis, at Lowell, and Mr. H. Bisaell, of the Eastern R R of 
Mass, had little or no trouble in this respect. The sublimate, however, 
which is very poisonous, is apt to effloresce, and the use of the timber is thus 
rendered dangerous, (d) The process is valuable for timber placed in 
moderately damp situations, but the salt is liable to be washed out by run- 
mng water. Kyanized spruce fence posts, planted 4 ft in the ground, at 
Lowell, Mass, in 1850, were examined in 1891, and most of them were found 
very sound both above and below the surface of the ground. 

Art. 7. (a) Burnettizing consists in immersing the wood for several 
hours in a solution of 2 tbs chloride of zinc in 100 lbs of water, under a 
pres of from 100 to 300 tbs per sq inch. 

Art. 8. Other preventives, (a) Steeping in a solution of sulphate 
of copper (blue vitriol) has been extensively used, but does not seem to 
have been permanently successful. The blue vitriol washes out readily, 
(b) In the Barschall or Hasselmann process,! introduced in Germany 
m 1887, in the U 8 in 1899, the wood is boiled, at a temperature from 21Sr 
to 284° Fahr. and under a pressure of from 15 to 45 lbs per sq inch, In a 
solution of iron, oopper anti aluminum sulphates and “Kainit, a sulphate 
of magnesia and potash, mined at Stassfurt, Germany. The solution is said 

to carry off the sar .. 

green than when t___ 

iron forms an insoluble compound with t-- - 

clamed that the process greatly hardens the wood, especi a|fo t he softer 
varieties, rendering them suitable forties, without impairaa^9Ketrex«th, 
elasticity or pliability, (c) The Wellhouse process injMwet a solu¬ 
tion of chloride of zinc with glue, and then one of tantafi-Tboth under 
pressure), in order to diminish the subsequent washing out of the ohlorida. 
In a later modification, the sine, glue and tannin solutions are injected 
separately. Several millions of ties have been treated in this way. The 


•See 1 A Proposed Method for the Preservation of Timber,* by P. A. 
Rummer, Transactions, Am Soc C E, Vol XLIV, December, 1900. 
t See Transactions, Am Boo C E, July, Aug and Sept, 1885. 
t Railroad Gasette. February 9. 1900. 
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process is not recommended for sub-aqueous use. (d) Processes in whioh 
the wood is treated by painting or soaking * are: Carbolineum America 
(C. A. Wood Preserver) and Carbolineum Avenarius (Tar-oil, chlorine, etc), 
Ligni Salvor (Tar-oil, etc), Woodilineand Spirittine (chemical solutions) and 
a distillate of pine used by the Pennsylvania Railroad Co. for car work, 
(e) Fence-posts etc seem to be preserved, to some extent, by having only 
their lower ends dipped in tar well boiled to remove the ammonia, which 
last is destructive to wood. The upper end must be left untarred to let 
the sap evaporate, (f) Attempts at wood preservation by means of vapor 
of creosote etc have proved failures, (g) While wood remains thoroughly 
saturated with petroleum it does not decay. But unless the supply is 
kept up the oil evaporates and leaves the wood unprotected, (h) Cotton¬ 
wood ties laid upon a soil containing about 2 per cent carbonate of lime, 
1 per cent salt and 0.5 per cent each of potash and oxide of iron, on the 
Union Pacific R. R. in 1868, were found in 1882 “ as sound and a good deal 
harder than when first laid,” although such ties in other soils lasted but 
from 2 to 5 years, (i) The use of solutions of lime and of salt; and char¬ 
ring the surface ; are sometimes found useful in damp situations, j. 


* See Report by 0. Chanute to the American Railway Engineering and 
Maintenance of Way Association, March, 1901. 





STRENGTH OP TIMBER. 


1137 


Art. 4. Ultimate average tensile or cohesive strength or 
Timber, 

Being the least weights in pounds which, if attached to the bwor end of a vert rod 
jne inch square, firmly upheld at its upper end, would break it by tearing it apart. 
For large timbers we recommend to reduce these constants % to % part. 


The strengths in nil these tables may 
rcailih he nne third part more or less 
than our averages. 

Lbs per 

1 sq. inch 

Alder .— 

14000 

Ash, English. 

160(10 

• Aiu- rican (author) abt. .. 

16500 

Bin h . 

l.’OoO 

“ Amer’n bluck. 

7000 

Bay-tree. 

12000 

Beech, English. 

11500 

Bamboo . 

6000 

Box . 

20000 

Cedar, Bermuda. 

7600 

“ (tiuidaloupe . 

9500 

Chestnut. . 

13000 

“ horse. 

10000 

CypruB. 

6000 

KUler. 

10000 





Fir, or Spruce. 

10000 







Hornbeam. 

20000 

Hickory, Amer’n. 1 

11000 

Lignum Vitai, Amer’n.. 

11000 

1 since wood. s. 

23000 

l..uch, Scotch..... 

7000 



Maple. 

10000 


Mahogany, Honduras. 

“ Spanish.. 
Mangrove, white, Bermuda.... 

Mulberry. 

Oak, Aiuer’u white. 

“ “ basket . 

“ “ red. 

“ Dautzic, seasoned .. 

“ Riga . 

“ English. 

“ live, Amer’u. 

Pear. 

Pine, Amer’n, white, red, I 
and Pitch, Meiucl, Riga*. 5 

Plane. 

Plum. 

Poplar. 

Quince. 

Spruce, or Fir. 

Sycamore. 

Teak. 

Walnut . 

Yew. 

Across the groin. Oak.. 

“ “ “ Poplar. 

“ “ “ Larch,900 to 

“ u u K ir, & Pines [ 


Lbs per 
sq. inch. 


8000 

16000 

10000 

12000 


10000 


10000 

10000 

lioeo 

11000 

7000 

7000 

10000 

12000 

16000 

8000 

8000 

2300 

isno 

1700 

660 


Tiirs* are averages. The strengths vary much with the age of the tree; the 
locality of its growth; whether the piece is from the center, or from the outer por¬ 
tions of the tree; the degree of seasoning; straightness of grain; knots, Ac, Ac. Also, 
inasmuch as the constants are deduced from experiments with good specimens 01 
stiiall size, whereas large beams are almost invariably more or mss defective from 
knots, crookedness of fibre, Ac, it is advisable in practice to reduce these constants 
as recommended above. 


* Effect of Tapping Trees for Turpentine. Preliminary experi¬ 

ments by the Forestry Division of the U. S Department of Agriculture upon 
long-leal pine from Alabama indicate that (contrary to the generally received 
impression) 'turpentine timber,” i.e the timber of trees that have been 
“boxed” irobbed of their turpentine), while it has slightly less tensile and 
shearing strength, is from 20 to 30 per cent, stronger in compression (whether 
with or across the grain) and under transverse ('train. In the “ turpentine tin*, 
her,” however, the resin collects in spots, gumming 1 he tools, and thus rendering 
the timber harder to work than that of trees which have not been deprived 01 
their turpentine. The specimens tested were taken mostly at heights of from 7 
to 33 feet above ground. (Circular No. 8 . Issued 1892.) Boxed and unboxed 
Umber are frequently called “ bled*” and “ unbled ” respectively. 
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Art. 1. r«mpreMlve strengths of American woods, wAm 

thirty and cartfnlljt seasoned. Approximate averages deduced from many expert 
vents made with the D 8 Govt testing machine at Watertown, Mass, by Mr. 8. P, 
Sharpies, for the census of 1880. Seasoned woods resist crushing much better 
than green ones; in many cases, twice as well. ThiB must be allowed for when 
building bridges, Ac, of timber recently cut. Different specimens of the same wood 
vary greatly; frequently as 6 to 8,9, or more. 
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Table of safe quiescent loads for borisontal ree* 

{angular beams of white pine or spruce, one Inch broad. 

supported at both ends, and loaded at the center; together 

with their deflections under said loads. 

The safe load is here one-Bixth of the breaking load. • 

For the neat loads, deduct % the wt of the beam itself. The deflation^ 
however, are the actual ones; the wts of the beams having been introduced in cal* 
rulating them. 

Toads applied suddenly will double the deflections in the table: a 
when, for instance, if a load is held by hand, jUBt touching a beam, the hold should be 
mhhnly loosed. 

Caution. Inasmuch as this table was based upon well seasoned, straight 
'rained pieces, free from knots, and other defects, we must not in practice taka 
more than about two-thirds of the loads in the table for a safety of 6 in ordinary 
building timber of fair quality; and with these reduced loads should not reduce 
the deflections. 

Observe also that our table is for safe center loads, but it is plain that 
in practice we cannot always apply the term in its utmost strictness; otherwise 
the load would have to be sustained by a mere knife-edge, at the verj center of 
Uk oeam. Now, in the case of Rem. p. 1140, if we attempted to sustain the center 
! -ad of 6075 ft>s upon such a knife-edge, it would at once cut the beam In two. If 
we even applied it along 3 or 4 ins of the length, it would cut into it. and we should 
not have a safety of 6 against crushing the top of the beam until as in the case of 
the ends we distributed the load along full 46 ins of length, or about 82 ins for a 
lafety of 4. 

The safe load Is here % of the breakg one; and the last at 450 lbs at the 
t. nter of a beam 1 inch square, and 1 foot clear length between its supports. For 
mere temporary purposes, % part may be added to the loads in the table, thus mak¬ 
ing them equal to the % of the breakg load. But in important structures, subject 
b' vibration, % part should be deducted from the tabular loads, thus reducing 
them to <>t the breaking load. This is especially necessary if the timber is not 
»“l* o-HHoned. 

With the safe loads Jn this table a beam may bend too 

innch for many practical purposes. When this is the case, we may, by reducing 
the loads, reduce the deflections in nearly the same proportion. 

All the loads in the Table are superabundantly safe against shearing. 

Against crushing at the ends, Ac, see “ Cautions ” below the Table. 

Original 


^cptEJSpan^roiTSpa ^yTnppa^l^EpanTlinflBpay n ^BpanTSIBBpan TJTtjWTTI 

defJioad| defjloadj def|load| defjioad) deffoad] drffoftd. def. beam. 

lbs. ins. lbs. 


of 

heam.j 

ins. 

1 

2 


load 
tbs. 
19 
75 
170 
300 
469 
675 
919 
1200 
1520 
1875 
2270 
2700 
3676 
4800 
6076 
7600 
.9075 
24 110800 


.02 


ft>8. 
13 
50 
114 
200 
312 
460 
612 

.05" 

.04|1014| 


1250 
1614 
1800 
.03 2460 
.02 3200 


14050 


.0215000 

.0216050 


.06 MOO 
.05 3037 
.04 3750 
.04 4537 
.04 5400 


defjioad | defjioad 
lbs. 
6| 
26 
57 1 
1001 
166 


.221 

.19 

.17 

441 

.18 lit 


.11 


1.3 


lbs. 

8[ 

30| 

67 

120 | 

187 .60 


11470 


.10 1920 
.09 2430 
.06 8000 
.07 3630 


400| 

607 

625 

767 

900 

11226 

11600 


648 
772 
11060 
.2211872 
__ „ ,2011730 

§2600| .18E146 
.1612593 

boool .15! 


667 

076 

918 

[1200 

u518 

£876 

P700 


(Oontlnnsd on asxt pegs.) 
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Table, continued. (Original.) 


m 

m 


|8pan 20 ft. 

[Span 25 ft. 

ppan 30 ft. 

npHi 


233 

40 ft 

Wt. of 

beam. 

load 

def. 

load 

dof. 

load 

def 

load 

def. 

load 

def 

load 

def, 


Ins. 

ftw 

ins. 

ttlH. 

ins. 

lbs. 

ins. 

ft>8. 

ins. 

ft)B 





6 

lf*0 

1 4 

135 

1.8 

108 

2.9 

90 

45 

77 

fl.fi 

67 

9.2 

12 

7 

204 

1.2 

184 

16 

147 

2.6 

122 

3.9 

105 

68 

92 

7.6 

14 

S 

267 

1.0 

240 

1.3 

192 

2.1 

160 

3.2 

137 

4.6 

120 

6.4 

16 

9 

338 

.92 

304 

1.2 

243 

19 

202 

2.8 

174 

4.0 

152 

5.5 

18 

I 10 

417 

.82 

375 

1.0 

300 

1.7 

250 

2.5 

214 

3.5 

188 

4.9 

20 

! n 

606 

.74 

454 

.93 

363 

1.5 

802 

2.2 

259 

3.2 

227 

4.3 

3.9 

22 

r 12 

800 

.68 

540 

.85 

432 

1.4 

360 

2.0 

308 

2.9 

270 

24 

1 14 

817 

.68 

735 

.72 

688 

1.2 

490 

1.7 

420 

2.4 

367 

3.2 

28 

-16 

1067 

.50 

900 

.63 

768 

1.0 

640 

1.6 

648 

2.1 

480 

2.R 

32 

18 

1360 

.45 

1215 

.50 

972 

.90 

810 

1.3 

694 

1.8 

607 

2.6 

36 

20 

1666 


1600 

.50 

1200 

.79 

1000 

1.2 

867 

1 6 

750 

2.2 

40 

22 

2017 

.87 

1816 

.45 

1452 

.72 

1210 

1.1 

1037 

1.5 

907 

2.0 

44 

24 

2400 

.33 

2160 

.41 

1728 

.66 

1440 

.96 

1234 

1 3 

1080 

1.8 

48 

28 

2817 

.31 

2526 

.38 

2018 

60 

1684 

.88 

1449 

12 

1263 

1.6 

62 

28 

3207 

.28 

2940 

.35 

2352 

.55 

I960 

.81 

1680 

1 1 

1170 

1.5 

56 

30 

3760 

.28 

3375 

33 

2700 

.50 

2260 

.70 

1928 

1 

1687 

1.4 

60 

32 

4267 

.26 

3840 

30 

3072 

.45 

2500 

.71 

2194 

1 0 

19 ’O 

1.3 

64 

34 

4817 

.23 

4.vr. 

29 

3468 

.44 

2"90 

67 

2477 

.92 


12 

68 

i_!L 

5400 

.22 

4860 

.27 

3888 

.43 

3240 

.63 

2777 

.86 

2430 

1.1 

72 


White oak, and bent Southern pitch pine will bear load* % 
greater. 

For cant iron, mutt the loadn in tlie table by 4.5; and for wrought by 
3.3 For these new loads, mult the deik by .4 lor cast; and by 3 lor wrought. 

If the load is equally distributed ovei the apau, it may be twn e as 
great as the center one, and the (lefs will be 1'4 tunes those la the table. If the 
iondtt In the table lie equally distributed along this whole beam, the defs will 
be but live-eighths as great as those in the table. When more 

accuracy is teqd, half the wt of the beam itself must be deduc'ed from the center 
load; and the w hole of it from an equally distributed load. The w t of the beam, in 
the last column, supposes the wood to bo but moderately seaaoned, and thereiorc to 
weigh 26 6 llis pei cub It. 

of the foregoing table. Ex. 1. What must be the breadth 
a hor rect beam of wh pine, 18 ins deop, supported at both ends, and of 20 ft clear 
length between Its supports, to bear safely a load of 6 tons, or 11200 lbs at its center? 
Here, opposite the depth of 18 ins In the table, and in the column of 20feet lengths, 
we find that a boam 1 inch thick will bear 121.3 lbs; consequently, 11200 = 9.22 ms, 

the reqd breadth; for the strength Is in the sum** proportion hr the breadth 
Ex. 2. What will be the safe loud at the center ot a joist id white pme, 18 ft long, 
S ins broad, and 12 ins deep? Here, m tho col for 18 ft, and opposite 12 ins in depth, 
wo And the Bafe load for a breadth of 1 inch to be 600 lbs; consequently, 600 X 3 =* 
1800 lbs, the load reqd. 

Rkm. Fantiou* in the use of the above table. For instance, in 
placing very heavy loads upon short, but deep and strong beams, we must take care 
tliat the lieams rest for a sufficient dist on their supports to pievent all danger from 
ertuhivg at the ends. Thus, if we place a load of 6075 lbs at the center of a beam 
of 4 foot span, 18 ins deep, and only 1 inch thick, each end of tho beam sustains » 

tert crushing force of — 8087 lbs, and that ftldewlne of the grain, in 

which position average white pine, spruce, and hemlock crush under about 800 
8)8 per sq inch, and do not have a safety of 6 until the pressure is reduced to about 
188 8)e per sq inch. Therefore our beam, in order to have a safety of 6 against 
crushing at Its ends, must rest on each support 3037 183 = 23 sq ins ; or lor a 

safety of 4 nearly 16 sq ins. VN hen a pressure is equally distributed side- 
wise (that is, at right angles to the general direction of the fibres) over the entire 
pressed surface of a blocs or beam (to ensure which, the opposite surface must be 
supported throughout it* entire leugth) the resulting compression might readily 
escape detection unless actually measured. But when a considerable pressure is 
applied to only a portion of the surface, as of caps and sills where in contact with 
the beads and feet of posts, or at the ends of loaded joists or girders, the com¬ 
pression becomes evident to the eye, because the pressed parts sink below the 
unpressed ones, iu consequence of the bending or breaking 01 the adjacent fibres. 
Whatiuihe first case 1 especially lfslight) would be called 4‘oniprefcwion. would 



BTRENUTII OF TIMBER. 


1141 


in the second be called crnshinff ; even when neither might be so great u 
to be unsafe. 

Owing to the resistance which said adjacent fibres op|tose to bo ng lieut or 
broken, it is plain that a given pressure per sq Inch, or per sq fool. Ac. 
will cause somewhat less compression or crushing when applied to ouly a part of 
a surface, than when to the whole of it. 

The writer has noon 40 half seasoned hemlock posts, each V* ins square, 
footing at intervals of 5 ft from center to center, upon ‘-miliar 1 ? > 1 ? inch hem¬ 
lock sills, to which they were tenoned, and which rested tluoughout their entire 
length on stone steps. Each post was gradually loaded with ‘A‘2 tons or equal to 
say .'too lbs per sq inch, and their feet all crushed into the sills from >; to U inch 
Their heads crushed into the caps to the same extent In pracf !«•«* the pres¬ 
sure at the heads and feet of posts is raielv if e\er perieetly equable, and the 
same remark applies to the ends of loaded joists, girders, Ac. in which a slight 
bending will throw an excess of pressure upon the inner edges of their suppotta 



1142 


STRENGTH OF TIMBER. 

































WOODEN COLUMNS. 


1143 


WOODEN COLUMNS. 

See column* In general, pp 495 Ac, 

For steel and iron columns, sec pp 1189 Ao. 

List of Reference*. 

( 1) The Elasticity and Resistance of the Materials of Engineering; by Wm. 

H. Burr. New York, John Wiley A Sons. 

(2) Economic Designing of Timber Trestle Bridges, by A. L. Johnson, 

C E, Washington, 1896-1902. 

(3) Cambria Steel Co, Handbook, 1907. 

(4) Carnegie Steel Co, Pocket Companion, 1903. 

(5) Passaic Steel Co, Manual, 1900. 

(6) Trans Am Soc Civ Engrs; Vnl 15, July, 1880. 

(7) Trans Am .Soc Civ Engrs; Vol 54, June, 1905 

<K) Acts and Resolves of the Massachusetts Legislature; 1907. 

^9) New York Building Code; Appro\ed Oct 21, 1899; with amendments 
to April 12. 1900. 

1 10 1 The Materials of Construction; In J. B. Johnson; New York, John 
Wiley & Sons, 1900. 

Ml) "Tests of Metals, etc,” Watertown \rs°nal, year ending June 30. 1881. 
' 12; ‘‘Testa of Metals, etc," Wat pi town Aisenal, year ending June 30, 1882. 
i 13) American Architect and Building News, Apnl !), 1892, March 10, 1894. 
(14) \ in Ry Eng & M of W Assn, Comm of , Procs, Vol VII, 1906, p 694. 

I. The strengths of wooden columns mriease with the degiee of weawon- 
Asinothet eohimiis, eccentricity of loading; greatly diminishes 
the strength, and it is seldom possible t » determine closely the degree of 
crcenli icit\. 


2. 1 et all sticases l>c m pounds and all dimensions in inches, and let 
/' total load i supposed axial i on r - least rail of gyr of cross sec; 

col, /) ^ diarn, or leatt side, of cross sec; 

n - area of cross section of col , L -- length .if column ; 

P ~ P/a - in ge unit load on <s»l; A L/r -=■ length ratio, or slender- 
■' nm\ unit stress in any cross see, ness of eo], m terms of r , 

** unit st«*ss at elastic limit , k L/I) -- length ratio, or filpn- 

s, ma\ unit stiess m a shoit col; demessof col, in terms of I). 

*• VV ooden columns are nearly always solid and rectangular, and 
most frequently square, in cross section. Hence, instead of the least radius 
of gyration, r, it is convenient to use the least side, D For values of Dfr 
and of (D/r)-, see pp 2.53 a, 353 b. 

4. In Nolid square or rectangular eoliimns, 

D ~ | 12 r; D- » 12 r 2 . 

I’or the slenderness, we have k = L/T) « L/( v' 12 r; -= A'/l 12; and 
A : A’*/12 ; K 1 = 12 A 2 . 

Hence, the Rankine and at might-line formulas become, 

respectively : 


Kankine formula ; p ; 


Nlraiglit-Ilneformula; p » P/a « «„ — c K -> *, — ke j/12, 
where, as in t 2: 

p — mean unit load on column ; in, c =- coefficients; 

n *= max unit stress in cross section ; 

w, -» max unit stress in cross section for short blocks ; 

K ■» L/r «» unsupported length - least radius uf yyralian ; 
k - L/D *=- unsupported lengt h - least aide, 

F — safety factor =* ultimate load permissible load. 

ft. The table, pp 1144-5, gives vain en commonly used, with the« 
two formulas, for the coefficients in connection with wooden columnB. For 
list of authorities quoted, see above 
See diagram, Fig 1, of values of p/a. 
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WOODEN COLUMNS, 


i\ol(‘M on fabli 1 , pp 1144-5. 

where, as in * 2 - 

|* *» mean unit load on column ; hi. e ■= coefficients; 

n " max unit stress in cross section , 

** “ ma . unit stiess hi emss section for short blocks ; 

14 = L/r ** unsupported length - leu-t radius of uyratim 

k ■»* LID -- utiMippoited length least Hide. 

F »*• safety factoi - ultimate, load peimissible load. 

(a) Smith. Hat ends, hrtnlv h\e 1 For k .• 25, F — 5, for h > 25, 

F = y'k. IF — ult. pern issiole load ) 

1. (been, half-seasoned "Good n eieliantable lumber.'’ 

2. Selected, reasonably .straight, air-.seasoned under covet 2 vrsand over. 

3. Avgc stiCKs, cut iiorn 1 uui1k*i in o|a*n an seiviceM yis <»r ovci. 

CoefTs bused upon 1200 tests of full-sized columns, 1801-2 To guard 

against deterioration and defects, Mr Smith i cm mi mended the third set of 
values. 8 = 5000; 1/(12 //i) 250. 

(b) Iturr. For good avge luubei. F — ult - j ten mss load For 
railway atructuies, /•' - 8, for temporaiy btruetuios, under static loads, 
F - 4. 


(d) Forestry. 

hence p — I J /a *= 
0.5 inch to each cm 


Square columns. F *= 7. 1/(12 in) — 700 + 15 k; 

7CK) + 15 k _ .. . . . 

' • -iux , ir / , i *• To allow lor weathering, add 

<0(1 T llin T A * 

iss-sectioual dimension required by formula. 


(c) Cumbria. See note Ul) Forestry, above. 

Yellow pine Others 
F F 

Class A. Moisturo IS'*;. Freely exposed 

(tiestles, uncovered bridges, etc), 5.0 5.0 

“ H. “ 15 r I. Jtoofed, not 8ido- 

sheltered (coveted bridges, etc), 4.3 4.5 

" C. " 12*',. Fnelose<l but not heated, 3.0 4.2 

“ 1). “ 10',. I nclosed and heated, 3.2 4.0 

(f) WorccNler. k t 50 k > 10 

V P 

Long-leaf pine. .. . . 600 1000 

Spruce, white pine ... . 300 700 

White oak. 600 1000 

Hemlock. . 250 650 

For each increase of 10, m k, deduct 100 from p. Sec Columns in Ceneial 
p 4085, 1|34. 

(If) Boston. k > 30 k > 10 

V V P 

Long-leaf pine . 700 50 000 

Spruce, white pine . 100 35 630 

W'hite oak. 330 15 510 

For each increase of 5, in k, deduct y from p. 


(h) Carnegie and Pafmaio. For long posts, F « 5; for short 
posts, F « 4. F — ult + permiss load. 


6. J. B. JohiiHon. (10) for his parabolic formula (Columns : < 
General, H 28, p 408). 


P 


• 2 

- X _ Ki 

qtfE 


- 12 Cp k*, 


gives, as ultimate values; 

(101 p 367, 

k *» length -e least side; flat ends 

“ elastic limit. k > 60 

». 12 c, 

Ixmg leaf yellow pine.4000 0.8 

Short leaf yellow pine.3300 0.7 

White pine.2500 0.6 

White oak.3.500 0.S 


(10) pp 683-4. 

Partially 
Dry seasoned 

»« 12 c P t, 12 Cp 

6000 1,5 J 4.500 1.0 
3600 0.72 2500 0.5 
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FORMULAS AND EXPERIMENTS. 

7. The accompanying diagram, Fig 2, shows a comparison of formulas 
for, and experiments upon, yellow pine columns, as follows: 

p — mean unit load on column ; k — length -5- least tide. 

Formulas. 

Ultimate. 

1. Rankinc; C Shaler Smith.p « 540() 4- (1 + 0.004 fc 2 ) 

2. Rankine : C Shaler Smith. p - 8200 4- (l + 0.0033:? fc 2 ) 

3 Rankine ; C. Shaler Smith. p - 5000 4- (1 + 0.004fc 2 ) 

4. Rankinc; U. S. Division of Forestry p - 7000 X 700 i 5 fci 

5. Parabolic ; J. B. Johnson, p 367 . p ~ 4000 *- 0.8 A 2 

6. Parabolic; J. B. Johnson, p 683 . p 4500 — 1 0 A 2 , Partially 

7. Parabolic; J. B. Johnson, p 684 . p = 6000 — 1 5 A 2 , Dry. 

8. Straight-line ; Wm. 11. Burr,. fc < 20, p = 4400 - 0 

k «= 20 to 60, p *= 5800 - 70 fc 

9. Straight-line; Jaa. H Stanwnod, fc < 20. p = 4250 — 0 

fc > 20, p - 4250 - 43>/«fc 

10. Stepped ; Edward F. Ely, 

fc = 0 to 15, to 30. to 40. to 45, to 50, to 60 
p - 4,000 3,500 3,000 2,500 2,000, 1,500 


PermlMMlble. 


8 Baltimore &. Ohio R R Co, 
(fcjnn - 40) For fc < V. 

Jor fc > 1 


9. Boston building code, 



r. p - 900 -0 
7, p — 1200 - 18 fc 
. fc - 0-10 10-15 15-20 20-25 25-30 
p = 000 850 800 750 700 

„ - 30) p - 1000 - 18 fc. 


Experiment*!. 

Ultimate. 

4> Average of 12 endwise compression tests (11) pp 54 etc, on Nhort 
yellow pine blockn. from 1.5 X 1.5 ins, 3 ins long, to 10 X 10 ins, 20 
ins long ; fc from 2 to 3.75, average « 2.36; p, average, 8,105 lbs per sq 
inch; in 10 of the tests, p ranged from 7,394 to 10,250 lbs per sq inch. 
The other 2 were 

1.5 X 1.5 ins, 3 ins long, p =* 5533 ; failed at knots. 

1.5 X 1.5 ms, 3 ins long, p — 6355 ; season crack, nearly dividg s[>ec’n. 

9 Tests of yellow pine posts, 5.5 ins square, 80 to 320 ins long, at Water- 
town Arsenal, (12) pp 377-8. 

Each item is the average of from 2 to 4 tests. 

Columns, each composed of two or more sticks, bolted together, showed, 
in general, no greater strength, 111 pounds per square inch, than did the 
single sticks of which they were built up. 

^ Riga and Dantzic firs, 13 ins sq, 20 ft long. Kirkaldy. 

r. 8mith’s formulas represent his 1200 tests of full-size columns. 

The formula of the U. S. Division of Forestry closely represents the 
results of 50 tests by that Division. 
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REQUIREMENTS FOR IRON AND STEEL. 

(See also Bridge Specifications.) 

Dices! of Specifications adopted, subject to letter ballot, at 4lhAnnual 
Meeting of the iiiieriean Sort ion of the International Association 
for 'icatiiitf Materials, June 2'), 1SHH Adopted bj letter ballot, August, 
t'xcept «toigut non, on which action was dt leitcd 

I'roccHN of Mannfactnrc. 

Wrought iron; puddled, charcoal health, or rolled fiora fagots or piles made 
from wiought non M-iap, alone or with muck liar added. 

Steel eastings. Open-heaith, erneddeor Bessemer pinec'-a. 

Steel foigmgs. Ojieii-hcaith, crucible or Besstunci process. 

Steel Kails. Bessemer or o|»on-hearih. Ingots shall tie kept vertical tn pit- 
heating furnaces. No hied mgotsshall hettsed. Snilicient matoital shall Ik* dis¬ 
carded liom the tops of the ingots to insure sound rails. 

Steel Splice Bais Bcsm mer or o|Hm-heai th. 

Boiler i’late and Uivet Steil. Open-hearth. 

Structuial steel for bridges and ships. Open-liearth. 

Structural steel for buildings. Opcu-he.n tb or Bessemer, 

Teal Pieces. 

For fiat lilat™, the specimen shown in Fig..I shell be «m*1. 

Fur laigc rimmis, lest specimen us shown m l ift. K. I lie renter of file speci¬ 
men shall he hull way Imtwocii the cenlcr.aml Hie outside ..I the rotirnl. 

Whenever possible, iron shall tie tested in full size, as rolled. 

Test specimens shall be cut Irorn bai as rolled. 
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Teulf*. 

Nicking tewtw. The specimen shall be slightly and evenly nicked on one 
side, and beut back at this point throng au angle ol 180° b> a succession of 
ligliI blows. 

llol bending tests. Specimens shall he healed to a bnght icd, and bent 
by pre^Miioor by a succession of light blows and without liainniei ing on bead. 

Cold bending test*. Specimen lo be bent by piessiireor b\ a succession 
of light blows. 

Yield point. The yield point shall lie determined bj carelnl obsei vation 
of the dtop ol the beam or halt m the gage of the testing machine 

Drop ie-st**. The diop testing maeiiine foi rails shall haw a top of 2000 
pounds, the striking face of which shall haw a uiditisoi not more than .‘mis; 
and the test rail, not more than 6 f* et long, shall he placed load unwinds on 
solid supfuirts A ft apart. The anvil block shall weigh ai least 20,000 Ins, and the 
supports shall lie a part of, oi thinly secured lo, the anvil. Height ol drop from 
1.) ft for 45 tb rail to l‘j ft for 85 lb and over. One test piece shall be selected 
from every hfih blow. 

Homogeneity lewis for fire box wleel. A portion of the broken 

tensile lost specimen is either nicked or grooved jV, inch deep, in three places 
about 2 ins .ipuit and on opposite sides. It is then clumped m a vise and broken 
oil, by light hammer blows, bending away from each groove in succession. The 
specimen must not show any single seam or cavity more than % Dieh long. 

Notes to table, pp 11.12 and 1113. 


(a) To he bent flat. 

(b) h|K'eimeu to be bent about a bar of diameter equal to its own diameter or 
thickness. 

(<) Specimen to be bent about a bar twice its diameter. 

(d) I.loiig.ilion, mm, per cent, in sections less than 0.654 lbs. per linear ft, 
grade \, 19, B, 15; C, 12 

te) Nicking test. Max per cent granular Btirface, grade A, 10; It, 10; C, 15. 

(f) Hot bending test. Itar to be bent without cracking on outside of bend. 
To be bent Hat in each grade; 180° in grades A and B, and sbaiply to 90° 
in 0. (>iude A, healed yellow and suddenly quenched in water lielweeti 80° 
and 90° F, to bend Hat 180°. Also, healed bnght red, split at end, and each part 
benthaek 180°. Punched and dulled to bole al least 0.9 d mm of rod or width of bar. 

(g) Pho.splionis, pieces lor physical lest, 0.05 f ir each giade. 

In) Sulphur, pieces for physical test, 0 05 for each giade. 

( i) Bending. t>|*jeimen 1 inch X % inch to bend cold around a diam of 1 inch 
without fracture on outside of bent {Million. 

(j) Bending. Specimen 1 inch X % inch to bend cold, without fiacture on 
outside of lieu l portion, anmud a diameter of % inch. 

(k) Same, around diam of 1% ins 

(l) Same, around diam of ins if not less than 20 ins diam ; around a diam 
of 1 inch if less than 20 ins diam. 

(in) Same, aliout a diameter of 1 inch. 

(.,) •; ;; ;; “ % *; 

(o) “ “ “ '• 1 « 

(p) Deduct 1 jicr cent for each % inch in thickness above % inch, and 2 % per 

cent for each * inch below jg inch. 

(q) Bending. Bivet rounds to be tested of full size, as rolled. Plate speci¬ 
mens shall be 1% ins wide. For plates not over % inch thick, the thickness 
shall lie the same as that of the plate, and the specimen shall, where possible, 
have the natural rolled surface on two opposite sides For plates thicker than 
% inch, the specimen may be % iuch thick. Shall lie subjected to both cold and 
quenched bending tests. For tlie quenched test, the maleiial is to lie heated to 
a light cherry red (as seen in the dark) and quenched in water of temperature 
between 80° and 90° Fahr, Samples shall bend Hat without fracture on the 
outside of bent portion. Bending may be done by pressure or by blows. 

(r) For pins, the elongation shall be 5 per cent less. Center of test specimen 
1 inch from Mirfnce. 

(s) Eye-bars shall be of medium steel Full-sized testa shall show 12% per 
cent elongation in 15 It of body. Min tensile si length, 55,000 ft*, per sq in. 
At least %of eye-bars tested shall break in the body. 

(t) Same as (q) but omitting quenching test. 

(u) See Homogeneity Test, in text, above. 
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IRON AND STEEL. 


Requirements for 


Metal. 

Allowable percentage of 

Carbon. 

Phos¬ 

phorus. 

Sul¬ 

phur. 

Mangan¬ 

ese. 

Nickel. 

Wrought Iron. 

Max. 

Max. 

Max. 

Max Min. 

Max.Min. 













1 J 




— 

Stkrl Castings. 


008 g 

0 08 g 
0.08 g 

0.10 

0.06 

0.04 

0.04 

0.05 h!. 


0 40 
0.40 

0.05 h 
0.051) 









Strki. Forgings. 

0 10 

0 06 
0.04 

0 04 


400 300 
4.00 3.00 





::::::::::::::: 







. 







0.10 

0.10 

0.10 

0.10 

0 10 


1.00 0 70 

1 00 0 70 
1.05 0 75 
1.10 0 80 

Stkrl Rails. 

50 to 59 lt». per yard.... 
60 to 69 “ “ “ .... 

Max. Miu 
0 45 0 35 
0 48 0 38 
0.30 0 40 
0.53 0.43 
0.55 0.45 

Max. 

0.15 

0 20 

0 20 

0 20 
0.20 

0 20 





flOtolOO “ “ “ .... 



— 


0.10 


0.60 0.30 




Open Hkarth Boiler 
Plate and Rivet Steel. 


acid basic 
0.06 0.04 
0.04 0.03 

0.04 0.04 

0.05 

0.04 

0.04 




0.50 0.30 

0.50 0.30 


Extra Soft Steel for 






_ 

Structural Steel for 
Bridorb and Ships. 


acid basic 

006 

0.06 

0.06 

















8tru<?tural Steel for 
Buildings. 


Max. 

0.10 

0.10 























































Iron and Steel. 


Strength, lbs. per sq. in. 


IRON AND STEEL. 


Elastic Limit Co "' 


See notes, p. 1151 


and { 
Yield Point, j 
lbs. per sq. in. j. 


Yield Point. 
Min. 
25,000 
25.000 
25,000 


85.000 I 38.250 
70,000 j 31,500 
60,000 27,000 


I Average. 
.. 58,000 

J 75,000 
.. 75,000 


, tiou. 'traction 
j Per- |of Area. 
! centage Per- 
jiu Sins, centage 


Average. 

29,000 

87.500 

37.500 

Elastic Limit 


Avge. Avge. 
28 35 


21.5 42.5 

24.5 42.5 


Cold Bending I 
Tests. j 

Angle 

How 

of Bend. 

Bent. 

o 


180 

a 

180 

b 

180 

c 

90 

i 

i 

120 

1 

180 

180 


180 

1 

180 

m 

180 

n 

180 

o 


See Prop Test, in text, above. 
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IRON AND STEEL. 


Digest of 

“ Mftnuractiirers' Standard Sneclfications*' for Steel, 
as adopted by the Association of American Steel Manufac¬ 
turers, aug U, 1890, and revised to Feb 6, 1903. In effect July 31, 1908 

Words In parentheses, in Roman type, as (May be 0|>en»lieartlft 
or Bessemer), apply only to structural steel. Words m parentheses, in 
italics, as {four), (two), to be substituted for the preceding wools (I'wo), 
(one), for .special open-hearth plate and rivet steel. Otheiwise, and except 
whero especially stated, the provisions apply to both steels. 


(May be open-hearth or Bessemer.) 

“ Tests and Inspections shall be made at the place of manufacture 
prior to shipment." 


Test pieces. 

Ntandard test piece for sheared plates. See Fig J, pH50. 

Test pieces from other material, either as above or planed or 
turned parallel thruoul length of piece. 

In all cases two opposite sides of test piece to be rolled surfaces if 
possible. 

*• Rivet rounds and small bars shall be tested of full size as 
rolled.” 

‘•Two (four) test pieces shall be taken from each melt (or blow) of 
finished material, one (two) for tension and one (two) for bending; but. in 
case either test develops flaws, or the tensile test piece breaks outside of the 
middle thud of its gaged length, it may be discarded and anothoi test piece 
substituted therefor." 

“When mateiial is to be annealed or otherwise treated before 
use, the specimen representing such material shall be similarly ticated before 
testing.” Otherwise, the material “shall be tested in the condition in which 
it copies from the rolls." 

“Every finished piece of steel shall be stamped with the (blow or) 
melt number, (and steel for pins shall have the blow or melt number stamped 
on the ends). Rivet (and lacing) steel, (ami small pieces tor pin plates 
and stiffeners), may be shipped in bundles securely wired together, with 
the (blow or) melt number on a metal tag; attached.” 


Maximum phosphorus and sulphur, per cent 


Structural Phosphorus Sulphur 

for buildings, train sheds, highway bridges, etc. 0.10 

for railway bridges. 0.08 

Special 

flange or boiler steel. 0.06 0 04 

extra soft and fire box steel. 0 04 0.04 


Mechanical Properties. 



| Structural Steel 

j Special Steel 

Bending test \ 

180° without fracture on 
outside of bent portion 
to a diam —. 

Rivet 

Aj 

Me¬ 

dium 

| Extra 
soft* 

Fire 

box 

Flange 
or boiler 

0 

t 

t 

Of 

1 ot 

ot 

Ult tensile strength in : 
thousands of lbs per sq 
in...; 

48 to 58 

55 to 65 

60 to 70 

45 to 55 

52 to 62 

55 to 65 

Elongation (for deductions 
etc see below) . 

1,400,000 4- ult strength 

28% 

26% 

25% 


Elastic Limit. 


Not less than half the ultimate strength 


•Boiler rivets to be of “extra soft" steel. 

\l -thickness of test piece. 


fCold or quench bends. 
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Elongation, in rounds % in or less, measured in a length — 8 X diam 
of section tested; in other cases, measured in length o* 8 ins. From the 
specified elongations; deduction* to lie made as follows on account of 
thickness: tor each increase of Vs inch above % inch, 1%, (min 
20% for eye-bar material, 18% for other structural material): tor each 
decrease of Vi« inch below r, A« inch, 2.5%: (for pins, 5%; elongation 
measured “ on a test piece, the center of winch shall be one inch from the 
suifaee of the bar.”) 

Percentage or allowed variation in weight or cro** *ec- 
tion ot sheared plate*. 


When ordered to weight. 


Weight per sq ft. 

< 12.5 lbs 

< 12 

.5 lbs 

Width, ins . 

„ 1 
< 75 

75 to 100 !< 100 

< 100 ! 

< 100 

Variation, %. 

± 2.5 

+ 5, —31 + 10, — 3 

± 2.5 

± 5 


When ordered to gage, percentage of excess in rectangular plates. 
(Dates > 0.01 inch light, considered up to gage.) 

1 cu m rolled steel assumed = 0.2833 lb 






Width, 

ins. 

100 to 115 

> 115 

ms. 

<50 

50 to 70 

>70 

<75 75 to 100 

Vh tO % 2 

10 

15 

20 






8.5 

12.5 

17 






7 

10 

15 



18 


V4 




.10 

14 


Via 




. 8 

12 

16 

IV 

% 





10 

13 





. 6 

8 

10 

13 

Vo 





7 

9 

12 

o/io 




. 4.5 

6.5 

8.5 

11 

% 

|. 



. 4 

6 

8 

10 

>% 

1 . 



. 3.5 

5 

6.5 

9 


In other eases, a variation >2.5% in weight or cross section will be 
sufficient cause for rejection. 
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IRON AND STEEL. 


Iron is weakened by extreme cold. 

The belief (originating with StyfF of Sweden) is gaining ground that iron and 
iteel are not rendered more brittle by interne cold, but that the great number ol 
breakages of rails, wheels, axles, Ac, in winter, is owing to the more severe blows 
incident to the frozen and unyielding nature of the earth at that period of the year, 
But Sandlierg's experiments show conclusively that although these metals may per 
baps bear as much steady force, gradually applied, in winter as in summer, yet their 
resistance to impulse, or sudden force , is not more than % or % as great in severe 
cold; which renders them less flexible and less stretchy. It is probable that this 
fact does not receive as much attention as it Bhould, in proportioning iron bridges, Ac. 

Some experiments with good wrought iron showed that even at ‘23° Fah, or only 
IP colder than freezing point, there was a loss of strength «f from 2}^ to 4 per 
tent. 

Malleable Fast Iron. Experiments by Mr. J) L. Barnes, of Chicago, on 
i large number of samples of a single make of “malleable” cast iron, gave in 
most cases tensile streng'hs ranging fioni 2KMX) to 32000 lbs. per satiate inch, 
with an average of atioiit 28000 lbs. The higher figures were obtained generally 
with the sui'illesf bars 'about 3 X % inch) and the lower with the largest bars 
(about 3 X 1 inch) Pieces plaued on all four sides averaged only about 24000 lbs. 

E r square'inch. This may explain the diff'eirence in favor of the smaller sections, 
which the original “shell’’forms a larger portion of the whole cross section. 

CAST IRON. 

Tensile strength.... 14,000 to 20,000 lbs * per sq inch 

Compressive strength (average about 100,000)— 00,000 to 130,000 “ ** 44 

Transverse strength, bar 1 in sq, 1 ft span, 
center load 2500 ms. Deflection, minimum, 

0.15 inch. 

Elastic limit-.about 6,000 lbs per sq inch 

Modulus of Elasticity. « 15,000,000 “ 44 44 

Specification**. 

Tensile strength. 

Bureau of Water, Philadelphia. 16,000 to 20,000 lbs per sq inch 

Water Department, St Louis, Mo. 18,000 44 44 44 

Transverse strength. 

Bureau of Water, Philadelphia. 

1 In sq, 56 ins span, center load 500 lbs. 

1 in sq, 36 Ins spun, “ 44 750 lbs. Deflection, minimum, 0.4 to&6 in. 

Water Department. St. Louis, Mo. 

3 in X % in (laid flat) 18 ins span, center 
load 1000 to 1250 lbs. Minimum deflection 0.3 to % inch. 

Weight of Cast Iron. 

Assuming 450 lbs per cub ft, specific gravity 7.2, a cub inch weighs 
D.2604+ lbs; aud a pound eontaius 3.83995+ cub ins. 

Table, page 875: D = thickness or diameter, in inches. 

Wt of plate, 1 ft square, in lbs - 37.5 D (Exact) Log W = 1.574 0313 + Log D 

44 “ sq bar, 1 ft long, in tbs - 3.125 D* (Exact) Log W = 0.494 8500 + 2LogD 

44 “ rd bar, 1 ft long, in tbs = 2.45437 D* Log W = 0.389 9400 + 2 LogD 

44 “ball, iu tbs = 0.136354 D 3 Log W = 1.134 6551+8 Log D 

Weight of a spherical shell = weight of ball having outer diam of 
shell minus weight of ball having its inner diam. 

Weight of pattern. A casting weighs 20 X weight of pattern of per¬ 
fectly ary white pine. If not perfectly dry, although well seasoned, for 20, 
substitute 19 or 18. 

For lead, at 700 lbs per cub ft, multiply weight of cast iron by 1.555—; 

For copper, at550tt»s, multiply by 1.222-; 

For brass, at 500 lbs, multiply by 1.111-; 

For wrought iron, at 485 lbs, multiply by 1.0777—; 

For tin, at 460 tbs, multiply by 1.022-; 

Zinc, at 450 ttw = cast iron. 


•High grade irons may reach 30,000 to 40,000 lbs per sq inch, tensile. 
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TABLE OF WEIGHT OF CAST IROJT. 

At450 ft)s i«r cubic foot; specific gravity, 7.2. 

D = Thickness or diameter, in inches. Kor equivalents in feet, see p 221. 

I Weights, in pounds. 1 1 Weights, in pounds. 


WeightN, in pounds. | 

Plate 

1 ft sq. 

Square 

bar 

1 ft long 

Round 
bar 
ft long 

Ball. 

1.172 

0 0031 

0.0024 


2 344 

0.0122 

0.0096 


3.516 

0 0275 

0.0216 

0.0001 

4.088 

0 0488 

0 0383 

0.0003 

5 859 

0.0763 

0.0599 

0.(KH)5 

7.031 

0.1099 

0 0863 

0.0009 

8.203 

0.1495 

0.1174 

0.0014 

9 375 

0.1953 

0.1534 

0.0021 

10.55 

0.2472 

0.1941 

0.0030 

11.72 

0.3052 

0 2397 

0.0042 

12 89 

0.3693 

0 2900 

0.0055 

14 06 

0.4394 

0.3451 

0 0072 

15.23 

0.5137 

0.4051 

0.0091 

16.41 

0 5982 

0.4698 

0.0114 

17.58 

0.C866 

0.5393 

0.0140 

18.75 

0.7812 

0.6136 

0 0170 

21.09 

0.9838 

0 7766 

0.0243 

23 44 

1 221 

0 9587 

0.0333 

25.78 

1.477 

1.160 

0.0443 

28.12 

1.758 

1.381 

0.0575 

30 47 

2.063 

1 620 

0.0731 

32 81 

2.393 

1.879 

0.0913 

35.16 

2 747 

2.157 

0.1124 

37.50 

3.125 

2.454 

0.1363 

39 84 

3.528 

2.771 

0.1636 

42 19 

3.955 

3.106 

0.1941 

44.53 

4.407 

3.461 

0.2283 

46.88 

4.883 

3.835 

0.2663 

49.22 

5.383 

4.228 

0.3083 

51.56 

5.908 

4.640 

0.3545 

53.91 

6 458 

5.072 

0.4050 

56.25 

7.031 

5.522 

0.4602 

58.59 

7 629 

5.992 

0.5202 

60.94 

8.252 

6.481 

0.5851 

63.28 

8.899 

6.989 

0 6552 

65.62 

9.570 

7.517 

0 7308 

67.97 

10 27 

8.063 

0.8119 

70.31 

10 99 

8.629 

0.8988 

72 66 

11.73 

9.213 

0.9917 

75.00 

12.50 

9.818 

1.091 

79.69 

14.11 

11.08 

1.308 

84.38 

15.82 

12.43 

1.553 

89.06 

17.63 

13.84 

1.827 

93.75 

19.53 

15.34 

2.131 

98 44 

21.53 

16.91 

2.466 

103.1 

23.63 

18.56 

2.836 

107.8 

25.83 

20.29 

3.240 

112.5 

28.12 

22.09 

3.682 


Plate 

1 ftsq 

Sc n are 
bar 

ft long 1 

117.2 

30.52 

121.9 

33.01 

126.6 

35 60 

131.2 

38.28 

135.9 

41.06 

140.6 

48.94 

145 3 

46 92 

150 0 

50.00 

154.7 

53.17 

159.4 

56.45 

164.1 

59.81 

168.8 

63.28 * 

173.4 

66.84 

178.1 

70.51 

182 8 

74.27 

187.5 

78.12 

192.2 

82.08 

196.9 

86.13 

201.6 

90.28 

206.2 

94.53 

210.9 

98.88 

215.6 

103.3 

220.3 

107.9 

225.0 

112.5 

234 4 

122.1 

243.8 

132 0 

253.1 

142.4 

262.5 

153.1 

271.9 

164.3 

281.2 

175.8 

290.6 

187.7 

300.0 

200.0 

309.4 

212.7 

318.8 

225.8 

328.1 

239.3 

387.5 

253.1 

346.9 

267.4 

356 2 

282.0 

365.6 

297.1 

375 0 

312.5 

384.4 

328.3 

393.8 

344.5 

403.1 

361.1 

412.5 

378.1 

421 9 

395.5 

431.2 

413.3 

440 6 

431.5• 

450.0 

450.0 


23.97 4.161 

25.92 4.681 


32 25 6.495 
34.51 7.191 
36.85 7.934 
39.27 8.727 


49.70 12.43 

52 50 13.49 

55.38 14.61 

58.33 15 80 

61.36 17.04 

64 47 18.35 

67.65 19.73 

70.91 21.17 

74.24 22.69 

77.66 24.27 

81.15 25.92 

84.71 27.65 

88 36 29.45 

95.87 33 29 

108 7 87.45 

111.8 41.94 

120.3 46.77 

129.0 51.96 

138.1 57.52 

147.4 63.47 

157.1 69.81 

167.0 76 57 

177.3 83.74 


210.0 107.9 

221.5 116.9 

233.3 126.4 

245.4 136.8 

257.9 146.8 

270.6 157.9 

283.6 169.4 

297.0 181.5 

310.6 194.1 

324 6 207.4 

338.9 221.2 
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WEIGHT OP CAST-IRON PIPES. 


WEIGHT OP CART-IRON PIPES per running root. 

Assuming th« weight of rawt-iriiti »t 450 lbs [)or culi ft, or 2604 ft per cut. inch. No 
allowance ih here made for the spigot and taucet-joiiits used in water-pipes. As 
these arc now commonly made, they add to the weight of 

each length or section of pipe of any size, about as much as that of 8 inches in 
length of the plain pipe as given in the table. 

Fop lead-pipe mult by i.tt. copper, tnnlt by 1.2; brns«,adc 1-7tn i 
Welded Iron, mult by l.Utki«,oi add one fitteeuth part. 


i||| THICKNESS OF PIPE IN INCHES. 

- ' JlJ JL 1 J1J _*_■ JLJ iJJLil-'—+— 1 iJA’JMJ-i 


— 





Vt in 

Wt in 

W't, in 

Wl ill 

V t iu 

Wi lu Wl In Wt In 



Lbs 

Lbs 

Lbs 

Lbs 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs I 









16 2 

19 7 

2.3 5 

27 7 

82 1 

.36 9 

47 4 

591 







18 3 

22 2 

26 3 

30.8 










16 6 

20.5 

21 6 

29 1 

33 8 

38 9 









18 5 

22 6 

27 t 

.31 8 

36 4 

42 3j 









20 :i 

21 8 

29 5 

34 6 



51 7| 

64 6! 








26 9 

32 0 

87.4 



5«> 4 








21 0 

24 1 

31 5 

40 1 

46 1 











31 2 

36 9 

42 9 

49 2 











33 l 

39 4 

45 7 

52 3 










rift 

35 ft 

41 8 

48 4 

55 4 



Wi 1 









44 3 

51 2 


(>;> 9 










34 8 

46 H 

54 0 

61 5 











42 0 

49 2 

56 7 

64 6 

72 7 









36 9 

44 1 

61.7 

59 ft 

67 7 










38 8 

46 3 

61 1 

62 .7 





128. 






40 6 

48 5 

56 8 

65 0 

7.4 8 











50 6 

59 1 

67 H 






* 






52 8 

61.5 

70 6 

80 0 




143. 







519 

IH 0 

73 3 

83.0 










48 0 

57 1 

66 4 

76 1 

86 1 










49 8 

59 2 

68 9 

78 9 












615 

73 8 

84.4 











57 2 

67 8 

78 7 

89 4 

102. 

114. 

126 

151. 







60 9 

72 1 

at 7 

95 5 

108 










64 « 

76 l 

88 6 

101. 

114. 










68 .1 

80 7 

93 5 

107. 

120. 

134. 

148 

ill. 

207. 




46 8 

59 2 

72 0 

85.1 

98 4 

112. 

1'26 

140 

155 

185. 

217. 







H9 3 

103. 

118. 

132. 










79 4 

93 6 


128. 

138. 

154. 

170 








at o 

97 9 

113 2 

129. 

145. 

161. 

177. 








86 7 

102. 

118. 

134. 

151. 

168 

185. 






59 1 


904 

107. 

123. 

HO. 

157. 









77 7 

94 l 

111. 

128. 

145. 

163. 

181. 







66 4 

83.8 

102. 

I '20. 

138. 

156. 

17ft. 








71 4 

89 4 

109. 

1'28. 

148. 

168. 





314. 







137. 

158 

179. 

200. 











145. 

167. 

190. 

212 








86 1 

108. 

131. 

151. 

177. 

201. 

225. 




378. 




91.0 



101. 

187. 

212. 








71 ft 

960 

121. 

146. 

171 

197. 

223. 












180. 

207. 

234. 




•Sift. 








188. 


245. 

271. 










168. 

196 

227. 

256 

286. 




471. 




116. 



206 

236. 

267. 

298. 











214. 

246. 

278. 

311. 











223. 

256. 

289. 












231. 

266. 

300. 

335. 










205. 

240. 

276. 

311. 

348. 











214 

286. 

323. 

.760. 


*36 

512 

&90. 





182. 

220. 

257. 

245 

.734. 

872. 




609. 







266 

305. 

345 












275 

3.5. 

356. 

397. 



564 








283 

325 

367. 

409. 



ftsl 







249. 

292. 

3.35 

378 



509. 









300. 

1 345. 

889 




616. 







264. 

309. 

1 .354. 

400 












318. 

.364. 




554. 








315. 

370. 

i 423. 

478 






48. 

ii a. 

ITS. 

m. 

298. 

359. 

422 

482. 

544. 



7.43. 




Fop warming' building* by steam it usually suffices to allow 1 sq fit 
of cast or wrought pipe surlace lor each 120 cub ft of space to be warmed; aud 1 cuD 
ft of boiler lor each 2000 cub ft of such space. 
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Table of Weight of WROUGHT IRON and STEEL. 

At 485 tbs per cubic foot; specific gravity, 7.76. Sec page 1161 . 


D ■= Thickness oi diameter, in inches. For equivalents in feet, see p 221. 


D 

Weight* 

, in pounds. 


Weight*, in pounds. 

Plate 

l ft MJ. 

Sun are 
liar 

1 ft long 

Round 

bur 

1 ft long 

Ball. 

Plate 
lft sq 

Square 

bar 

1 ft long 

Round 

bar 

1 tt long 

Ball. 

1/32 

1 203 

0 0033 

0.0026 


■6% 

126.3 

32.89 

25.83 

4.485 

1/16 

2.526 

0 0132 

0.0103 


tl 

131.4 

35.57 

27.94 

5.045 

3/32 

3.789 

0.0296 

0 0232 

0.0001 


136 4 

38.36 

30 13 

5 650 

1/8 

5.952 

0.0526 

0 0413 

0.0003 

k 

141.5 

41.26 

32.40 

6 301 

6/32 

6.315 

0 0822 

0 0046 

0.01106 


146.5 

44.26 

34.76 

7.000 

3/16 

7 578 

0.1184 

0 0930 

0 0010 I 


151.6 

47.36 

37.20 

7.750 

7/32 

8.841 

0.1612 

0.1266 

0 0015 

it 

156.6 

50.57 

39.72 

8.551 

1/4 

10.10 

0.2105 

0.1653_ 

0.0023 1 

4 

161.7 

53.89 

42.32 

9.406 

9/32 

11.37 

0 2664 

0.2052 

0.0033 1 

% 

166.7 

j 57.31 

45 01 

10.32 

6/16 

12.63 

0.3289 

0.2583 

0 0045 

ii 

171.8 

GO 84 

47.78 

11.28 

11/32 

13 89 

0.3980 

0 3126 

O.UOOO 1 

% 

176 8 

64 47 

60 63 

12.31 

3/8 

15.16 

0 4736 

0.3720 

0 0077 ! 


181 9 

68.20 

53.57 

13 39 

13/32 

16 42 

0.5558 

0?366 

0 0099 | 

% 

186.9 

72.04 

56 68 

14.54 

7/16 

17.68 

0.6447 

0.5063 

0 0123 i 


192 0 

75.99 

59.68 

15.75 

15132 

18 93 

0.7400 

0 5812 

0 0151 I 


197 0 

80 04 

62.87 

17.03 

1/2 

20 21 1 

0,8420 

0 6613 

0 0184 1 

5 

202.1 1 

84.20 

66.13 

18.37 

9/16 

22 73 

1 066 

0 8^t 

0 0261 • 

% 

207 1 

88.46 

69.48 

19.78 

5/8 

2 ">.26 

1.316 

1 033 

0 0359 . 

% 

212.2 

92.83 

72.91 

21.27 

11/16 

27.79 

1 592 

1.250 

0.0478 

217.2 

97.31 

76.42 

22.82 

3/4 

30.1 

1 895 

1.488 

0.0620 I 

\ 

222.3 

101.9 

80.02 

24.45 

13/16 

32 84 

2 223 

1.746 

0 0788 : 

% 

227.3 

106.6 

83.70 

26.16 

7/8 

35 36 

2.679 

2 025 

0 0985 : 


2.i2.4 

111.4 

87.46 

27.94 

16/16 

37.89 

2 900 

2.325 

0 1211 


237 5 

116.3 

91 30 

29.80 

1. 

40.42 

3 368 

2 645 

0 1470 

6 

242 fi 

121.3 

95.23 

31.74 

1/16 

42.94 

3.802 

2 986 

0 17i.-3 

H 

252 6 

131.6 

103.3 

35.88 

1/8 

45.47 

4 263 

3 348 

0 2092 

l A 

262 7 

142.3 

111.8 

40.36 

3/16 

47.99 

4 750 

3.730 

0 2461 

% 

272.8 

153.5 

120.5 

45.20 

1/4 

50 52 

5 263 

4 133 

0 2870 

7 

282 9 

165.0 

129.6 

50 41 

6/16 

63 05 

5 802 

4 557 

0.3123 


293.0 

177.0 

139 0 

56 00 

8/8 

55.57 

6 368 

5 001 

0.3820 

lit 

303 1 

189 5 

148.8 

62 00 

7/16 

58.10 

6 960 

5 466 

0 4..05 

it 

313.2 

202 3 

158 9 

68.41 

1/2 

60.63 

7 578 

5.952 

0 4960 

8 

323.3 

215.6 

169 3 

75.24 

9/16 

63.15 

8 223 

6 458 

0 5606 

H 

333.4 

229 2 

180.0 

82.62 

5.'8 

OS 68 

8.894 

6 -.85 

0 6 06 


343 5 

243 3 

191 1 

90 25 

11/16 

68 20 

9.591 

7.533 

0 7062 

% 

353.6 

2 -7 9 

202 5 

98.45 

3/4 

70.73 

10 31 

8 101 

0 7876 

9. 

363.7 

272.8 

214.3 

107.J 

13/16 

73 26 

11.06 

8 690 

0 8750 

i H 

373 9 

288 2 

! 226 3 

116.3 

7/8 

75 78 

11 84 

9 300 

0 9687 

y. 

584 0 

304.0 

i 238.7 

126.0 

15/16 

78.31 

12 61 

9.930 

1 069 

% 

394.1 

320.2 

. 251 5 

136.2 

2. 

80.83 

13 47 

10.58 

1 176 

! 10 

404 2 

336.8 

264 6 

147.0 

1/8 

85.89 

15 21 

11 95 

1.410 

’4 

414 3 

353.9 

277.9 

158.3 

1/4 

90 94 

17 05 

13 39 

1.674 

I * 

424.4 

371.3 

1 291.6 

170.1 

3/8 

95.99 

19 00 

14.92 

1.969 

‘4 

434 5 

389.2 

805.7 

182.6 

1/2 

101 0 

21.05 

16.53 

2 296 

, 11. 

444 6 

407.5 

320 1 

195.6 

5/8 

106.1 

23 21 

18.23 

2 658 

ii 

454 7 

426.3 

334.8 

209.2 

3/4 

111 1 

25 47 

20 00 

3 056 


464.8 

445.4 

349.8 

223.5 

7/8 

116.2 

27.84 

21.86 

3.492 

% 

474.9 

465 0. 

365.2 

238.4 

& 

121.3 

30.31 

23.81 

3.968 

12. 

485.0 

485.0 

380.9 

253.8 
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WEIGHT OF FLAT IRON. 
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Weight of 1 ft In length of FLAT ROLLED IRON, at 480 lbs 
per cubic foot— (Continued.) 


f £ 
*2 

1-16 | 

* ! 

3 16 I 

thick: 

a i 5-i« | 

NE88 

1 * 1 

IN INCHES 

7-16 j « j 

* 

* 

x 

1 

10* 

2 162 

4.323 

6.486 

8 646 

10.81 

12 97 

15.13 

17 29 

21.62 

25,94 

30 

26 

84.58 

X 

2 188 

4.376 1 

6 564 | 

8.750 

10.94 

13 13 

15.31 

17 50 

21.88 

26.26 

30 

62 

36.00 


2 214 

4 427 

6 642 ! 

8.854 

11.07 

13.28 

15 50 

17 71 

22.14 

26.56 

81 

00 

35.42 

* 

2.239 

4 479 

6 717 

8.958 

11 20 

13.43 

15 67 

17.92 

22.40 

26 86 

31 

34 

36.88 


2.266 

4.631 

6 798 1 

9 062 

11.33 

13 59 

15.86 

18.12 

22.66 

27 18 


72 



2 281 

4 583 

6 873 

9 1G6 

11.46 

13 75 

16 04 

18 33 

22.90 

27 50 

82 

08 

86.66' 

* 

2 1118 

4.636 

6.954 i 

9 271 

11.59 

13.91 

16.22 

18 54 

23.18 

27.82 

82 

44 

37 08 

y* 

2.1144 

4.688 

7 032 

9 375 

11 72 

14.06 

15 40 

18 75 

23.44 

28 12 

32 

80 

37.60 

% 

2 370 

4 740 

7.110 

9.479 

11.85 

14.22 

16.59 

18 96 

23 70 

28.44 

33, 

.18 

37.92 

x 

2.305 

4 791 

7 185 

9 582 

11 97 

14 37 

16.76 

19 16 1 

23.94 

28.74 

83.52 

38.33 


2 422 

4 844 

7 2b6 

9 688 

i2u : 

11.53 I 

16 95 

19.37 i 

24 22 

29 06 

33 

90 

88.76 

% 

2.118 

4 896 

7 341 

9 792 

12 24 

14 68 

17 It 

19 58 

24.48 

29 36 

34 

2H 

39.16 

M 

2 474 

4 918 

7 422 

9 8'Mi 

12 37 

14 84 

17 32 

19 79 

24.74 

29.68 

34 

64 

39.58 

12. 

2.300 

5.000 

7.500 

i 10.00 

12.50 

15.00 

17 50 

20.00 

25.00 

30 00 

35 

.00 

40.06 


Weight of Wrought Iron and Steel. 

Amumlng 485 Ibs. per cub ft,* specific gravity, 7.76; a cubic inch 
weighs 0.28067 fi>s; and a pound contains 3.6629 cubic inches. 


Table, page 1159 1 I> - thickness or diameter, in inches. 

Wt. of plate, 1 ft square, in ibs, 40.4167 D; Log W -= 1.606 6605 + Log D 

“ “ sq bar, 1 ft long, in lbs, = 3.36806 \) n -; Log W = 0.527 3792 + 2 lx»g D 

“ “ rd bar, 1 ft long, in lbs, = 2.64627 1)2 ; ]*>g W -• 0.422 4693 + 2 Log 1) 

“ “ ball, in Ibs, - 0.146959 D»; Log W = 1.167 1966 + 3 Log D 


Weight of a — (weight of ball having) __ / weight of ball having 
spherical shell “ \ outer diameter of shell J \ innei diameter of shell. 


Weights of equal masses. 


For lead. 
For copper, 
For brass. 
For tin. 

For sine or 
cast iron. 


at 700 tbs per cub ft: weight 1.44 X 
“ 650 “ “ “ “ = 1.13 X 

“ 600 “ “ “ “ 1.03 X 

“ 460 “ “ “ “ = 0.948 X 


* 450 1 


: 0.928 X 


weight 

of 

wrought 

iron 


♦Very pure soft wrought iron weighs from 488 to 492 ft* per cubic foot; average 
rolled iron about 480. At 480 lbs, a bar 1 inch square weighs exactly 10 ft* per 
yard *» 3% Ibs per foot. 
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SHEET-IRON. 


Weitfhtff pur square foot of galvanized slice! iron. Standard um 
adopted by the American Galvanized Iron Ass’n, at Pittsburgh, April, 1884. 


No. 

Ounces 
avoir 
per sq ft ( 

8qft 

2240 fts 

No. 

Ounces 

per sq ft. 

Sq ft 
per 

2240 ttm. 

No. 

Ounces 
avoir 
per sq ft. 

Sq ft 
per 

*2240 lbs. 

29 

12 1 

2987 

24 

17 

2108 

19 

33 

1086 

28 

13 

2757 

23 

19 

1886 

18 

38 

943 

27 

14 

2560 

22 

21 

1706 

17 

43 

833 

26 

15 1 

2389 

21 

24 

1493 

16 

48 

7-16 

25 

16 ! 

2240 

20 

28 

1280 

14 

60 

597 


The Kalvanizlng; simply a thin tilm of zinc on both sides of the 

iheet, an in wlmt is known ** “ thiued plate*,” or •• tin , ” which are in reality sheet irnu similarly 
eoaieil with tin. Zinc like tin, resist* oorroslou from ordinal y atmospheric iuflueuccs. much better 
than iron . and lienee the use of these metal* as a protection to the iron. A wall galvanized roof, 
of a good pitch, will suffer hut little from 5 to 6 tears exposure without belug painted. It will then 
take paint readily, and should lie painted It 1* better, however, always to paint tin ones at ouoe. 

Paint does not adhere well to now stinc. and this is tin- principal 

reason why new galvanized roof* are not painted ; hut this may he lemedied by Aral brushing the 
sine over with tho following Oue pai t of chloride of copper, 1 part uilrute of topper, 1 part of sal- 
ammoniac Dissolve in 64 pirtaof water. Then add I p.m of commercial hydrochloric acid. When 
brushed with this solution, the zinc turns black , dries within 12 to 24 hour*, and may then be painted. 

Paint of some mineral oxide of a browu color is generally used, one coat being applied to both 
•Ides in the shop: and the other after iieing pul on the roof. Repainting every 8 or 4 years will suffice 
afterward Ungalvanized iron (called black iron, for distinction) is also very enduring for roofs, If 
welt painted every 1 or 2 tears. The chief advuulageof galvanised roofing is that it does Dot require 
painting so often as the black. The gal\ amziug add* about % of a Jb jier squure foot of surface, or 
about % Jb per sq ft of sheet as oonted on both sides; without regard to the thickness of the sheet. 
Palm for roofs should not have much dryer. See Painting. 

Tl»« HulpliurotiH fumes from coal are very corrosive of 

MTHKii galvanizkd or nLACK ikon , us may be seen in shops, railroad bridge*, or engine houses, 
roofed with either, if efficient meaus are not provided (or oarrylog oil the smoke; and the same with 
Other metals The acid of oak timrkk is said to destroy the ziuo of galvanized iron 

Flat lion is usually nailed upon a sheeting of boards; but the strength of corrugated iron 
obviate* the necessity for tbiR.and enable* it to stretch 5 oi 6 ft from purlin to purlin, without Inter* 
mediate mpport. The coirugated sheets are riveted together on the roof, by rivets of galvanized 
wire about one eighth inch thick, 800 to a pound, well driven f*o as to exclude tain) 8 or 4 inches 
apart, all aiound the edge*. The rivet hole* are first punched bv machinery, so as to insure coinci¬ 
dence in the several sheets; and the rivet* are driven bv two men, one above, and one Iwueath the 
roof. For black iron, uugalvamzed nails, boiled lu linseed oil Rt> a partial preservative from rust, are 
lommonlv used: as also iu shingling or slating. Galvanized ones, however, would lie better in all 
these cases, or even copper one* for (dating because good elate endures much longer than either 
Shingle* or iron, and therefore it becomes true economy to use durable metal* for fastening it. In 
none of these cases, however, are the nails fully exposed to the weather 
Tlie sheet* of flat iron are put together by overlapping and 
bolding thk KDGKs, much the same a* shown by theflgfpaffel808.nead Tin , the joints wuich run 
Up and down the roof being the same as at * a, and the horizontal ones us att t ; 
except that mamiuch a* these are n. t soldered in the iron sheet* the joint i* made 
about to 1 inch wide, in*tead of % inch, the better to provide against leaking. 
Cleats are used a* in tin, with 2 nails to a cleat. The iron plates are hest laid on 
sheeting boards; but in sheds. &o, are sometimes laid directly on rafter*, not more 
than about IS ios apart in the clear, the plates being allowed to sag a little between 
the rafters, so as to form -hallow gutters. Iu such cases it Is well to bevel off the tops of the rafter* 
■lightly, as in this fig. 

A serious objection to iron as a roof covering, is its rapid con¬ 
densation or atmospheric moisture; which falls from the iron in drops like rain, and niny do injury 
to ceilings, floor*, or articles in the apartments immediately beneath the roof. Painting does not 
appreciably diminish this: it may, however, be obviated by plastering. 


Corrugated sheet iron. The size of sheets generally used for corrugating, 
ii SO tnohes wide by 96 Inches long. Corrugation reduces the width to 27)$ inches. When the cor¬ 
rugated sheets are laid upon the roof, the overlapping of about 24s Inches along the sides, and of 4 
inohes along their ends diminishes the area of roof covered by ashcet, to about seven-eighth* or that 
of the entire corrugated sheet itself; or, the weight per square foot of roof covered, will be about 
one-seveutb greater than that per square foot of the corrugated sheet. or. the weight of corrugated 
Iron per square foot of roof covered is about one-fifth greater than that of the fiat sheet* from which 
it is made. 

About 6 inches are usually allowed for the extension over the eaves. 

The weight* per square foot corresponding to the different numbers of the Birmingham wire gauge, 
vary somewhat with the different makers. The two styles or corrugation given in the table below 
6 x and x Ml, are those most frequently used. 



CORRUGATED SHEET IRON, 
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No. 

Brnghra 
wire ga. 

Thick- 

ness 
in ins. 

IV1 in ft.s per* 
sq ft of shec As. 

IVt in ibs per 
sq ft of roof. 

Black 

Black 

Black ' 

Lead eot’d 1 
or galv’d 

Black 1 

Lead cotM 
or galv’d 

20 

.035 

1 84 ! 

2. 

2 12 

2.3 

22 

.028 

1.50 

1.6 

1.73 ! 

1 84 

24 

.022 

1.20 

1 25 

1 38 

1 44 

26 

.018 

| 1 00 

1 12 

i r» 

1 29 


Strength ol Corrugated Iron. Experiment?* by the author. 

T'lrHt. A sheet d d. or No. IB iron, 

(about j'v inch thick,) 27 ins wide, b) 4 It long, 
with h\«* complete coi i ligations of 5 me- by 1 im h, 
was laid on Mippoits 3 II 9 him apiut A him k of 
worn! c, I) ins wide, by 7 ins thick, and .'So iim long, 
was placed aciobs the center, and gradual!) loaded 
with castings weighing lbOO lbs. 

This caused a deflection at the center of precisely an 
inch. Ou the removal of the load after an hour, uo prriua 
neat set was appreciable. The severity of the test a as pur¬ 
posely increased by apply lug the several castings very 
roughly, jolting the whole us much as possible.* The sub- 
pended area of the sheet was 8 44 sq ft; and since the actual confer load nf 1800 lbs Is about oqul va- 
(000 

lent to -1000 lbs equally distributed, it amounts to ^ ^— '(53 lbs per sq ft distrlhuled. But 3000 lbs 

distribut'd would produce a deflection of but about fup \i of an Inch. Again, 355 lbs per sq ft 
is about 4 times the weight of the greatest croud that could well congregate upon a floor Conse¬ 
quently this iron, at S' i)' span, is safe in practice for auy ordinary crowd. Moreovei, such a ciowd 
would produce a center deflection or only the Hth part of % of an inch ; or -jig of an inch ; or 
of the clear span; whloh Is but two-thirds of Tredgold's limit of of the spaa. 

In one experiment the ends of the sheets rested upon supports dressed so as to present undulations 
corresponding tolerably cloself with the shape of the corrugations; but in the other the supports 
wore Hat, and each end of the shea rested only upou the lower polnta of the corrugations. No ap¬ 
preciable difference was observed id the results. 

Sft'oml. An arch of No. 18 
inch) iron. corrugated like the foregoing, 
but the depth of corrugation increased to 
l'4ins by the proeesaof arching the sheet; 
clear span ti ft 1 inch; rise 10 ins; breadth 27 
inn, (of which however, only 25 ins bore 
against the abutments.) 

Each foot o of the arch abutted upon a casting j, 
the inner poitiou t of which was undulated on top. to 
Correspond with the corrugations of the arch, which 
rented upon It. At y, (one-fourth of the span,! two 
wooden blocks were placed, occupying a width of 9 
inabes, anti extending across the arch; on them was 
pil?d a load, l. of castings, to the extent of 4180 Tbs, 
or 2 tons. Under this load the arch descended about 
half an Inch at y, becoming tlaiter on that side and 
slightly mote ourved upward along the unloaded side n. Two similar blocks were then placed stn, 
and two tons of load, », were piled upon them, in addition to the 2 tons at l : making a total of 8980 
tbs, or 4 tons. This brouglit*the arch more nearh back to its onglna! shape; but still slightly 
straightened at both n and y. and a Utile more curved In the center. The load was then Increased to 
10000 lbs, and left standing for several days. Two Iron ties, each bi by 1A(, which were used for pre¬ 
venting the abutment castings J from spreading, were found to have stretched nearlt % of an Inch. 
Additional ones were Inserted, and the load Increased to a total of 6 tons, or 13440 Tbs. parts of it on 
* and l, and part in the shape of long brosd bars of iron at the center of the aroh, below the loads • 
and l, and net ween » and v- So far as could he judged by eve, the shape of the arch was now almost 
perfect. The loads s and I did not touch each other. Afler standing more than a wpek, the load 
was aoeideniatlv overturned, crippling the arch The load was equal to about 100(1 Tbs per sq ft of 

the arch. .Such arches have since come into common use ipstead of brick, for 

fireproof lloorn, 

Curved roof* of 25 to 30 It span, rising about l 4 span, may be made 
of ordinary corrugated iron of Nos 16 to IS, riveted as usual; and having no acces- 
Borieaexcept tie-rodsa few feet apart; continuous angle-iron skewbacks; and thin 
vertical rods to prevent the ties from sagging. 


• Without letting the defleetlon exceed H inch; which was prevented by a stop under the sheet. 
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IRON PIPES, TUBES AND FITTINGS. 
















































BOLTS, NUTS, WA8HEB8. 
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■crew Thread*, Bolts, Nats, and Washer*. 

Screw threads, a = angle between two aides of a 
thread; P = pitch; » = width of flat top or bottom of 
each thread; all meaeured in a plane containing the 
axis of the screw; N — number of threads per inch, = 
1/P. In the Sellers or Franklin Institute 
Standard, proposed hy Mr. William Seilers and 
adopted by the Institute in 1864, o = 60°; S = P; tr - c 
= p/8- F = 0.75 P; M = P cos a/1 = 0.8660 P; P(diam- 
eter) — d + 2 X 0.866 X 0.75 P = i + 1.299 P. Under the 
name of United States Standard, the U. S. Navy 
Department In 18G8 adopted the Sellers system, except 
for finished heads and nuts, which it made the same as 
for rough heads and nuts. 




Dimensions of If earls and Nats. 

| Ronfch. Finished. 

X ii/i) I-^ inch. l) 4 p +1-16 inch. p~Ti I [ a 

B fin Acad) WX. I> - l-!l. inch. ^ IJJ 

H (in ni d) D. Pltrs.a 

In the Whitworth (English) standard thread, the angle a, Fig 1, ie 55". 
He tops and bottoms ol the thread, are rounded, instead of flat as In the Ameri¬ 
can standards. Tim minilmi (N) of threads per inch is the same as above for 
di;uu. of bolt up to three ms, exeept lor D = y % inch; where N ~ 12. 

lu the International metric screw thread, adopted at Zurich, 


all iu roilhmeieis: 

Dlam.|6|78| 9 |l0 ll| 12 |l4|l6jl8|2o|22|24|27|30 33 36|39|42|45|48j52|56|6o|s4 68 72|76| 80 

Pilch |l.o|l.25| 1.5 j 1.75| 2 0 | 2.5 | 3.0 | 3.5 | 4.0 j 4.5 | 5.0 | 5.5 6.0 6.5 

Intermediate diameters are to be of an integral numter of mniimeters^nd 
of the same pitch as the next smaller diameter iu the table. Thus, for diam 65 
or 69 mm ; pitch = 6.0 mm. 

Plate-tron washer*. Standard sizes. Diameters of washers and bolt¬ 
holes in inches. Approximate thickness by Birmingham wire gauge. Approxi- 
Bate number in one fl). 
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A tquare b< *! and nut together, weigh about as much ai a length of the bolt equal to T or 8 that; 
D. Hexagon , G or 7. 

With the above dimensions a bolt will generally fall by breaking 
off between the head and the out, where the diameter la deoreaaei 
by cutting the thread, rather than by stripping off lt» thread*. 
The diam Ik of the thread must of course be greater 
than that required to boar safely the pio|HiHi>d ten»ile strain, by an amount 
equal to Itwe the depth of the thread The waste of iron, which would 
leoult fiom milking the entire bull of this greater diam, is frequently 
avoided by making the bolt fiom a bar of only sufficient dimensions to bear 

the strain safely, and upsetting its ends us m Fig 3, 

thus increasing their diam sufficiently to allow for the cutting of the 

threads. 

In oarpeutry, as well ae In ties for masonry, wathrrs, w k, of either oaa. 
or wrought iron, are placed between the timber, or stone, and the head 
and nut lu older to distribute the pressure ever a greater surface, and 
rlfl 3 - tiius preveutoruhhing} especially in iluiber. 

Whoa much siritincd against wood, the Hide 

of a square wrimght-iron washer, oi the diam to to of a circular one, should not be less than ♦ dinms 
of the screw, as lu the fig; and its thickness, (to. H diam at If ant. 

1 wo such square washers will together weigh as much as IS dinms In 
length of a round rod of the same dum as the screw. Two round 
washers will weigh together as mech as 14 dinuis of rod of same diam 
at sorew. In either oase, a squate head and nut will weigh ss m.nch 
at 0 diameters. Cast iron washers, beiuu tuoio apt to split under 
heavy strains, may be made about twice as thick as wrought ones. 

When the strain is very great, the diam of the washei may lie 5 or 
6 timet that of the screw, and its thickness equal to diam; but 4 
diams will suffice fur most practical purposes, or even 2 5 when there 
is but little strain, and the thickness may then he hut .1 or .2 diam of 
bolt. 

TAble of machine and car bolt**, with 

square and hexagon heads and nuts, Pigs 4 and 6; made by Uoopes 

& Towtucud, 1330 Buttonwood St, Pin In. All their bolt** 
are cut with C. N. Standard thread*, as *’**■ Fig.6. 
per firm table ou p 1105, unless mhei w ise oi tiered. Discounts, see price list. 




Length,ins 
exclusive of head. 


Weight, lbs of 
100 bolts. 


List price, $ per 100. 



Miu. 

Max. 

Min. 

Max. 

3.9 

13.2 

1.70 

2.74 

6.2 

20.3 

2.00 

8.5G 

9.7 

43.5 

2.40 

6.76 

14 7 

68.3 

2.80 

7.00 

20.4 

122.0 

3.60 

13.22 

26 

151.0 

6.20 

19.26 

37 

224.0 

“ 

22.30 

68 

830 0 

7.20 

29.70 

97.7 

470.0 

11.20 

42.00 

145.0 

625 0 

16.00 

65.60 


Expansion bolts, for fastening plates, timbers 
etc., to walls of brick or masonry. The wedge-shaped 
nut, traveling up the i»olt, as the latter is turned, 
presses the wings against the sides of the hole, which, 
in practice, is drilled just large enough to admit the 
nut and wings, so as to prevent the former from turn¬ 
ing with the bolt. If the hole is made larger, u 
shown, the nut must be held by a small wedge. 
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Loek-nfit washers. When holts are subjected to much 
rough jolting, as at rail-joints, &c, the vats me liable to near louse , 
and unscrew themselves. On railroads ihis is a sou ice of great 
annoyance, and innumerable devices lor preventing it. have been 
tried. The Verona lock-nut washer * is a simple circular washer 
made of steel; with a slit s s cut iluough it, leaving sharp edges. 

On oiie side, a, of the slit, the metal is pressed upward about % 
inch; and that on theothor side, c, downward, the same distance; 
bo that a perspective view would he somewhat as at t. Now, when 
the nut is screwed down over the washer, hi the diiectmn of the 
arrow, the slit oilers no obstruction; hut if the nut afterward 
tends to unscrew itself, the shai p upper edge of the slit, along a, presents friction 
against the bottom of the not, which tends to hold it in place. Besides, the 
washer, bv its elast icity, tends to resume its original shape, and thus presses the 
threads of the nut against those of the bolt; and the additional fiieliou thus 
produced also aids in holding the nut. 

Another lock-nut washer consists of a long strip of steel, wilh tiro holes, each 
of which has its edges formed like those ol a Verona washer, and through each 
of which passes one of the holts of the lail-joint. 

Another device is to cut, at. the end of the screw, a few threads of b screw of 
Jess diameter than the main one, aud in the opposite direction. The nut is then 
screwed upon the larger diameter; and alter it the lock-nut is screwed in the 
other direction upon thosmallerdiam, until it comes into contact, with the main 
nut. In the Smith lock-nut holt, this second nut is only about % inch thick; 
and after beiug driveu home, one of its corners is bent o\er the edge ol the 
main nut. 

The Atwood lock-nuts take advantage of elasticity in the nut itself, which 
is obtaiued either by slitting the nut, or by reducing its thickness near the 
bolt hole. 

It is claimed (lint if the threads of an ordinary bolt and nut are carefully cut, 
so as to be in contact with each other throughout, no lock-nut contrivance is 
necessary, because the friction between the two threads is distributed over a 
larger surface, and abrasion docs not tako place so readily as if the threads 
touched each other at, only a few points. The nuts are therefore less apt to wear 
looAe under repeated jarring. 

Owing to the difficulty ol obtaining such perfect, fitting bolts and nuts, due to 
the wear of the ou I ting tools used in their manufacture, bolts and nuts have been 
made in which the thread on the bolt differs slightly in shape from that in the 
nut. They also furnish nuts in which the thread, instead of being of uniform 
shape throughout., giadually becomes deeper and thicker, by having its side angle 
made more acute, and its top truucated. These nuts are used with bolts having 
the usual uniform thread. The bolt enters the nut upon the side where the 
thread is of the same shape as its own; hut its thread encounters, and is forced 
into, the gradually narrowing and deepening path between the threads of the 
nut. In both devices, the enforced conformity net ween the two threads Is relied 
upon to give thedesired completeness of contact between them. The greater force 
required in screwing on the nut also increases the friction between the threads. 


BUCKLED PLATES. 

Buckled plates are usually of steel, % to % in thick and 8 to 4 ft sq; some¬ 
times in long plates having seveial buckles each. Buckle 2 to 8 ins. Flat rim 
or fillet, 2 to 4 ins. They are used for the floors of buildings and of highway 

^Total*permissible load, lbs. on a single square buckled plnte of any Bine and 
thickness.f Load — \kth; where k = permissible unit stress in metal, ftw per 
iq in, Bay 6000; t =. thickness of metal, ins, and h =* depth of buckle, ins. 

BuckM plates are stronger, and require less concrete, etc, for filling, when laid 
with convex Bide down. They weigh but little more than flat plate*, or about 10 
lbs per sq ft per % in of thickness. 


• Invented by Mr. Thomas Shaw, M. E., of Philadelphia. . 

♦"Steel in Construction,*' by Pencoyd Iron Works, Philadelphia, 1900, p 147. 


















































WIRE GAUGES. 


1169 


The Birmingham wire gauge is the one in most general use for Iron. The 
new British w g went into effect March 1st 1884. In the “American ” w g of Dar¬ 
ling, Brown A Sharpe, Providence R. I., each diam or thick is **•- the next smaller 
one X 1.122932. We take the wt of wrot iron per cub ft at 485 lbs in the first two; 
and at 486 in tho lost. For the wt of steel, mult that of iron by 1.01. For 
lend, mult iron by 1.46. For zinc, mult iron by .9. For brass (approx), mult 
Iron by 1.06. For copper, mult iron by L134. 


Wo. 

Birmingham W. Ga. | 

New British W.0a.| 

American W. Ga. 

Diam of 
wire, or 
thioknes* 
or ibeet, 
in*. 

Wtof 
Iron wire, 
in ft* per 

lln ru 

Wtof 

iron 

sheet*, 

Id ft* per 
•q ft. 

Diam of 
wire, or 
thioknen* 
of sheet, 
in*. 

Wt of 
iron wire, 
in ft* per 
lin ft. 

Wtof 
iron 
sheet*, 
in fts per 
*q ft. 

Diam of 
wire, or 
tbloknei)* 
of sheet, 
in*. 

Wtof 
iron wire, 
in ft* per 
lin ft. 

Wt of 
iron 
■heels 
in ft* 
peraqft 





.600 

.661 

20.21 








.464 

.569 

18.76 








.432 

.494 

17.46 




4-0 

.454 

.546 

18.36 

.400 

.423 

16.17 

.460000 

.661 

18.63 

8-0 

425 

.479 

CAL* 

.372 

.366 

15.03 

.409642 

.446 

16.68 

g-0 

.880 

.383 

15.86 

.348 

.320 

14.06 

•304796 

.363 

14.77 

0 

.840 

.306 

mim 

.324 

.278 

13.09 

.324861 

.280 

13.16 

1 

.300 

.238 

12.13 

.300 

.238 

12.13 

.289297 

.222 

11.70 

8 

.284 

.214 

11.48 

.278 

.202 

11.16 

.257627 

.176 

10.43 

a 

J259 

.178 

10.47 

.252 

.168 

10.19 

.229423 

.139 

9.291 

4 

.238 

.150 

9.619 

.232 

.142 

9.377 

.204307 

•111 

8.273 

5 


.128 

8.892 

.212 

.119 

8.568 

.181940 

.0877 

7.366 

6 

.203 

.109 

8.205 

.192 

.0970 

7.760 

.162023 

.0696 

6.661 

7 


.0859 

7.276 

.176 

.0820 

7.113 

.144285 

.0552 

6.842 

8 

.165 

.0721 

6.669 

.160 

.0677 

6.466 

.128490 

.0438 

6.203 

9 

.148 

.0580 

5.981 

.144 

.0548 

5.820 

.114423 

.0347 

4.633 

10 

.134 

.0476 

5.416 

.128 

.0434 

6.173 

.101897 

.0275 

4.126 

11 

.120 

.0382 

4.850 

.116 

.0357 

4.688 

.090742 

.0218 

3.674 

12 

.109 


4.405 

.104 

.0286 


.080808 

.0173 

3.272 

13 

.095 


wxzm 

.092 

.0224 


.071962 

.0137 

2.914 

14 

.083 

.0183 


.080 

.0109 


.064084 

.0109 

2.595 

15 

.072 

.0137 

■'V'juS 

.072 

.0137 

■’•*;{ til 

.057008 

.00863 

2,310 

16 


.0112 


.064 

.0108 

■ Trim 

.060821 

.00684 

2.063 

17 

.058 


■ *;W B 

.056 

.00832 


.045257 

.00543 

1.832 

18 

.049 

KUiisH 

■ K'K'B 

.048 

.00610 

1.940 

.040303 

.00430 

1.631 

19 

.042 


1.697 

.040 

.00423 

1.617 

.035890 

.00341 

1.452 

20 

.035 

Rt.lSv'J.fl 

1.415 

.036 

.00344 

1.455 

.031961 

.00271 

1.293 

21 

.032 

PTuVriB 

1.293 

.032 

.00269 

1.293 

.028462 

.00215 

1.162 

22 

.028 

Hl'lV'll'l 

1.132 

.028 

.00207 

1.132 

.025346 

.00170 

1.028 

23 

.025 



.024 

.00152 

HEJ 

.022572 

.00135 

.913 

24 

.022 

.00128 

.8892 

.022 

.00128 

.8891 

.020101 

.00107 

.814 

25 

.020 

.00106 

.8083 

.020 

r 

.8083 

.017900 

.000849 

.724 

26 

.018 

rruTwl 

.7226 

.018 

.000857 

.7275 

.015941 

.000673 

.644 

27 

.016 


.6467 

.0164 

.000712 

.6628 

.014195 

.000634 

.674 

28 

4)14 

wiViMM 

.5653 

.0148 

.000579 

.5982 

.012641 

.000423 

.611 

29 

.013 

priVi”‘:l 

.6254 

.0136 

.000489 

M97 

.011267 

.000836 

.456 

80 

j012 

Prifusl^l 


.0124 

fjTrffwl 

.5012 

.010025 

.000266 

.406 

81 

JQ10 



.0118 

IriVlsUJ 

.4688 

.008928 

.000211 

.860 

82 




.0108 


.4365 

.007950 

.000167 

.321 

83 

jOOB 

| .000170 


.0100 

.000266 

.4042 

.007080 

.000133 

.286 

84 

j007 

.000130 


.0092 

.000224 

.3718 

.006305 

.000105 

.264 

85 

*005 


!Bc22j 

.0084 

.000187 

.3395 

.005615 

.0000837 

.226 

86 


lin*"""' 


.0078 

.000153 

W-lJ 

.005000 

.0000662 

.202 

87 




.0008 

.000122 

.2748 

.004453 

.0000626 

J80 





.0060 

.0000955 

.2426 

.003965 

.0000417 

m 

89 


. 


.0052 

.0000714 

.2102 

.003531 

.0000330 

141 

40 



— 

.0048 

.0044 

.0000608 

.0000618 

.1940 

.1778 


.0000285 


42 




.0040 

.0000421 

.1617 




48 




,0036 

.0000344 

.1455 




44 




.0032 

.0000271 

.1293 




15 




.0028 

PfiXoTiri 

.1132 




46 



, _ 

.0024 

.0000152 

.0970 




47 



_._ 

sum 

EZ5E 

.0608 




48 

1T . TT . 

... 



.0647 
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WIRE GAUGES. 


American fennge for sheet and plate iron and steel (1893). We omit 
the columns of weight in kilograms per square fool and in pounds per square 
meter, and simplify the headings «f the remaining columns. 

An Act establishing a standard gauge for sheet and plate iron and steel. 

Be it enacted try the Senate and Jlou.se of h’e/ireteidaiiveof the L infer! Mates of 
America in Gont/ress assembled, That for the purpose of securing uniforniity the 
following is istabiishi d as the only standard gauge /or sheet and plate iron and 
steel in the United States of America, namely. 



Approximate thickness 

Wi-Islil. 

No. 

Inches. 

Millimeters. 

Per mj foot 

in avoirdupois 

Per H q 




ounces. 

« pounds. 

kilograms 

7-0 

1-2 =.5 

12.7 

320 

20.00 

97 65 

6-0 

15-32 =.40875 

11.90625 

300 

18.75 

91.55 

5-0 

7-10 =4375 

11.1125 

280 

17.50 

85.44 

4-0 

13-32 =.40625 

10.31875 

260 

16.25 

79 33 

3-0 

3-8 =.375 

9.525 

240 

15. 

73 24 

2-0 

11-32 =.34375 

8.73125 

220 

13 75 

67 13 

0 

5-16 =.3125 

7 9375 

200 

12.50 

61 03 

1 

9-32 = 28125 

7 1 4375 

180 

11.25 

54 93 

2 

17-61 =.265625 

6.746875 

170 

10 025 

51 88 

3 

1-4 =.25 

6.35 

160 

10 

48 82 

4 

15-64 =.234375 

5 953125 

150 

9 375 

45 77 

5 

7-32 =.21875 

5 55625 

140 

8 75 

42 72 

6 

13-64 -».203125 

5.159375 

130 

8.125 

89 67 

7 

3-16 =.1875 

4.7625 

120 

7.5 

30 02 

8 

11-61 --.171875 

4.365625 

110 

6.875 

33 57 

9 

5-32 =.15625 

3.96875 

100 

6.25 

80.52 

10 

9-64 =.140625 

3.571875 

90 

5.625 

27.46 


1-8 —.125 

8.175 

2.778125 



24.41 

21 36 

12 

7-64 =.109375 

70 

4.375 

13 

3-32 =.09375 

2.38125 

60 

3.75 

18.31 

14 

5-64 =.078125 

1.984375 

50 

3.125 

15 26 

15 

9-128 =.0703125 

1.7859375 

45 

2.8125 

13 73 

16 

1-18 -= 0625 

1.5875 

40 

2.5 

12.21 

17 

9-160 =.05625 

1.42875 

86 

2.25 

10 99 

18 

1-20 =.05 

1.27 

32 

2. 

9.765 

19 

7-160 =.04375 

1.11125 

28 

1.75 

8.544 

20 

3-80 =.0375 

.9525 

24 

1.50 

7.324 

21 

11-320 =.034375 

.873125 

22 

1 375 

6.713 

22 

1-32 =.03125 

.793750 

20 

125 

6.103 

23 

9-320 =.028125 

.714875 

18 

1 125 

5.493 

24 

1-40 =.025 

.635 

16 

1 . 

4.882 

25 

7-320 = 021875 

.555625 

14 

875 

4 272 

26 

3-160 =.01875 

.47625 

12 

.75 

3 662 

27 

11-640 =.0171875 

.4365625 

11 

.6875 

3.357 

28 

1-64 =.015625 

.396875 

10 

.625 

3 052 

29 

9-640 =.0140625 

.3571875 

9 

.5625 

2.746 

30 

1-80 =.0125 

.3175 

8 

.5 

2.441 

31 

7-640 =.0109375 

.2778125 

7 

.4375 

2.136 

82 

13-1280=.01015625 

.25796875 

6* 

.40625 

1.983 

83 

3-320 =.009375 

.238125 

6 

.375 

1.831 

34 

11-1280 = .00859375 

.21828125 


.34375 

1.678 

35 

5-640 =.0078125 

.1984375 

5 

.3125 

1.526 

36 

9-1280=,00703125 

.178.59375 

4J 

.28125 

1 873 

37 

17-2560=.006640625 

.168671875 

H 

.265625 

1.297 

38 

1-1OD =.00625' 

.15875 

4 

25 

1.221 


And on and after July first, eighteen hundred and ninety-three, the same and 
no other shall be used in determining duties and taxes levied by the United 
States of America on sheet and plate iron and steel. But this act shall uotbt 
oonstrued to increase dhties upon any articles which may be imported. 

Sice. 2. That the Secretary of the Treasury is authorized and required to pre¬ 
pare suitable standards in accordance herewith. 

Sec. 3. That, in the practical use and application of the standard gauge hereby 
established a variation of two and one-half per cent, either way may be allowed 
\pproved March 3,1883. 
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ClItCUI4AH MEASURE. 

Used In comparing cross sections of writes, etc. 

A circular unit is the area of a circle whose diameter is one linear unit 
Thus, a circular inch is the area (—0 7804 square inch) of a circle whose 
diameter is one inch. 

The lollowing table is adapted, by permission, from Mr. Carl Heritig’s valu¬ 
able Tables of Equivalents ol Units of Measurement, New York, 1888 . Inas¬ 
much as we take 1 meter -39 37 inches, instead of 39.37U79 inches, our values 


diller slightly from his. 

Logarithm. 

1 O mil *.« 0.7&540 □ mil *. 1 895 0899 

= 0.000(14516 O millimeter. 4.S09 6692 

= 0.00050671 □ millimeter. 4 701 7591 

1 □ mil * .= 1.2732 O mils 1 .-. 0.104 9101 

=r= 0.00082145 O millimeter. 4.914 3793 

1 O millimeter = 1530.0 O mils*. 3.190 3308 

1217.4 □ mils* . 3.085 1207 

- 0.78510 □ millimeter. 1.895 0899 

1 □ millimeter -= 1973.5 Q mils * . 3.295 2409 

1.2742 O millimeters. 0.104 9101 


EDIM>!H STAXDAlin WIRE GAUGE. 

Adopted by the Associated Edison Illuminating Companies. 

In this table the gauge number is approximately equal to 
Tifoo X area of cross section in circular mils* 

= IT fo„ X square of diameter iu mils * 


No. 

Diameter, 
in mils. 

No. 

Diameter, 
in mils. 

No. 

Diametei 
in mils. 

3 

54.78 

65 

254 96 

160 

400.00 

5 

70.72 

70 

264.58 

170 

412.32 

8 

89.43 

75 

273.87 

180 

424.27 

12 

109.55 

80 

282.85 

190 

435.89 

15 

122.48 

85 

291.55 

200 

447.22 

20 

141.43 

90 

300.00 

220 

469.05 

25 

158.12 

95 

308.23 

240 

489.90 

30 

173.21 

100 

316.23 

260 

509.91 

35 

187.09 

110 

831.67 

280 

529.16 

40 

200.00 ; 

120 

346.42 

800 

547.73 

45 

212.14 

130 

360.56 

320 

665.69 

50 

223.61 

140 

374.17 

340 

583.10 

55 

234 53 

150 

387.30 

360 

600.00 

60 

244.95 






• 1 mil J l5 >„ inch. 


79 
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Wo trade Stupidity is more thoroughly senseless than the adherence ta 
the various Birmingham, Lancashire, Ac, gauges; instead of at once denoting the 
thickness and diameter of sheets, wire, Ac, by the parts of an inch; as has long 
been suggested. Thus, No. or No. 5*5 wire, or sheet-metal of any kind, should 
be understood to mean or of an inch diam, or thickness. To avoid mistakes, 
whicli are very apt to occur from the number of gauges in use; and from the absurd 
practice of applying the same No, to different thicknesses of different meialB, in dif¬ 
ferent towns, it is best to ignore them all; and in giving orders, to define the diam- 
tter of wire, and the thickness of sheet-metal, by partB of an inch. Or the weight 

E r hundred ft for wire; or per sq ft for sheets, may be employed. We believe that 
0 foregoing Birmingham gauge applies to tine, copper, brass, and lead; although 
his generally stated to be for iron and steel only. Another Birmingham gunge is 
used for sheet-brass, gold, Bilver, and some other metals; bqt we have never seen It 
Stated what those others are. There are different gauges even for wire to be used 
for different purposes; and various firms have gauges of their own; not even accord¬ 
ing among themselves. 

As Mr. Stubs makes various English gauges, the term “ Ntubs gauge ” by 
itself means nothing. Generally, however, in our machine shops, it applies to the 
Birmingham gauge ot the preceding table. 

Birmingham gauge for sheet Brass, Silver, Gold, and all metals 

except iron and steel 1 


No. 

Thiokn's. 

No. 

Thlokn s. 

No. 

Thlckn'a. 

No 

?bickn't 

No. 

Thlokn'*. 

No. 

Thkkn’a 


Inch 


Inch 


Inch 


Inch 


Inch 


Inch 

1 

.004 

7 

.015 

13 

.036 

19 

.064 

25 

.095 

31 

.13S 

2 

,006 

8 

.016 

14 

.041 

20 

.067 

26 

.103 

32 

.143 

3 

.008 

9 

.019 

16 

.047 

21 

.072 

27 

.113 

S3 

.145 

4 

.010 

10 

.024 

16 

.051 

22 

.074 

28 

.120 

34 

.148 

6 

.012 

11 

.029 

17 

.057 

23 

.077 

29 

.121 

35 

.168 

6 

.013 

12 

.034 

18 

.061 

24 

.082 

30 

.126 

36 

.167 


The mills rolling sheet Iron In the United States generally 
use the lollowitig, which varies slightly from the Birmingham gauge: 


No. 

lbs per 1 
sq ft 

No. 

It'S per 
sq ft 

No. 

lbs per 
sq ft 

No. 

lbs per 
sq ft 

1 

12 50 

8 

6.86 

15 

2.81 

22 

1.25 

2 

12.00 

9 

6.24 

36 

2.60 

23 

1.12 

3 

11.00 

10 

5.62 

17 

2.18 

24 

1.00 

4 

10.00 

11 

5.00 

18 

1.86 

25 

.90 

6 

8.75 

12 

4.38 

19 

1.70 

, 26 

.80 

6 

8.12 

13 

3.75 

20 

1.54 

I 27 

.72 

7 

7.50 

14 

8.12 

21 

1.40 

1 28 

.64 


When wire, sheet-metal, ate., are ordered by gauge number, and it is 
lot specified what gauge is intended; dealeis in the United States fill the order as 
fellows: 

Brass, bronze or German Silver in sheets, German Silver wire, brazed brass, bronze, 
dne or copper tubing, by Brown & Sharpe’s (or “ American ”) gauge. 

Copper in sheets; brass and copper wire; seamless brass, bronze or copper tubing; 
«ad small brass rods; by Stubs’ (or Birmingham) gauge. 


UiiKmealed °r hard brans wire baa about ijiths the strengths of the table 
p. 1173, amt about % more •.eight. If annealed, only full half the strength. 

Hard capper wire may be taken at % of the tabular streugtha, and full 
yj more weight. ® ’ 
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Table of Charcoal Iron Wire made by Trenton Iron Co., 

Trenton, N. J. The numbers in the first column are those of the Trenton Iron 
Co’s gauge. The corresponding diameters in the second column will he seen to 
be somewhat less than those of the Birmingham gauge. 


No. 

Dlam. 

inn. 

Lineal 
feet to the 
Pound. 

Tensile 

Str'gtb 

Approx 

lbs. 

No. 

Dlam. 

ins. 

Lineal 
feet tc the 
Pound. 

Tensile 

Btr'gth 

Approx 

lbs. 

No. 

Dlam. 

ins. 

Lineal 
feet to the 
Pound. 

00000 

.450 

1.863 

12598 

11 

.1175 

27.340 

1010 

26 

.018 

1164.689 

0000 

kiZ jM 

2.358 

9955 

12 

105 

34.219 

810 

27 

.017 

1305.670 

000 

HiLM 

2.911 

8124 

13 

.0925 

Eia 

631 

28 

.016 

1476.869 

00 

.330 

3.465 

6880 

14 

.080 

58.916 

474 

29 

.015 

1676.989 

0 

.305 

4.057 

.5926 

15 

.070 

76.984 

372 

30 

.014 

1925.821 

1 

.285 

4.645 

5226 

16 


IMES 

292 

31 

.018 

2282.658 

2 

.265 

5.374 

4570 

17 


137.174 

222 

32 

.012 

2620.607 

3 

.245 

6.286 

3948 

18 



160 

33 

.011 

8119.092 

4 

.225 

7.454 

3374 

19 

.040 

■ TiYml 

137 

34 

.010 

3778.584 

5 


8.976 

2839 

20 

.035 

xmm 

107 

35 

.0095 

4182.508 

6 

mvM 

10.453 

2476 

21 




36 

.009 

4657.728 

7; 

.175 

12.322 

2136 

22 

KjyjjS 

481.234 


37 

.0085 

5222.035 

8 

KmI 

WzWM 

1813 

23 


EeEas 

|M 

38 

.008 

5896.147 

9 

.145 

17.950 

1,507 

24 

.0225 

745.710 


39 

.0075 

6724.291 

mm 

.130 

22.833 

1233 

25 

.020 

943.896 

mt. 

40 

.007 

7698.258 


The wire in this table is supposed to be hard, bright, 

The figures in the column of tensile strength are based upon tests 
charcoal iron wire from Trenton blooms. 

The tensile strength of wire made of is about 

Good refined iron. 15 per cent, less 

Swedish charcoal iron. 10 “ “ 

Mild Bessemer steel. 10 “ more 

Ordinary crucible steel. 26 “ *• 

Special crucible steel...-30 to 120 “ “ 

Annealing renders wire more pliable and ductile, but less elastic; and reduces the 
tensile strength by from 20 to 25 per cent 


or unannealed. 
made with good 


than that of 
bright charcoal 
wire, given in 
the above table. 


To find approximately the number of straight wires that 
can be got into a cable of given diameter. 

Divide the diameter of the cable in incheH, by the diameter of a wire in inches. 
Square the quotient. Multiply said square by the decimal .77. The result will be 
correct within about 4 or 5 per cent at most, in a cylindrical cable. 

The Nolidlty, or metal area of all the wires In a cable, will be 
to the area of the cable itself, about as 1 to 1.3. In other words, the area of the 
voids is nearly % that of the cable; while that of the wires is fully % that of the 
cable. All approximate. 
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Wo trade Stupidity is more thoroughly senseless than the adherence ta 
the various Birmingham, Lancashire, Ac, gauges; instead of at once denoting the 
thickness and diameter of sheets, wire, Ac, by the parts of an inch; as has long 
been suggested. Thus, No. or No. 5*5 wire, or sheet-metal of any kind, should 
be understood to mean or of an inch diam, or thickness. To avoid mistakes, 
whicli are very apt to occur from the number of gauges in use; and from the absurd 
practice of applying the same No, to different thicknesses of different meialB, in dif¬ 
ferent towns, it is best to ignore them all; and in giving orders, to define the diam- 
tter of wire, and the thickness of sheet-metal, by partB of an inch. Or the weight 

E r hundred ft for wire; or per sq ft for sheets, may be employed. We believe that 
0 foregoing Birmingham gauge applies to tine, copper, brass, and lead; although 
his generally stated to be for iron and steel only. Another Birmingham gunge is 
used for sheet-brass, gold, Bilver, and some other metals; bqt we have never seen It 
Stated what those others are. There are different gauges even for wire to be used 
for different purposes; and various firms have gauges of their own; not even accord¬ 
ing among themselves. 

As Mr. Stubs makes various English gauges, the term “ Ntubs gauge ” by 
itself means nothing. Generally, however, in our machine shops, it applies to the 
Birmingham gauge ot the preceding table. 

Birmingham gauge for sheet Brass, Silver, Gold, and all metals 

except iron and steel 1 


No. 

Thiokn's. 

No. 

Thlokn s. 

No. 

Thlckn'a. 

No 

?bickn't 

No. 

Thlokn'*. 

No. 

Thkkn’a 


Inch 


Inch 


Inch 


Inch 


Inch 


Inch 

1 

.004 

7 

.015 

13 

.036 

19 

.064 

25 

.095 

31 

.13S 

2 

,006 

8 

.016 

14 

.041 

20 

.067 

26 

.103 

32 

.143 

3 

.008 

9 

.019 

16 

.047 

21 

.072 

27 

.113 

S3 

.145 

4 

.010 

10 

.024 

16 

.051 

22 

.074 

28 

.120 

34 

.148 

6 

.012 

11 

.029 

17 

.057 

23 

.077 

29 

.121 

35 

.168 

6 

.013 

12 

.034 

18 

.061 

24 

.082 

30 

.126 

36 

.167 


The mills rolling sheet Iron In the United States generally 
use the lollowitig, which varies slightly from the Birmingham gauge: 


No. 

lbs per 1 
sq ft 

No. 

It'S per 
sq ft 

No. 

lbs per 
sq ft 

No. 

lbs per 
sq ft 

1 

12 50 

8 

6.86 

15 

2.81 

22 

1.25 

2 

12.00 

9 

6.24 

36 

2.60 

23 

1.12 

3 

11.00 

10 

5.62 

17 

2.18 

24 

1.00 

4 

10.00 

11 

5.00 

18 

1.86 

25 

.90 

6 

8.75 

12 

4.38 

19 

1.70 

, 26 

.80 

6 

8.12 

13 

3.75 

20 

1.54 

I 27 

.72 

7 

7.50 

14 

8.12 

21 

1.40 

1 28 

.64 


When wire, sheet-metal, ate., are ordered by gauge number, and it is 
lot specified what gauge is intended; dealeis in the United States fill the order as 
fellows: 

Brass, bronze or German Silver in sheets, German Silver wire, brazed brass, bronze, 
dne or copper tubing, by Brown & Sharpe’s (or “ American ”) gauge. 

Copper in sheets; brass and copper wire; seamless brass, bronze or copper tubing; 
«ad small brass rods; by Stubs’ (or Birmingham) gauge. 


UiiKmealed °r hard brans wire baa about ijiths the strengths of the table 
p. 1173, amt about % more •.eight. If annealed, only full half the strength. 

Hard capper wire may be taken at % of the tabular streugtha, and full 
yj more weight. ® ’ 















I-BEAMS. 


1175 


I-BEAMS. 



The table gives the maximum 

and the minimum weight of each section. 
The nnuinium weights are standard. 
Otlters are special. 


Caution.— With very short spans, 
the loads found by means of columns 
C, and C m . although sale against bend¬ 
ing, may lie so great as to endanger a 
crushing of the ends of the beam, or of 
the walls, etc., under them, unless the 
beam has, at its ends, a gieater length of 
hearing than would otherwise lie needed. 




R 

P 


C s 

®UI 


Section 



ius. 

ins. 


lbs. 

lbs. 

ins. 

index. 

2380 3 

48 56 

9.00 

1.28 

198 4 

2,115,800 

1,653,000 

17.82 

34 1 

2U87.9 

42.86 

9.46 

1.36 

174.0 

1,855,900 

1,449,900 

18 72 

“ 

1655.8 

52.05 

7.50 

1.84 

165 6 

1,766,100 

1,379,800 

14.76 

B 2 

1400 S 

45.81 

7.86 

1 39 

146.7 

1,504,300 

1 ,2*22,100 

15.47 

“ 

1208 9 

30.25 

7 58 

1 17 

126.9 

1,353,500 

1,057,400 

14 98 

B 3 

1109.6 

27.80 

7 83 

1.21 

117.0 

1,247,000 

974,700 

15.47 

“ 

921.3 

24 G2 

6.69 

1.09 

102 4 

1,091,900 

853,000 

13.20 

B 80 

795.6 

21 19 

7.07 

1.15 

88.4 

94.5,000 

736,700 

13.95 

“ 

900 S 

50 98 

5 ret 

1.31 

120.1 

1,280.700 

1,000,600 

10.75 

B 4 

795 5 

41.76 

5.78 

1.32 

106.1 

1,131,300 

883,900 

11.25 

“ 

691.2 

30 08 

5. GO 

1.18 

92.2 

983,000 

768.000 

10 95 

B 5 

609.0 

25.96 

5.87 

1.21 

81.2 

806,100 

676,600 

11.49 

“ 

511 0 

17 00 

5 02 

1 02 

68.1 

720,800 

567,800 

11.05 

B 7 

441.7 

1102 

5.95 

1 08 

58.9 

628,300 

490,800 

11 70 


321.0 

17 46 

4.45 

1.04 

53 6 

570 600 

445.800 

8 65 

B 8 

268.9 

13.81 

4 77 

1.08 

44 8 

478,100 

373,500 

9.29 


228 3 

10 07 

4.71 

0 99 

38 0 

405 800 

317,000 

9.21 

B 9 

215.8 

9 50 

4.83 

1 01 

36.0 

383,700 

299,700 

9.45 

“ 

158.7 

9 50 

3 67 

0 90 

31.7 

333,500 

264,500 

7.12 

B 11 

122.1 

G.89 

4.07 

0 97 

24.4 

260,500 

203,500 

7.91 

“ 

111 8 

7.31 

3.29 

0.84 

24.8 

265,000 

207,000 

6.36 

B 13 

84.9 

5 16 

3.67 

0.90 

18.9 

201.300 

157,300 

7.12 


68.4 

4.75 

3.02 

0.80 

17.1 

182 500 

142,600 

5.82 

B15 

50.9 

3.78 

3.27 

0.84 

14.2 

151 700 

118,500 

6.32 


42 2 

3.24 

2.08 

0 74 

12.1 

128 600 

100,400 

5.15 

B 17 

36.2 

2.67 

2.86 

0.78 

10.4 

110,400 

86,300 

5.50 

“ 

26.2 

2.36 

2.27 

0.68 

8.7 

93,100 

72.800 

433 

B 19 

21.8 

1.85 

2.46 

0.72 

7.3 

77,500 

60,500 

4.70 

“ 

15.2 

1.70 

1.87 

0 63 

6.1 

64,600 

50,500 


B 21 

12.1 

1.23 

2.05 

0.G5 

4.8 

51,600 

40,300 


“ 

7.1 

1.01 

1.62 

0.57 

3.6 

38,100 

29,800 


B 23 

6.0 

0.77 

1.64 

0.59 

3.0 

31,800 

24,900 


“ 

2.9 

060 

1.15 

0.52 

1.9 

20,700 

16,200 


B 77 

2.5 

0.46 

1.23 

0.53 

1.7 

17,600 

18,800 














IflEB GAUGES. 


1172 


Wo trade Stupidity is more thoroughly senseless than the adherence ta 
the various Birmingham, Lancashire, Ac, gauges; instead of at once denoting the 
thickness and diameter of sheets, wire, Ac, by the parts of an inch; as has long 
been suggested. Thus, No. or No. 5*5 wire, or sheet-metal of any kind, should 
be understood to mean or of an inch diam, or thickness. To avoid mistakes, 
whicli are very apt to occur from the number of gauges in use; and from the absurd 
practice of applying the same No, to different thicknesses of different meialB, in dif¬ 
ferent towns, it is best to ignore them all; and in giving orders, to define the diam- 
tter of wire, and the thickness of sheet-metal, by partB of an inch. Or the weight 

E r hundred ft for wire; or per sq ft for sheets, may be employed. We believe that 
0 foregoing Birmingham gauge applies to tine, copper, brass, and lead; although 
his generally stated to be for iron and steel only. Another Birmingham gunge is 
used for sheet-brass, gold, Bilver, and some other metals; bqt we have never seen It 
Stated what those others are. There are different gauges even for wire to be used 
for different purposes; and various firms have gauges of their own; not even accord¬ 
ing among themselves. 

As Mr. Stubs makes various English gauges, the term “ Ntubs gauge ” by 
itself means nothing. Generally, however, in our machine shops, it applies to the 
Birmingham gauge ot the preceding table. 

Birmingham gauge for sheet Brass, Silver, Gold, and all metals 

except iron and steel 1 


No. 

Thiokn's. 

No. 

Thlokn s. 

No. 

Thlckn'a. 

No 

?bickn't 

No. 

Thlokn'*. 

No. 

Thkkn’a 


Inch 


Inch 


Inch 


Inch 


Inch 


Inch 

1 

.004 

7 

.015 

13 

.036 

19 

.064 

25 

.095 

31 

.13S 

2 

,006 

8 

.016 

14 

.041 

20 

.067 

26 

.103 

32 

.143 

3 

.008 

9 

.019 

16 

.047 

21 

.072 

27 

.113 

S3 

.145 

4 

.010 

10 

.024 

16 

.051 

22 

.074 

28 

.120 

34 

.148 

6 

.012 

11 

.029 

17 

.057 

23 

.077 

29 

.121 

35 

.168 

6 

.013 

12 

.034 

18 

.061 

24 

.082 

30 

.126 

36 

.167 


The mills rolling sheet Iron In the United States generally 
use the lollowitig, which varies slightly from the Birmingham gauge: 


No. 

lbs per 1 
sq ft 

No. 

It'S per 
sq ft 

No. 

lbs per 
sq ft 

No. 

lbs per 
sq ft 

1 

12 50 

8 

6.86 

15 

2.81 

22 

1.25 

2 

12.00 

9 

6.24 

36 

2.60 

23 

1.12 

3 

11.00 

10 

5.62 

17 

2.18 

24 

1.00 

4 

10.00 

11 

5.00 

18 

1.86 

25 

.90 

6 

8.75 

12 

4.38 

19 

1.70 

, 26 

.80 

6 

8.12 

13 

3.75 

20 

1.54 

I 27 

.72 

7 

7.50 

14 

8.12 

21 

1.40 

1 28 

.64 


When wire, sheet-metal, ate., are ordered by gauge number, and it is 
lot specified what gauge is intended; dealeis in the United States fill the order as 
fellows: 

Brass, bronze or German Silver in sheets, German Silver wire, brazed brass, bronze, 
dne or copper tubing, by Brown & Sharpe’s (or “ American ”) gauge. 

Copper in sheets; brass and copper wire; seamless brass, bronze or copper tubing; 
«ad small brass rods; by Stubs’ (or Birmingham) gauge. 


UiiKmealed °r hard brans wire baa about ijiths the strengths of the table 
p. 1173, amt about % more •.eight. If annealed, only full half the strength. 

Hard capper wire may be taken at % of the tabular streugtha, and full 
yj more weight. ® ’ 
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MAXVTEtM. 



The table gives the maximum 

and the minimum weight of each section 
The minimum weights are standard 
Others are special. 


Cantion.—With very short spans, 
the loads found by means of columns 
C, aud Cm, although safe against bend" 
inff, may be so great as to endanger a 
crushing of the ends of the beam, or of 
the walls, etc., under them, unless the 
beam has, at its ends, a greater length of 
bearing than would otherwise be needed. 


I 

■ 

R 

ius. 

r 

ins. 

X 

fts. 

lbs. 

D 

ins. 

8ection 

index. 

430.2 

12.19 

5.16 

0.868 

57.4 

611,900 

478,000 

8.53 

C 1 

312.6 

8.23 

6.62 

0.912 

41.7 

444,500 

347,300 

9.50 

“ 

197.0 

6.63 

4.09 

0.731 

32.8 

350,200 

273,600 

6.60 

C 2 

128.1 

3.91 

4.61 

0.805 

21.4 

227,800 

178,000 

7.67 

“ 

115.5 

4.66 

3.35 

0.672 

23.1 

246.400 

192,500 

6.17 

C 8 

66.9 

2.30 

3.87 

0.718 

13.4 

142,700 

111,500 

6.33 

“ 

70.7 

2.98 

3.10 

0.637 

15 7 

167,600 

130,900 

4.84 

C 4 

47.3 

1.77 

3.49 

0.674 

10.6 

112,200 

87,600 

5.63 

44 

47.8 

2.25 

2.77 

0.600 

11.9 

127,400 

99,500 

4.23 

C 5 

32.3 

1.33 

3.11 

0.63U 

8.1 

8 G, 100 

67,300 

4.94 

“ 

83.2 

1.85 

2 39 

0 565 

9.5 

101,100 

79,000 

3.48 

C 6 

21.1 

0.98 

2.72 

0 586 

6.0 

66,800 

52,200 

4.22 

41 

19.Ef 

1.28 

2.07 

0.529 

6.5 

69,500 

54,300 

2.91 

C 7 

13.0 

0.71) 

2.34 

0.542 

4.3 

46,200 

36,100 

8.52 

“ 

10.4 

0.82 

1.75 

0.493 

4.2 

44,400 

34,700 

2.84 

C 8 

7.4 

0.48 

1.95 

0.498 

3.0 

31,600 

24,700 

2.79 

“ 

4.6 

0.44 

1.46 

0.455 

2.3 

24,400 

19,000 

1.85 

C 9 

3.8 

0.32 

1.56 

0.453 

1.9 

20,200 

15,800 

2.06 

“ 

2.1 

0.31 

1,08 

0.421 

1.4 

14,700 

11,500 

1.07 

C 72 

1.6 

0.20 

1.17 

0.409 

1.1 

11,600 

9,100 

1.31 

“ 


The weight of a 4-inch arch, with its concrete filling and wooden flooring, bat 
sxclusive of the beams, is about 70 lbs. per Rauare foot, of floor. 

A dense crowd of persons will hardly weigh more than 80 lbs. per square foot. 



Each center, 0, has fastened to It at each end a bent iron strap, h. forming a 
Hook by which the center is suspended from the lower flanges of the beams. 


42 
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ANGLES AND T SHAPES. 


CARNEGIE ANGLES 


d 


* distance between center of gravity and back of flange W 

. tt <1 (t li II II il ii J£ 


1,1 - moment of inertia; I, about XY; i, about A B 

X, x = least “section modulus”; X, “ “ x, 44 41 =■ -g- 1 

R, R' - radius of gyration; R, 44 44 R% 44 44 

r -- least radius of gyration, about neutral axis forming acute angle a 

with each flange. In angles with equal legs, a = 45° 


C = coefficient for uniformly distributed safe load: 'i 

(!«, for static loads; fibre stress — 16,000 lbs. >For T shapes only, 
for moving loads; fibre stress == 12,000lbs j 



Size 

Thick- 

Weight 

Area of 

d 



i 

index. ! 

II VV 

ins. IDS. 

nesss 

ins. 

per ft 
tbs. i 

section 
sq ius. 

ins. 

ius. 



Angles with Unequal Legs. 


•A 150 

7 

x 3 y. 


32.3 

9 50 

2.71 

0 96 

45.37 

7.53 

♦A 1H 

7 

X Sj| 

i. 

15.0 

4 40 

2.50 

0.75 

22.56 

3.95 

A 89 

6 

X 4 

1 

30 6 

9.00 

2 17 

1.17 

30 75 

10.75 

A 168 

6 

X4 

% 

12.3 

3.61 

1.94 

0.94 

13.47 

4.90 

A 92 

6 

X 3Vo 

1 

28 9 

8 50 

2 26 

1.01 

29.24 

7.21 

A 177 

6 

X3 % 

% 

11 7 

3.42 

2.04 

0.79 

12 86 

3.34 

•A 178 

5 

X 4 

% 

24 2 

711 

1.71 

1.21 

16 42 

9.23 

•A 186 

5 

X4 

% 

11.0 

3.23 

1.53 

1.03 

8.14 

4.67 

A 187 

5 

x 3 y. 


22.7 

6.67 

1.79 

1.04 

15.67 

6 21 

A 96 

5 

x 3 'X 

i B a 

8.7 

2.56 

1.59 

0.84 

6 60 

2.72 

A 196 

5 

X 3 

li 

19.9 

5 81 

1 86 

0 86 

13.98 

3 71 

A 280 

5 

X 3 

h 

8.2 

2.40 

1.68 

0.68 

6.26 

1.75 

* A 204 

4\', 

X 3 

!l 

18 5 

5 43 

1.65 

0 90 

10.33 

3.60 

♦A 97 

i 434X3 

/ij 

7.7 

2 25 

1.47 

0.72 

4.69 

1.73 

♦A 212 

4 

X3K 

li 

18 5 

5.43 

1.36 

1.11 

7.77 

5 49 

♦A 98 

4 

X 3j|| 

/a 

7.7 

2.25 

1.18 

0.93 

3.56 

* 2.59 

A 220 

4 

X 3 

li 

171 

5.03 

1.44 

0.94 

7.34 

3.47 

A 228 

4 

X 3 

T8 

7.1 

2.09 

1.26 

0.76 

3.38 

1.65 

A 229 

3U X 3 

li 

15 7 

4.62 

1 23 

0.98 

4.98 

3.33 

A 237 

,»>5 

X 3 

* 

6.6 

1.93 

1.06 

0.81 

2.83 

1.58 

A 238 

3%X2% 

li 

12 4 

3.65 

1 27 

0 77 

4 13 

1.72 

A 245 

3/1 X 

u 

4.9 

1.44 

1.11 

0.61 

1.80 

0.78 

•A 246 

3^X2 

fa 1 

90 

2.64 

1.21 

0 59 

2.64 

0.75 

•A 251 

3J4X2 

k 

4.3 

1.25 

1.09 

0.48 

1.36 

0.40 

A 252 

3 

X2K 


9.5 

2.78 

1.02 

0.77 1 

2 28 

1.42 

A 257 

3 

X2^ 

tt 

4.5 

1.31 

0.91 

0.66 

1.17 

0.74 

♦A 258 

3 

X 2 


7.7 

2.25 

1.08 

0.58 

1.92 

0.67 

♦A 262 

3 

X* 

tt 

4.0 

1.19 

0.99 

0.49 

1.09 

0.39 

A 264 

2% 

X 2 

K 1 

6.8 

2.00 

0.88 

0.63 

1.14 

0.64 

A 269 

$ 

X 2 

t \ 

2.8 

0.81 

0.76 

0.51 

0.51 

0.29 

♦A 270 

2>4 x 1 K 

% 

5.5 

1.63 

0 86 

0.48 

0.82 

0.26 

♦A 275 

2H X 1 V, 

A 

2.3 

0.67 

0.75 

0.37 

0.34 

0.12 

♦ A 276 

2 


M 

2.7 

0.78 

0 69 

0.37 

0.37 

0.12 

•A 277 

2 

xiy, 

A 

2.1 

0.60 

0.66 

0.35 

0.24 

0.09 

•A 278 


XI 1 

54 

1.8 

0.53 

0.48 

0.29 

0.09 

0.04 

•A 279 

i % 

X 1 : 

% 

1.0 

0.28 

• 0.44 

0.26 

0.05 

0.02 


♦ Special sections. t^or M aud S see p. 1174 or p. 1176. 
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and t shapes. 





Section 

Index. 


Maximum and Minimum Weight of each Section. 


10.58 2.96 2.19 0.89 0.88 |. A 150* 

5.01 1.47 2.26 0.95 0.89 . A 159* 

8.02 3.79 1.85 1.09 0.85 . A 89 

3.32 1.G0 1.93 1.17 0.88 . A168 

7.83 2.90 1.85 0 92 0.74 . A 92 

3.25 1.23 1.94 0.99 0 77 . A 177 

4.99 3.31 1 52 1 14 0.84 . A 178* 

2.34 1.57 1.59 1.20 0.86 . . A 186* 

4.88 2 52 1.53 0.96 0 75 . A187 

1.94 1.02 1.61 1.03 0 76 . A 96 

4.45 1 74 1.55 0.80 0.64 . . A 196 

1.89 0.75 1.61 0 85 0.66 . A 280 

8.62 1.71 1.38 0.81 0.64 . A 204* 

1.54 0.76 1.44 0.88 0.66 (. A 97* 

2.92 2.30 1 19 1.01 0.72 j. A 212* 

1.26 1.01 1.26 1.07 0.73 |. A 98* 

2.87 1 68 1 21 0 83 0 64 1. A 220 

1.23 0.74 1.27 0.89 0.65 j. A 228 

2.20 1.65 1.04 0.85 0.62 .. A 229 

0.96 0.72 1.10 0.90 0.63 j . A 237, 

1.85 0 99 1.06 0 67 0.53 1 . A 238 

0.75 0.41 1.12 0.74 0.54 '. A 245 

1.30 0.53 1.00 0.53 0 44 1 . A 246* 

0.63 0.26 1.04 0.57 0.45 ! . A 251 * 

1.15 0.82 0.91 0.72 - 0.52 \ . A 252 

0.56 0.40 0.95 0.75 0.53 1 . A 257 

1.00 0.47 0.92 0.55 0.43 ] > . A 258* 

0.64 0.25 0 95 0.57 0.43 j . A 262* 

0.70 0.46 0.75 0.56 0.42 .. A 264 

0.29 0.20 0.79 0.60 0.43 . :. A 269 

0.59 0 26 0 71 0.40 0.39 1. A 270* 

0.23 0.11 0.72 0.43 0.40 .>. A 275* 

0.23 0.12 0.63 0.39 0.30 . . . A 276* 

0.18 0.09 0.63 0.40 0.31 . A 277* 

0.09 0 05 0.41 0.27 0.22 . A 278* 

0.06 0.03 0.44 0.29 0.22 . A 279* 


♦Special sections 
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AHGUES AXD T SHAPES. 


cAKtmeas Axeum 


d 

■ 


— distance between center of gravity and hack of flange W 


1,1 =• moment of Inertia; I, about XY j i, about A B 

X, x =* least “section modulus”; X, “ “ x, “ “ =■ "j* 

B, R'= radius of gyration; R, 44 “ R% 44 44 

r ® leust radius of gyration, about neutral axis forming acute angle a 
with each flauge. In angles with equal legs, a = 45° 


C ■** coefficient for uniformly distributed safe load: ) 

C, for static loads; fibre stress — 16,000 Ibs.» >For T shapes only. 
C n \, for moving loads; fibre stress ** 12,000 lbs. J 



Size 

Thick- 

Weight 

Area of 

d 



1 

index. 

II W 

ins. ius. 

nesss 

ins. 

per ft 
Ibs. 

section 
sq ins. 

ins. 

ins. 



Angles with Equal Legs. 



• Special sections. fFor M and S see p. 1174 or p. 1176. 













































































X x R | B‘ r « s Cm Section 

__I__ 

Maximum and Minimum Weight of each Section. 


17.53 . 2.42 1.55 !. A 113 

8.37 2.50 1.58 1. A 103 

8.57 1.80 1.16 1. A 86 

3.53 . 1.88 1.19 |. A 88 

6.80 1.48 0.96 ,. A 94* 

2 42 1.56 0.99 !. A 17* 

3.01 . 1.18 0.77 '. A 18 

1.29 . 1.24 0.79 1 . A 90 

2.25 1.02 0.67 !. A 26 

0 98 1.08 . 0 69 A 99 

1.30 0.88 0.57 A 34 

0 58 . 0 93 0.59 1 . A 40 

0.89 0.82 0.52 A 41* 

0.48 0.85 0.55 1 . A 45* 

0 73 0.74 . 0 47 A 46 

0.30 . 0.78 . 0.49 . A 100 

0.58 0.66 0.43 A 51* 

0.24 . 0.70 . 0.44 . A 101* 

0.40 . 0.59 0.39 !. A 56 

0 19 1. 0.62 0.40 '. A 60 

0.30 . 0.51 0.33 1. A 61 

0.14 0.54 0.35 1 . A 65 

0.19 . 0.44 0.29 '. A 66 

0 070 . 0.46 0.80 1. A 102 

0.109 . 0.36 . 0 23 '. A 70 

0.049 . 0.38 0.25 !. A 78 

0.056 . 0 29 0.19 \ . A 78 

0.031 . 0.31 0.20 A 80 

0.033 .. 0.26 . 0.18 .... A 81* 

0.023 . 0.26 0.19 A 82* 

0.024 . 0.22 . 0.16 .... A 88 

0.017 1 . 0.23 0.17 A 84 


Selected Sections. 


1.18 

8.10 

0.88 

1.52 

1.94 

1.21 


0.87 


0.42 


0.19 




* Special sections. 
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SEPARATORS FOR I BEAMS. 


CARNEGIE STANDARD CANT IRON SEPARATOR# FOB 
I BEAMS. 




Separators for 18", 20" and 24" beams are made of %" metal 
“ “ 6" to 15" beams are made of %" metal. 

“ “ 5" beams and under are made of %" metal. 


Designation 
of Beam. 

Distances. | 

__ i 

Bolts. 

Weights. 

Section Index. 

d 

a. 

& 

Weight. 

■si 

3 = 

f * 

3 be 

°5 

«3 

i. 

o> 

M 

r° 

s 

N | 

s 

Distance 
center to center. 

1 

p 

® 

A 

3 

A 

*3 

a 

1 

i 1 

S-Ss 

c- 

= 3 0 

■a ^*2 

.gS S 
£2S. 

m 

® g- 

O 'O 

a r3 

►h as 

o 

rt 

cT 

eo 

4. i 

"J 

•=2« 

® ea a 

ri 

3 •S 


Ins. 

| Lbs. 

Ins. 

Ins. 

In. 

j 'Ins. 

Ins. 

Lbs. 

Lbs. 

Lbs 

Lbs. 


Separators with Two Bolts. 


B 

1 

24 

80. 


\ % 

% 

12 

sg 

8 VS 

3.41 

.250 

.12. 

5.50 

B 

2 


mm 

m 


% 


3 41 

« 

ES 

3.10 

H 

3 

20 

65. 

13*4 

7 

n 

10 

3.23 



3.10 

B 

80 

18 

55. 

12M 

?d 

6« 

% 

9 

8$ 

3.16 

44 

16. 

2.75 

K 

4 

15 

n 

13 il 

i®i 

J.J'* 

7% 

9 

3.35 

41 

15. 

1.75 

B 

5 

15 

60. 


7% 

8 K 

3 23 

II 

15. 

1.75 

B 

7 

15 

42. 

n« 

6iJ 


7% 


2.98 

44 

15. 

1.75 

B 

8 

12 

40. 

n<l 

6 

wjM 

6 

7% 

2.98 

44 

11. 

1.50 

B 

9 

12 

31.5 


. PA 

M 

6 

1% 

2.92 

44 

11. 

1.50 


Separators with One Bolt. 


B 8 

12 

40.0 


6 



V/, 

1.4» 

.125 

10. 

1.50 

B 9 

12 

31.5 

lojl 

PA 



1'A 

1.46 

i< 

10. 

1.50 

B 11 

10 

25 0 

io>| 

5% 

$ 


6 % 

1.40 


8. 

1.25 

B 13 

9 

21.0 

9ft 

5 




1.34 

44 

7. 

1.20 

B 15 

8 

18.0 

8 % 

Qi 

% 


PA 

1.28 


6. 

1.00 

B 17 

7 

15.0 

iy» 

*A 

% 


EM 

1.25 

44* 

4 

.75 

B 19 

6 

12.25 

7, V 

4 

Zi 


sV, 

1.22 


4. 

.60 

B 21 

5 

9.75 


3 y % 

Zi 


4K 

1.16 

44 

3. 

.50 

B 23 

4 

7.50 

i 


% 


4$ 

1.18 

44 

3. 

.40 

B 77 

S 

5.50 

*■ 

% 


41 

0.70 

.09 

2. 

.25 







































18-incti columns. | IQ-inch colMmni. i 8-lnch column**. 6-inch columns. 
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Z-BAR COLUMNS. 


CARNEGIE STEEL Z-BAR COLUMNS. 

Table of Safe Loads as given by Carnegie Steel Co., for columns with 
square ends. Safety factor = 4. The loads given are based upon the following 
allowed stresses in pounds ]>er square inch: 

For lengths of 90 radii or loss, 12,000. 

“ “ over 90 radii, 17,100 - 57 --. 

Each Z-bar column to made up of four Z-Cars and one web-plate (all of uni> 
form thickness) boiled or riveted together, as shown in the figure on page 1183. 


6-Inch Steel Z-bar Columns. 

Composed of four Z-bars about 3 inches d<ep and one weh-jJlate 5% inches wide 


Thickness of metal,) 
inch. j 

i 

A 

1 

A 

1 

A 

Area of section, sq. 1 
ins. / 

9.31 

11.7 

13.6 

16.0 

17.6 

20.0 

Weight per yard, 1 1 
pounds / 

95.1 

119.4 

138.6 

162.9 

179.7 

203.7 

Least rad of gyr, ) 
inches. j 

1.86 

1.90 

1.88 

1.93 

1.90 

1.95 

Length of column, i 
Feet. 

Safe load of column, in pounds. 

12 or less. 

111800 

140600 

163200 

191600 

1 211400 

239600 

14 

111400 

140600 

163200 

191600 

211400 

239600 

16 

104600 

133000 

153200 

182600 

199800 

229600 

18 

97600 

124600 

143400 

171200 

187200 

215600 

20 

90800 

116200 

133400 

159800 

174400 

201600 

22 

84000 

107800 

123600 

148600 

161800 

187600 

24 

77200 

99400 

113800 

137200 

149200 

173600 

26 

70400 

91000 

103800 

12G000 

136400 

159600 

28 

63400 

82600 

94000 

114600 

123800 

145600 

30 

56600 

74200 

84000 

103400 

111000 

131600 


8-inch Z-bar Columns. 


Composed of four Z-bars about 4 inches deep and one web-plate 6% inches wide. 


Thickness of metal, V 
inch. / 

Area of section, sq. \ 
ins. ) 

i 

A 

i 

A 

1 

A 

24.8 


« 

i 

11.3 

14.1 

17.1 

19.0 

21.9 

29.0 

31.9 

Weight per yard,) 
pounds. j 

114.9 

144.3 

174.0 

194.1 

221.1 

252.3 

267.6 

296.4 

325.2 

Least rad of gyr,) 
inches. ) 

2.47 

2.52 

2.57 

2.49 

2.65 

2.60 

2.52 

2.58 

2.63 

Length of column. 
Feet. 

Safe load of column, in pounds. 



fWjJ 




3ES 


348600 

382400 

20 

18000C 


[ptluiiijl 



mm 

[..iViVi, 

342600 

mAol 

22 

\mZVi 

nycfffl 

19180C 




y*7?[i.i] 

SWrOTil 

362600 

24 

11760C 



20020C 


TTTTfi 

278200 

tilifiti.il 

346000 

26 

11140C 

14200C 

173604 

189604] 

VA Pi’ii 

mm 


296200 

tjyjjitrji 

28 

105200 

13420t 

164600 17920C 


"ii.'iii 




80 

9880C 

12660( 

15540C 

16880C 

irVZATil 

227600 


IvjWjV 

296400 

82 

9260( 

11900( 

14640C 

15840C 

18600C 

214600 

221200 

iTOTJ 

279800 

84 

8640( 

11120t 

187404. 

14800C 

174200 

201600 

207000 

234600 


86 

8020f 


128201 

13740(1 

162400 

188600 

192800 

219200 


88 

74000 


iTTvTilu 

127000 


178800 

203800 

230000 

40 

67800 

88200 


lEJiaiMia 

Egal 

Eiai 

213400 
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CARNEGIE STEEL Z-BAR COLUMNS. 
Table of Safe Loads (continued). 

10-inch Steel Z-bar Columns. 


Composed of four Z-bars about 5 inches deep and one web-plate 7 inches wide. 


Thickness of metal,) 
inch. j 

A 

1 

IS 

i 

IS 

1 


i 

H 

Area of section, sq. \ 
ins. / 

16.8 

19.0 

22.3 

24.5 

27.7 

m 

32.7 

35.8 

39.0 

Weight per yard,) 
pounds. J 

161.1 

194.1 

313 

227.4 

3.18 

249.9 

282.6 

316.6 


368.4 

397.8 

Least rad of gyr, ) 
inches. j 

3.08 

3.10 

3.15 

3.21 

3.13 

3.18 

3.25 

Length of column. 
Feet. 

Safe load of column, in pounds. 

22 or less. 

24 

26 

28 

30 

32 

34 

36 

88 

40 

42 

44 

46 

48 

60 

189400 228400 
185600 225200 
1786001217200 
171600 208800 
164600 200400 
157600 192200 
150600183800 
143600' 175600 
136600167200 
129600158800 
122600 150600 
115400 142200 
108400 134000 
101400 125600 
94400117200 

267800 

266200 

256600 

247000 

237400 

227600 

218200 

208600 

199000 

189400 

179800 

170200 

160600 

151000 

141400 

294000 

289200 

278400 

267600 

256800 

246000 

235200 

224400 

213600 

202800 

192000 

181200 

170400 

159600 

148800 

332400 

329600 

317400 

305400 

293400 

281400 

269400 

257400 

245400 

233400 

221200 

209200 

197200 

185200 

173200 

371200 

370600 

■557400 

*44200 

331000 

317800 

104600 

291400 

278200 

265000 

251800 

238600 

225400 

212200 

199000 

392000 

387200 

373000 

358600 

344400 

330000 

315800 

301400 

287200 

273000 

258800 

244400 

230200 

215800 

201600 

429800 

427800 

412400 

397000 

381600 

366200 

350800 

335600 

320000 

304600 

289200 

273800 

258400 

243000 

227600 

468000 

468000 

453200 

436800 

420400 

404000 

387600 

371200 

354800 

338200 

321800 

305400 

289000 

272600 

256200 


12-inch Steel Z-bar Columns. 

Composed of four Z bars about 6 inches deep and one web-plate 8 inches wide. 


Thickness of metal,) 
inch. j' 

Area of section, sq.) 

JM._J 

Weight per yard,) j 
pounds. j 

21.4 

A 

i 

A 

t 

H 

i 

H 

i 

25.0 

255.6 

28.8 

31.2 

34.8 

38.5 

40.5 

44.1 

47.7 

218.1 

293.4 

318.6 

355.5 

392.7 

418.4 

449.7 

486.8 

Least rad of gyr,) > 
inches. J ; 

8.67 

8.72 

3.77 

3.70 

3.75 

8.73 

3.68 

3.66 

8.64 

Length of column. 
Feet. 

Safe load of column, in pounds. 

26 or less. 

28 

30 

32 

84 

36 

88 

40 

42 

44 

46 

48 

50 

256600 

254000 

246000 

238000 

230200 

222200 

1214200 

206200 

198200 

190200: 

182400 

174400 

166400 

300600 

299400 

290200 

281000 

271800 

262600 

253400 

244200 

235000 

225800 

216600 

,207200 

198200 

345200 

345000 

335200 

324800 

314400 

304000 

293600 

283000 

272600 

262200 

252400 

241400 

281000 

374600 418200 462000]486000 
3720001417800 460600'481600 
360400140.5000 446600'466400 
349000 392200j432600!451400 
337400 379600 4184001436400 
325800 3668001404200 421200 
314200 354000 390200 406200 
302800,341400 876000 391200 
291000,828800!361800:376000 
279600<816000'347800,361000 
268000'303200j833600|345800 
256400-290600 319600 330800 
244800,277800l305400|ol5800 

i529000|572200 
1522800,564200 
5064001546400 
490000.528400 
473400I510400 
4568001492600 
440400474600 
4238001456600 
4074001438800 
391000 420800 
3744001402800 
358000 384800 
3414001367000 


For loads greater than those given In the tables, the Z-bar 
columns may be re-enforced by additional plates, riveted to the flanges. The 
addition of such plates does not in any case diminish the least radius of gyra¬ 
tion. Hence the same load per square inch c f ci oss-section may be used. 
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PHCENIX COLUMNS. 


Table of rolled-iron segment-columns of tbe Phoenix 
Iron Co, 410 Walnut St, Philada. 


The dimensions given 
are Bubject to slight variations winch are unavoidable 
in rolling iron Bhupes. The weights of columns given 
are those of the 4, 6, or 8 segments, of which they are 
composed The ahunks of the rivets used m joining them 
together, of course, merely make up the quantity ot metal 
punched or drilled out, in making the holes; hut the rivet* 
heads add from !i to 6 per cent to the weights given. The 
rivets are Mpaced 3, 4, or 6 ins apart from cen to 
cen. 

Any desired thickness between the minimum 
and maximum for any given size, can he in unshed. 
We give the dimensions, weights, Ac, corresponding tc 

---D -*i the principal thicknesses, (i columns have 8 segment*, 

E, 6 segments. All others, 4 segments. 
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THE GRAY COLUMN. 

The Gray Column, designed and patented by Mr. J. II. Gray, consist* 
Jn its original form, of angles, connected at intervals D (generally of 2 ft 6 ins) 
by transverse bent tie-plates T, usually 9 X% ins. This construction renders 
the parts of the column easily accessible, for painting, etc., but under trans¬ 
verse or buckling stresses the column must act somewhat like a rectangular 
frame without diagonals. To remedy this, a later form, the “twelve-angle” 
column, Fig 5, has been designed, having, in the square column, Figs 1 and 2, 
instead of the bent tie-plates T, four additional angles, running longitudinally 
like the others, and placed centrally, as shown. These angles supply the column 
with two webs, intersecting at right angles. 

Figs 1 and 2 show the Rquare column, used in the interior of buildings. It fa 
used chiefly in the 14,15, and 16 inch sizes. Fig 2 shows plates riveted to the 
outer flanges, as is done in some of the heaviest columns. Figs 8 and 4 Hhow the 
wall and corner columns respectively. Fig 6 shows the “ twelve-angle” column, 
and Fig 6 one of many forms of fireproofing, with plaster laid on terra cotta 
blocks. The rivets are usually % inch in diameter. 

The safe load, in pounds per sq inch, of the ordinary column, fa stated as 
17,100 — 57 where L =* length of column and r =» its least rad of gyration. 

The cost of the Gray columu, at shop, is from 1 to 1.5 cents per lb plus th« 
coat of the angles. 



Fig. 4. 


80 
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THE GRAY COLUMN. 


Gray Column. List of Selected Sloe*. 


Sixe 1 
8 | 

Angles 

Area 

I 

r 

Least 

rad. 

r* 

Safe loads* for 
column lengths 
of 

las. 1 

ins. 

j sqin. 

Mom 
of in. ! 

of gyr. 
ins. 


12 ft. | 30 ft. 


Square Columns. Figs. 1 and 2. 


9 

2 

x 2 y,x x 

8.48 

64 

2.7 

7.3 

115 

80 

4 ‘ 

2 

X 3 

x a 

18.00 

119 

2.6 

6.8 

250 

165 

10 


5X2KX V*. 

9.52 

95 

3.1 

9.6 

135 

100 

“ 


I X 3 

X % 

20.00 

179 

3.0 

9.0 

285 

205 

12 

3 

X 3 

X % 

16.88 

241 

3.8 

14.4 

250 

195 

“ 

3 

X6 

x y 9 

30.00 

327 

3.3 

10.9 

435 

325 

13 

3 

X 3 

x % 

16.88 

285 

4.1 

16.8 

255 

205 

“ 

3 

X 5 

x % 

43.52 

552 

3.6 

13.0 

645 

495 

14 

3 

X 3 

x V. 

16.88 

336 

4.5 

20.2 

255 

210 

“ 

3 

X3^X % 

29.36 

526 

4.3 

18.5 

445 

360 


3 

X 4 

x y % 

26.00 

444 

4.2 

17.6 

390 

315 


3 

X 5 

X K 

30.00 

463 

40 

16.0 

450 

355 


3V 

X 3% X % 

31.92 

597 

4.4 

19.4 

485 

395 

“ 

3w 

i X 5 

X % 

39.36 

624 

4.0 

16.0 

590 

470 


8V 

i X 6 

x ^ 

36.00 

526 

3.8 

14.4 

535 

420 

15 

3 

X3 

x % 

22.00 

496 

4.8 

23.0 

835 

280 


3«k 

X 3)4 X % 

31.92 

693 

47 

22.1 

490 

405 

“ 

3> 

X 5 

X % 

39.36 

731 

4.4 

19.4 

600 

490 

u 

4 

X4 


30.00 

653 

4.7 

22.1 

440 

380 

ii 

4 

X 5 

X % 

41.84 

817 

44 

19.4 

635 

520 

u 

4 

X 6 

y % 

46 88 

828 

42 

17.6 

710 

570 

16 

3 

X 3 

X ft 

22.00 

570 

5.1 

26.0 

340 

285 

ti 

4 

X 4 


36.88 

912 

5.0 

25.0 

570 

480 

“ 

4 

X 6 

y 

55.52 

1134 

46 

21.2 

850 

700 

18 

3 

X 3 

x p 

22.00 

746 

5.8 

33.6 

345 

300 


4 

X 4 


36.88 

1182 

5.7 

32.5 

575 

495 


5 

XI 

X % 

46.88 

1465 

5.6 

31.4 

730 

630 

20 

4 

X 4 

X % 

36.88 

1485 

6.4 

41.0 

580 

510 

“ 

6 

X 6 

x % 

67.52 

2588 

6.2 

38.4 

1065 

930 

80 

5 

X 4 

x % 

41.80 

4147 

9.9 

98.0 

680 

680 

it 

6 

X 3 

XH 

264.40 

22688 

9.2 

84.6 

4285 

3930 


'Wall Columns. Fig. 3. 


12 

3 

X4 

X 


14.88 

94 

2.5 

6.2 

205 

130 

14 

3 

X3^X 

1 

18.00 

160 

3.0 

9.0 

255 

185 

“ 

8V 

X 5 

X 

2 

29.52 

241 

2.9 

8.4 

420 

295 

15 

Sy 

X 4 

X 

2 

21.00 

217 

3.3 

10.9 

305 

225 

“ 

4 

X 5 

X 

2 

.31.38 

317 

3.2 

10.2 

455 

335 

16 

3 

X 3 

* 

2 

16.50 

200 

3.5 

12.2 

240 

185 

“ 

4 

X 6 

X 

2 

35.16 

875 

3.3 

10.9 

510 

380 

18 

4 

X 4 

X 

2 

27.66 

434 

4.0 

16.0 

415 

330 

20 

4 

X 5 

X 


81.38 

562 

4.2 

17.6 

475 

380 

80 

5 

X 4 

X 

2 

31.38 

1408 

6.8 

46.2 

495 

440 


6 

X 6 


198.30 

8937 

6.7 

44.9 

8150 

2785 


Corner Columns. Fig. 4. 


SXXWX li 

23.48 

272 

3.4 

11.6 

345 

260 

8XX3KX X 

15.75 

288 

4.3 

18.5 

240 

195 

* X5 X % 

24.91 , 

425 

4.2 

17.6 

| 875 

305 


• * In thousands of fcs, by formula: Safe load =» 17100 — 57 ^ In lbs per aq in. 
tThree 1-in platee riveted to each pair of angles. Fig. 2. 
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IRON AND STEEL COLUMNS. 

For columns in general. Bee pp 495. etc. 

For wooden columns, see pp 1143, etc. 


List of References. 

(1) Steel in Construction, Pencoyd Iron Works, 12th Ed, 1900. 

(2) Cambria Steel Co, Handbook, 1907. 

(3) Carnegie Steel Co, Pocket Companion, 1903. 

(4) Phoenix Iron Co, Hand Book, 1906. 

(5) Bethlehem Steel Co, Structural Steel, 1907. 

(6) Passaic Steel Co, Manual, 1903. 

(7) Acts and Resolves of the Massachusetts Legislature, 1907. 

(8) Trans Am Soc C E, Vol 15, p 530, July 1886. 

(9) Trans Am Soc C E, Vol 20, p 258, June 1889. 

(10) Trans Am Soc C E, Vol 54, June 1905. 

(11) New York Building Code, Approved Oct 24, 1899, with amendment* 

to April 12, 1906. 

(12) Eng News, Jan 13, 1898, pp 27, etc. 

(13) Eng News, June 30, 1898, p 424. 

(14) Modern Framed Structures, by J. B. Johnson, New York, John 

Wiley & Sons, 1893. 

(15) City of New York. Department of Bridges, Specifications for the 

Design of Municipal Bridges, 1907. 

(16) Mitteilungen der Materialprufuugsanstalt am schweizerischen Poly- 

techmkum in Zurich, Heft VIII, 1896. 

(17) “Tests of Metals etc,” Watertown Arsenal. Year ending June 30, 

1888. 

(18) “Tests of Metals etc,” Watertown Arsenal. Years ending June 30, 

1886, 1890, 1894. 

1. For economy of material, iron and steel columns are almost invariably 
hollow. Cast iron columns are usually round or rectangular; while struc¬ 
tural steel columns are usually of some special or built-up ^shape, see Figs 
1 to 12 and ppll86, 1187. 


+ XT3TIIH 


HHHDDH 

7 8 9 10 11 13 

Figs. 1 to 12. 

2. Owing to displacement of the core, in casting, cast Iron columns 
are apt to be much thinner on one side than on the other. They are liable 
to initial stresses, due to unequal contraction in cooling, and are objectionable 
also on account of the brittleness and relative unreliability of the material 
and its low tensile strength. When the metal, for very.long columns, is 
poured at both ends of the mold, it may become bo chilled that the two 
portions do not unite perfectly at the center. A weak place is thus left 
just where the max bending moment occurs. Entrained air produces blow¬ 
holes and honeycomb; and impurities, collecting at the bottom of the mold, 
weaken the casting. See also U 14. 

See Columns in General, HU 9, 10,13, and 35 to 43, pp 495, etc., 498 c. eta 
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3. Avoid designs which, like those shown at y and at a a, Fig 13, bring 
part of the wall of the column out from the line of pres, inducing bending 
moments in the metal. 



o 


Fig. 13. 

4. Use preferably a simpler form, as at b, or a stiaight col, ocd, to which 
any such ornaments, as at y, may be attached. 

5. Figs 1 to 12 show common forum of colnmns built up of steel 
angles, plates, channels, and Z-bars. “ t'losod ” sections. Figs 4 to 7, 
cannot be repainted internally. They are therefore suitable only for dry 
situations where temp changes are slight. In Figs 8,10, 11, 12, the flanges 
should be placed far enough apart to permit machine-riveting. 

6. Figs 14 to 17, from “ Cambria Steel,” show details of connections 
between one column and another and between columns and beams, as 
markt. Figs 18 to 20, from “ Cambria Steel,” show arrangement for bases 
of columns, as markt. 

7. It In customary to provide that K, = L/r, shall not 
exceed about 123; but, in light structures, K sometimes greatly ex¬ 
ceeds this limit. Thus, in eleven transmission towers, K ranged from 111 
to 300. Where it reached 300, the member consisted of 1 angle, 2 X 2 X 
ifc inch, L = 120 ins ; r “ 0.4 iuch. (R. I). Coombs, Am Soc Civ Engrs, 
Trans, Vol 61, Dec 1908, p 202.) 

8. In columns composed of two channels, latticed. Fig 11, 

the channels are usually placed so far apart that the tendency of the column 
will be to deflect in the plane of the webs, i. e., so that the least radius of 
gyration of the column is the greatest radius of gyration of the single channel. 
For proper distances between channels, to secure this result, see pp 1175 and 
1177. 

8. Angle sections being unsymmetrical, the load is usually more or 
less eccentric. Hence the allowable stress, for angle columns, should be less 
than that for symmetrical sections. 

10. Rivets are usually spaced > 3 inches, center to center, near 
the ends of columns, for a distance equal to twice the width of the column. 
Distance between centers of rivets, in line of stress, > 16 times least thick¬ 
ness of metal of the parts joined. Distance between rivets, perp to line of 
stress, > 32 times thickness of metal. 

11. Lattice bars, batten plates and connections, wellKh, to¬ 
gether, 30 % or more of the weights of heavy columns, and 50 or 60 % of the 
weights of the lightest columns. 

12. In building construction, columns may be considered as 
square-ended. Usual factor of safety = 4. See HU 14 and 18. 

13. Columns of apgles or I-beams are usually of soft steel: those of 
plates and angles, channels, plates or Z-bars are usually calculated as for 

medium steel. 

14. Cast iron columns do not permit as rigid connections, to other 
columns or to beams, as do rolled steel and riveted columns. They should 
not be used, in buildings, with a safety factor less than 8. See also 1 " 2, 
12, 18. 
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15. In order to obviate the weakening; effect of 
the rivet hole# in riveted eteel columns, the solid H 
column, rolled in the Grey universal mill, and shown in 
cross section in Fig 21, is employed. 


Fig. 21. 

16. Let loads and stresses be in pounds, dimensions in inches; let 

P* = the total load (supposed to be axial) on the column; 

a = the area of cross section of the column; 

p * = P/a — the average unit load on the column; 

«* = the maximum existing unit stress in any cross section; 

i, — the unit stress at the elastic limit; 
t t *= the maximum unit stress in a short column; 

r =» the least radius of gyration of the cross section; 

D =** the least external diameter, or least external dimension, of th« 
cross section; 

L = the length of the column; 

K = Llr = the length ratio, or slenderness, of col, in terms of r; 

k «= L/D — the length ratio, or slenderness, of col, in terms ol D J 

m *= a coefficient in the Rankine formula; 
c •= a coefficient in the straight-line formula; 

F = safety factor. 

17. We then have 

Rankine formula, (Columns in general, HI! 21-27, pp 497-8); 

V- p la - T+^mKi’’ « - P « + m JP). 

Straight-line formula, (Columns in general, fl 29, p 498). 
p = P/a = s t —cK. 

18. Safety factors. F, proposed by Mr. James Christie (1), p 157, for 
structural steel columns : 

For flat and fixed ends, F *= 3 + 0.010 K 

For hinged and round ends, F = 3 + 0.015 K. 

See 12 and 14. 


* Under any given conditions, P and p are the total load and the avge unit 
load, respectively, corresponding to the extreme fiber stress, «, existing 
under those same conditions. Thus, P, p and a may be those eorresponding 
to ultimate or safe or any other loading. 
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111. Below are given tables of values commonly used in connec¬ 
tion with various formulas for steel and iron columns under static axial 
loading. See Columns in General, pp 495 etc: 


RAWKINE FORMULA. 

P “ a " 1 + m/P ' * ‘ ! + m tk)\ 



As in U 16 : 

p — mean unit load on col ; m = a coefficient; 
s = maximum unit stress in cross section ; 

K ■= L/r -= unsupported length — least radius of gyration. 

See diagram of values of - P = . * —^r-. Fig 22, p 1198. 

8 1 + m hr 

Values of s and of 1/m for steel and Iron columns. 

For list of references, see p 1189. 

TS =* ultimate tensile strength; S e = elastic limit ; YP — yield 
point, all in thousands of pounds per square inch. 


STEEL AND WROUGHT IRON. 
For Building*, Ultimate loads. 

Cambria Steel Co., soft and medium steel; (2) pp 194-7. 
Carnegie Steel Co. (3) pn 143-4, and Phoenix Iron Co. (4) p 88. 


Safety factors; dead load, F — 4; 

live load, F — 5. s 1 / m 

Steel. Soft Medium 

Pin ends. 45,000 50,000 18,000 

One pin end . 45,000 50,000 24,000 

Square ends... 45,000 50,000 36,000 

Passaic Steel Co., wrought iron; (6) p 153. 

Pin ends. 40.000 20,000 

Square ends... 40,000 30,000 

Fixed ends.. , 40.000 40,000 

For Building*, Permissible loads. 

Boston building code,* (7) p 415 Steel . 10,000 20,000 


Wrought iron 12.000 20,000 


Bridge Specifications, Permissible loads. 


Osborn Engineering Co., 1903-4 
TS S e 

Wrought iron : 48 — 

Soft steel ; 52-62 32 

Medium steel: 60-70 35 

Both pin ends .. 

One square end 
Both square ends 


YP Steam Electric H’way 

25 13,000 15,000 18,000 

— 15,000 17.000 20.000 

— 17,000 19.000 22.000 


1 / m 


18,000 

24.000 

36,000 


•The Boston code uses the Rankine formula for steel and wrought iron 
columns; J. R. Worcester’s method for wood; and (apparently; T. H. 
Johnson’s straight-line formula for cast iron. 
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Structural Steel. 

Phila & Reading R R, 1906; TS = 60. 

Pennsylvania R R, revised to Jan 1, 1907; 

Soft; TS - 52 to 62; S, - 28. 

Erie Railroad, 1900; revised to June 1, 1905; 

Soft; TS - 56 to 64; S e - 0.58 TS 
Both ends hinged; ) 

One end fixed; >- 8000 ( 1 + 

Both ends fixed; j '• 


s I / m 

.15,000 13,500 

.16,000 13,500 

min stress \ f 
max stress / ( 3 6,000 

s 1 / m 


New York Central R R, 1904; 

TS = 56 to 64, S K ~ 33. 

Del Lacka & W R R, Nov. 1903; 

Soft; TS = 54 to 62, S e - 0.5 TS; 

Two pin ends. 

One or both ends fixed. 

New York City, Henry B Seaman, 

Consulting Engineer, 1907, Highway bridges 

Wrought iron . 

Medium steel . 

Nickel steel. 

Prof. Mansfield Merriman believes t hat, for steel 
columns, best values for 1/m are about as billows: 

Round ends. 

Pin ends. 

Square ends.I. 

Fixed ends... 


Dead Live 
.16,000 8,000 18,000 


.12,500 8,500 18,000 
.12,500 8,500 24,000 


.16,000 8,000 8.000 

.20,000 10,000 8,000 

.30,000 15,000 8,000 


6,000 

8,000 

18,000 

24,000 


(’AST IRON. 

For Buildings, Ultimate loads. 

Cambria Steel Co (2) p 284; F «» 8; .80,000 8.000* 

Carnegie Steei Co (3) p 148; Pin ends.80,000 4,000* 

Passaic Steel Co (6) p 206; One pin end.80,000 5,500* 

Square ends.80,000 8,000* 

For Buildings, Permissible loads. 

Chicago building code (6) p 119;.10,000 6,000* 


♦The Cambria, Carnegie, Passaic and Chicago formulas, for cast iron 
columns, use k = L/D, instead of K =■ L/r. The values of 1/m, above 
given, are approximate equivalents for the published coefficients. The 
ratio, between the two coeffs, varies with the thickness of the ooluma 
See pp 353 a, 353 b. 
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STRAIGHT-LINE FORMULA. 

p - PI a - t,-cK-. K - L/r ■» *LZ*, 

c 

p — mean unit load on column ; c =» a coefficient; 
s* — maximum unit stress in a short column ; 

K — L/r — unsupported length — least radius of gyration. 


Values of s. and of e, for steel and iron columns. 
Ultimate loads. 


T. H. Johnson (8) 

Wrought iron ;. 

Mild steel ; carbon = 



Flat ends 

Hinged ends 

Round ends 

8* 

c 

K t * 

c* 

K t * 

c 

Kt* 

42,000 

128 

218 

157 

178 

203 

138 

52,500 

179 

195 

220 

159 

2S4 

123 

80,000 

337 

158 

414 

129 

534 

100 

80,000 

438 

122 

537 

99 

693 

77 


15,200 

17,000 


, 12,000 

. 17,100 

, 13,000 
. 16,000 
16,000 


7,000 


58 

60 


70 


Ntructural Steel 
For Rnildin^, Ultimate loads 

8, C C C 

Passaic Steel Co (6) pp 149, 154 Fixed Square Pin 

K, 50 to 150, F = 4 ends ends ends 

Soft (angitis and beams). 54,000 185 200 225 

Medium (Z-bare, channels, plates) 60,000 210 230 260 

For Buildings, Permissible loads. 

s a c 

New York building code, (11) Sec 138 ; . 

Chicago building code, (6) p 119, p mM = 13,500 ;. 

Carnegie Steel Co (3) pp 125-6, F *= 4 ; 
medium steel (Z-bars and channels; 

K >90;. 

JC> 90;. 

Bethlehem Stee) Co (5) p 122 ; 

K <55 ; . 

K > 55 ; > 125; . 

C. C. Schneider, (10) p 494 ;. 

J. R. Worcester, (10) p 418 ;t 
(it/12) max ■* 16 

it/12 from 2 to 4 . 

For each increase of 2, in it/12, deduct 1,000 from 

it/12 from 14 to 16 . 

Railroad Bridge Specifications. 

TS — ultimate tensile strength ; a, = elastic limit; both in thousands 
!>f pounds per square inch. 

*• <* 

American Railway Eng’ng & M of Way Assn, 1906, 

American Bridge Co, 1906, and 

Baltimore & Ohio R R, 1904 ; TS - 60 . 16,000 70 

Theodore Cooper, 1906, Dead load 
Medium; TS - 60 to 70, * - 0.5 TS 

Chord segments, stiffeners. 20,000 90 

Poets.17,000 to 18,000 90 to 80 

Lateral struts. ; . 13,000 60 

For live loads, in lateral Btruts,* take two-thirds the dead load stress; 
elsewhere, one-half. 

For low steel (TS — 55 to 65) deduct 10 per cent from loads for medium 
steel. 

For movable structures, deduct 25 per cent from • loads on stationary 
structures. 


*Kt = value of K for the point of tangency where straight line joins 
Euler’s curve. See Columns in General, f 61, p 498 b. 
t See Columns in General, J 34, p 498 b. 
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Cast Iron 

For Buildings. Ultimate Loads. 

>. « 


Wm. H. Burr, flat ends, (13); . 30,500 160 

J. B. Johnson, flat ends, “ Materials ” p 366 ;. 34,000 88 

For Buildings. Permissible Loads. 

s, c 

New York building code, (11) Sec 138 ; 

Min diam, 5 ins; min thickness, % in, Km.. =* 70 11,300 30 

Boston building code, (7) p 416; «= 70. 

(Cast iron columns forbidden in buildings over 75 

feet high). 11,000 30 


*20. Prof. J. B. Johnson (14) p 150, for ult loads by his parabolic 
formula (see Columns in General, H 28, p 498): 


p ult = a. 


g * 2 E 


s e — c p K 2 , 


gives q *=- 6.4 for hinged ends, q 


Wrought iron, pin ends,. 
Wrought iron, flat ends,. 

Mild steel, pin ends. 

Mild steel, flat ends. 

Here, as in U 16, let 


10 for flat ends, and 


K > 


Cp 

170 

34,000 

0.67 

210 

34,000 

0.43 

150 

42,000 

0.97 

190 

42,000 

0.62 


s e — elastic limit of the material; <* p -= a coefficient; 

K =■ L/r =° unsupported length + least radius of gyration. 


21. Where the least external dimension, I>, (instead of the least 
radius of gyration, r,) is given, the following method (15) for finding the unit 
load, p, by the Rankine formula, may be found convenient: Let 
s =» max permissible fiber stress; 

p = P/a =* «/(l + m K 2 ) = permissible static unit load; 
n a (^ eaBt external dim ension)' 2 ^ ^ L # ^ _ L 

r 2 “ (least radius of gyration) 2 ’ r ’ D' 

Then 

K 2 = nk 2 ; and p — «/(l + mnk*)\ or p/s ® 1/(1 + mnk a ). 
For values of m, see ^ 19, pp a 194-1196. 

For values of p/s, see n 22, p 1198. 

For values of n, — (D/r) 2 , see Columns in General, pp353o, 353 6 
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22. Diagram. Fig 22, showing values of pjs = 1/(1 + m n fc 2 ) 

(а) for medium and nickel steel and wrought iron; 

(б) for cast iron. 

In the scale of abscissas, find the ordinate corresponding to the given 
value of k — L/D. Find the intersection of this ordinate with the curve 
corresponding to the value of n, = (D/rV-, for the given section, taken from 
the table, pp 353 a, b. Opposite this intersection, on the axis of ordinates, 
will be found the required value of p/«. Then p = * (p/«). 



23. Formulas and experiments. Figs 23 and 24 show a com¬ 
parison between certain formulas for, and experiments upon, columns of 

Structural steel and east Iron, as follows: 
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Formnla* and Experiment*. 

Fitts *23 and 21 (pp 1201 and 1203). 

STRUC TURAL STEEL, Fig 23. 

• Formula*. 

Ranklne: p = s/( 1 + m K 2 )’, Straight-line: p = «, — c K. 
p = mean unit load on column . in. c =■ coefficients ; 

* — maximum unit stress m crass section ; 

h m « maximum unit stress in cross section for short blocks; 

Hi = L/r = length -5- least radius of gyration; p and « in lbs per sq inch. 

Ultimate. 

1. Straight-line. T. H. Johnson, mild steel, 

carbon = 0.12%, square ends. p = 52,500 — 179 K 

2. Straight-line. Passaic R. M. Co soft steel, 

square ends, K > 30 p = 48,000 — 0 

K > 30 p = 54,000 — 200 K 

3. Rankine Cambria Steel Co and Carnegie 

SteehCo, medium eteel, square ends, s = 50,000; 1/m = 30,000 

4. Rankine, Cambria Steel Co, soft steel, 

square ends, a = 45,000; 1/m — 36,000 

5. Parabolic. J. B. Johnson, mild steel, 

square ends, p = 42,000 -- 0.62 K- 

PermiHsiblr. 

6. Rankine. N Y. Bridge Dept, medium steel 8 — 20,000; 1/m = 8,000 

7. Rankine. Boston building code, s — 16,000; 1/m = 20,000 

8. Straight-line. C.C. Schneider and Am Ry 

Eng & M of W Assn, TH = 60,000, p - 16,000 — 70 K 

9. Straight-line. Carnegie Steel Co. Medium 

steel, square ends. K > 90; p — 12,000 — 0 

K > 90; p = 17,100 — 57 K 


Experiment*. 

Ultimate strength of pin-end *teel column*. 

TS = ult tensile strength ; $ e = elastic.limit. 

• Jas. 44. l>agrron. Am Soc C E Trans, June, 1889, Vol 20. p 254. 
8 lattice bridge columns of rectangular section, built up of plates and angles. 
Carbon, 0.26 to 0.27 per cent; TS = 83.7 to 84.4; a e - 51.2 to 53.9; 

6 cols of 2 plates, 8 X Vi, 4 angles 2% X 2Vi X % , 16 to 24 ft; 

2 cols of 2 plates, 9 X %, 4 angles 2% X 2% X %o. 25 ft 7.5 ins. 

+ <1. I*. Buchanan. Eng News. Dec 26,1907. 7 bridge cols, as below. 
Bessemer (Bess) and Open Hearth (O. II.). 

No. Carbon % K r 

3, Post, 4 Z-bars, 3 in. Web, 6 X %, Bess — 83 34,270 

4, Post, 4 Z-bars, 3 in. Web, 6 X %, Bess - 83 32,900 

9, Post, 4 angles, 6 X 3.5 Web, 10% X %, Bess — 97 27,790 

16, Chord, 2 angles, 3X3 2 webs 16 X % 

2 angles, 4X3 cover, 22 X % 

Lattice, 5 X fte O.H 0.21 46 30,640 

17, Post, 4 angles, 3X3 2 webs 10 X % 

Lattice O.H. 0.23 45 31,680 

15: cM} 4 s x 3 o- 15 {»33:118 


Carbon % K v 

83 34,270 
83 32,900 
— 97 27,790 


(34 31,980 
135 33,950 


A J. A. Ii. Waddell, Eng News, Jan 16, 1908. 6 nickel-steel and 6 
carbon-steel bridge columns. Each of 4 angles, 3 X 3 X %, 2 web plates, 
12 X %, and lattice 2.5 X %. Lengths 10 and 30 ft r =* 4.46 ins. o - 
17.44 sq ins. Nickel-steel, TS = 100 115; <60. Nickel, 3.5 % ; 

carbon 0.38%; manganese, 0.30 %. Carbon-steel, TS —• 60-70; a* < 35. 


Nickel steel, K - 27, p 

“ “ K - 81, V 

Carbon steel, K * 27 p 

“ “ K - 81, P 


Average 

68,500, 68,500, 69,200, 68,700 
44,400, 47,200, 42,500, 44,700 
38,900, 38,900, 39,800, 39,200 
29,600, 29,600, 32,400, 30,500 
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■ Quebec Bridge Commission, Eng News, April 23,1908. Two 
medium steel chord members; viz: No 1, one-third size of “A 9 L" (see ^ 26) 
and of similar section, and No 2, with 2, instead of 4, ribs; ribs identical with 
outer ribs of No 1; but the lattice-angles were 50 % heavier; rivets in lattice 
connections doubled; intersections of lattice-angles strengthened by gusset 
plates. Pins, 12 ins diam, as in “A 9 L ” 


No Area Length 

sq ins c. to c. 

1 86.5 19' 0" 

2 42.6 11' W 


Ljr Failure load, in lbs/sq in 
* t indicated! net! 

42 35 26,850 22,150 

25 15 37,000 30,525 


CAST IRON, Fig 24. 


Formulas. 


Rank Inc:; p * a/(l + mK 2 )', Straight-line: p = s, — c R. 
p =» mean unit load on column ; m, c — coefficients ; 

f* — maximum unit stress in cross section ; 

0 S — maximum unit stress in cross section for short blocks ; 

K — L/r =* length -f- least radius of gyration; * and p in lbs per sq inch. 


Ultimate. Square ends. 

1. Rankine. Cambria Steel Co. approx.* =» 80,000. 1/m = 8,000 

2. Straight-line, T. H. Johnson . p — 80,000 — 438 K 

3. Straight-line. J. B. Johnson. p = 34,000 — 88 A' 

4. Straight-line, W. H. Burr. p = 30,500 — 160 K 

Permissible. 

5. Boston building code, A mai =» 70 .p == 11,000 — 30 K 

6 . Chicago building code (Rankine), approx.a =* 10,000; 1/m « 6,000 


Experiments. 
Hollow columns. 


+ Tests of 10 cylindrical columns at Phoenixville for New York Building 
Department, as follows: 


Outer 





P 

diam 

Thickness 

Length 


K 

ultimate 

ins 

ins 

ins 



lbs per sq inch 

15 

1 

190 


38.3 

30,800 

15 

m 

190 


38.7 

27,700 

15 

1% 

190 


38.7 

24,900 

15 

m 

190 


38.3 

25,200 

16 

i»y«4 

190 


38.5 

32,100 

16 

194. 

190 


38.8 

> 40,400 

8 

1 

160 


'64.0 

31,900 

8 

194. 

160 


64.4 

26,800 

6 

1%4 

120 


67.2 

22,700 

6 

1%. 

120 


66.5 

26,300 

■k Teet. of 5 

cylindrical 

columns 

about 157 

ins long, at Watertown 

Anenal, (17) pp 730-734, as 

follows. 




Diameter, ins 





outer 

inner 




P 

D 

d 


K 


ultimate 

8.7 

6.0 


60 


> 25,720 

7.9 

5.3 


65.9 


> 30,380 

7.2 

4.8 


72.4 


25,470 

6.4 

4.1 


83 


27,210 

5.7 

4.0§ 


90.6 


25,100 


* Axis parallel to pin. t Axis parallel to web. 

! Net load taken * 82.5 % qf indicated load, on account of error of 
testing machine. Both indicated and net loadB. are plotted, with L/r for 
axis parallel to pin, both test cols having yielded in planes perp to pins. 

I Gore eccentric. Thickness, at bottom, varied from 0.78-to 1.06 inch. 
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Nolid Columns. 

B Usually accepted average crushing strength of short blocks, 100,000 
lbs per square inch. 

• Tests of 6 small cylinders at Watertown Arsenal, (18). 


V 


No 

Diam 

ins 

r 

ins 

Length 

ins 

K 

ultimate 
lbs per sq inch 


1 

0.798 

0.2 

4 

20 

96,200 

1886 p 1260. Cut 
from a cannon ball. 

2 

0.798 

0.2 

5 

25 

89,620 

1890, p 738. 

3 

0.798 

0.2 

5 

25 

86,200 


4 

0.749 

0.187 

5.482 

29.3 

76,<543 

1886. pp 1680-1. 

5 

0.750 

0.1875 

5.46 

29 

76,244 

1886, pp 1680-1. 

6 

1.129 

0.282 

10.5 

37.5 

63,000 

1894, p 105. Gun iron. 


A Tests of 5 cylinders with short square ends, at Watertown Arsenal 
(17), pp 737-742. Diameter = 2 ms. r — 0.5 inch. L — length of 
round portion ** 9 ins. K = 18. v, ult, from 61,800 to 74,780 lbs/sq in. 

24. The experiments on small solid cast iron cylinders, above recorded, 
and many others by Tetmajer (16), indicate that the Rankine formula is 
correct in form; but the experiments with actual hollow cylindrical columns 
show that such columns fail under loads lower than those given by the 
formula, especially in the case of short columns. 1 n thm hollow cola, the eccen¬ 
tricity of loading, which is sure to occur, even in careful experiments, and 
much more so in actual building operations, concentrates most of the pressure 
upon one side, and causes that side to act without proper support from the 
rest of the section. The col is thus prevented from acting as a whole. 

25. Tetmajer (16), p 77, finds that riveted column* of structural 
steel beliave the same a* simple rolled shapes, provided: — 

(1) the pitch of the rivets does not exceed 70 X entire flange thickness; 

(2) the rivets completely fill the nvet holes; 

(3) the weakening of the section by rivet holes > about 12 per cent. 

26. Quebec bridge failure. The collapse of the southern portion 
of the great steel cantilever bridge over the St. Lawrence river, near Quebec, 
on August 29, 1907, during construction, appears to have been due to the 
failure of a main compression member, “A 9 L,” in the anchor arm. This 
member, Fig 25, 57 feet long, was composed of four wel>s, each from 3% to 
3% inches thick (made up of tour plates, about % inch thick, riveted together) 
and 4 ft 6 ins wide, provided with flange angles 6 X 8 ins and 3 J /** X 8 ins, 
and spaced’as in Fig 25. and connected with each other by latticing of 
4" X 3" X %" and 3V/ X 3" X %" angles on top and bottom, the angles 
being replaced by y 2 inch batten plates for several feet at each end. The 
radius of gyration of the four webs alone, including the longer legs of the 
flange angles, acting unitedly, about the axis a b, is 19.5 inches. This gives, 
for the entire section, acting unitedlv, L/r = 684/19.5 =* 35.1. 

27. According to the stress sheet, this member was designed to 
sustain. in service: — 

Dead load,.11,249,000 pounds 

Live load. 4,019,000 

Dead and live load..15,268,000 “ — 19,710 pounds per sq inch. 

Wind. + 7,370,000 “ 


28. For compression members where L/r is (as in thus case) < 50, the 
specification permitted a load, in pounds per square inch, of 

/, , minimum stress \ * .. ... . . 

12,000 (1 + — - -— or, in this member, of 

' maximum stress ' 

12,000 X 1.7317* = 20,780 lbs per square inch. 

29. The member appears to have sustained, at the time of 
its failure, an average pressure of about 12,500,000 4- 780 = say 16,000 
lbs per square inch. 


* Min stress — dead load — min live load 

- 11,249,000 — 45,000 = 11,204,000. 

Max stress — dead load + max live load + min live load 

- 11,249,000 + 4,019,000 + 45,000 - 15.313,000. 






b d 

Fife. 25. 

A 9 L,” Quebec bridge. 


lattice formulas. 


[12031 
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30. Each of the four webs, including the longer leg of its flange 
angle, has, about its own neutral axis, cd, a radius of gyration of only about 
1 inch, making its L/r > 650. For columns where L/r exceeds 50, the speci¬ 
fication allows a load of only 

(12,000 - 50 L/r) (! + =£22).* 


which, if applied to one of these webs, would permit only a minus load of 
some 35,000 lbs per square inch; but leliance was of course placed upon the 
angle latticing and upon the batten plates, to compel these four webs to act 
unitedly. 

31. After the collapse of the structure, however, this member was found 
bent into the shape of a letter S, and the deflection occurred at right, angles 
to the planes of the four webs, or in that direction in which it would have 
occurred if the bracing had been omitted. “The failure of lower chord 
A 0 L is an example of an insufficient lattice system,” (Report of Quebec 
Bridge Commission.) 


Stresses ill Latticing. 

32. “The unsatisfactory nature of the column formulas .is a matter 

of common knowledge among engineers, but the column formulas 
may he considered to represent exact science in compari- 
son with the lattice formulas. Lattice formulas . ... fix, in a 
fasnion, a value of the extreme fiber stress in the lattice bar, but only tests 
and experience can determine whether these give economical and safe re¬ 
sults.” (Report of Quebec Bridge Commission.) 

33. The following approximate method (see communications front 
Prof. Clyde T. Morris, Ohio State University, Eng News, Nov 7,1907, 
p 487, Feb* 27, 1908, p 44) assumes (1) that the diagram of moments, in th| 
columns, is a straight line, i e, that the increment of stress, per unit of length 
of column, is coustant. This assumption makes the max stress, in tht 
leaves, for a given max mom, less than it probably is; but, on the other 
hand, it is also assumed (2) that the stress, in the extreme fibers of the leaves, 
is uniformly distributed over the cross section of each leaf. This assumption 
(made because each portion of the leaf, between lattice connections, may 
deflect in either direction) makes the average stress greater than it is. 

34. In a latticed (or “laced”) column, composed of two leaves, Fig 26, 
let 

8 — max allowable unit comp stress in cross section of col 

=■ max allowable unit comp stress in short blocks of the given ma¬ 
terial; 

P == max allowable total load on column; 
a area of cross section of column; 

p at p/a =-•- max allowable avge unit comp stress, in cross section of 
col; 

L — unsupported length of column; 
r — least radius of gyration; 

V =■ total stress transferred, by the lacing, from one leaf to the other 
«= half diff of stress betw the two leaves; 
l «= distance within which V is transferred; 

v mb V/I ~ increment of total stress, V, per unit of length of col; 
w •= dist betw rivet lines of lacing in the two leaves; 

8 = angle betw lattice and axis of col; 

x ■* w . cot 8 — longitudinal spread of one lattice bar ; 
n ■= number of lattice bars in each lattice panel; 

vr/n =* increment of stress, within x, in one lattice bar: 
c — coeff in straight-line col formula p a — c L/r; 

« a small stress, of the same kind with «; 

P L — total longitudinal stress in one lattice bar. 


* See foot-note *, p 1202. 
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35. 


Then 

V - (• — p) (a/2) 

— diff of unit stress X area of one leaf .(1) 

v — V /l =* (« — p) a f 21 . (2) 

- (i — • + r. a/2 ! - c Lai 21 r .(3) 

v z/n — v w cot 0/n....* . (4) 


..(5) 


P, = (v x/n ) sec 8 =■ — . 
x ' n i 

c L a 

2 2 r n ‘ sin 0 . 

36. In pin-end and round-end cols, the elastic curve is a 
simple one, and we have, for the dist, l, within which V is transferd, 
l - Lt 2; and L / 21 •= 1. 

In square-end and llxt-end cols, the curve reverses, with two 
points of contrary flexure ; and we have: 1 - L/4, and L / 21 « 2. 

Hence: 

with round ends, P L — -^-§- . .(6) 


sin 0 


with square ends, P L 


47) 


37. The following approximate method (see W. C. Armstrong, 
Westn Soc of Engrs, Journal, June 1908, p 337) gives the total stress, P L , 
in one lattice bar, when the col is equally liable to fail in either 
direction. 

It is assumed that the tie plates carry 1/4, and the lacing 3/4, of the shear 
between the leaves. Let 
d *= depth of leaf; 

/ =* mom of inertia of cross section ; 

M 2 a I/d = resisting mom against bending in either direction ; other 


symbols as in U 34. 

38. Then 

V ” M l w = 2 a I / d w .(1) 

v - V 11 = 2 s I / dwl . (2) 

v x I n «* 2 a I x f dw l n *~ 2 a I cot 8 f d l . .(3) 

„ 3 vx . 1.5 a 1 /.x 

L 4 n din sin 0 

With round ends, l = L/2\ and P L = dLnain8 .^ 

With square ends, l => Lj 4 ; and P L «= d Ln&nQ .^ 


39. Supposing the lattice members themselves to be sufficiently strong, 
the integrity of the lattice system is still limited b,v the possibility 
of rivet-slip, the resistance to which, at any joint, is — No. of nveta X 
rivet section area X unit frictional resistance of rivets. 

Prof. J. B. Johnson (Materials of Construction, pp 526-7) gives 12,000 
lbs per sq in of rivet section as the frictional resistance for steel rivets; 
10,000 lbs for iron rivets. 

40. “ The size and strength of the pin used have an appre¬ 
ciable effect on the results obtained, but the amount of this effect has not 
been determined.” (Report of Quebec Bridge Commission.) 

41. *• A compression member, of usual design and dimension®, 
cannot be expected to develop an ultimate strength much greater than alxiut 
half that of a tension member made from the same material. Ibid. 
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PENCOYD FLOOR SECTIONS. 

L — span, in feet. « 

C — coefficient. W — 

W = distributed load, in fbs, per foot of floor width. k 


CorrnaaM flooring, for bridges and buildings. 

W = load producing fiber stress of 15,000 tbs per square inch. 


SECTION 210 M. 
Dimensions iu inches 


Thickness, inches. 
Web. Flange. 

Weight, 
tbs per sq ft. 

C 

A 

i 

14,8 

44,000 

u 

A 

18.4 

55,000 

A 

i 

21.9 

66,000 

il 

A 

25.5 

77,400 

1 

i 

29.1 

88,800 



8 ECTION 260 M. 
Dimensions in inches. 


Thickness, inches. 
Web. Flange. 

i i to| 

A I to| 

I |to| 



Weight,, 
Tbs per sq ft. 
20.0 to 30.7 
26.5 to 37.2 
29.4 to 40.1 


C 

105,000 to 186,000 
143,000 to 224,000 
153,000 to 237,000 


Z Bar Flooring. 

W — safe load. 



Section 

No. 


1 


8 


Dimensions, 
in inches. 

A B C D 
15 6 9 4 


18 8 10 5 


21 9 12 6 


ThicknesR, ins. 
Z bars. Plates. 

j|| 

|jj Atoft 
11 «| * 10 * 


Weight, 
lbs per sq ft,, 
f 25.9 to 36.1 
■< 29.1 to 39.3 
( 32.3 to 42.5 
f 32.1 to 42.3 
■{ 35.2 to 45.4 
l 38.4 to 48.6 
l 39.3 to 49.5 
< 42.4 to 52.6 
{ 45.5 to 55.7 


C 

93.400 to 147,400 
104,000 to 157,000 

114.400 to 167,000 
143,000 to 209.400 
155.000 to 221,400 

166.400 to 233,000 

203.400 to 281,000 

217.400 to 294,000 
231,000 to 807,200 
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WEIGHT AND STRENGTH OF IRON CHAINS. 


Table of strength of chains. 

Chains of superior iron will require % to % more to break them. (Original.) 


Diana of rod 
of which 
the links 
are nude. | 

Weight 
of chain 
p<*r ft i mi. 

Breaking strain 
of the chain 

Diam of rod, 

' of which ! 
the links \ 
are made i 

Weight 
of chain, 
per ft run. 

Breaking strain 
ot the chum. 

Ins 

Pds. 1 

Pda. 

Tons 

I us. 

Pda 

Pda. 

Tons. 

3-16 

.6 

1731 

.773 

1 1 

10.7 

49280 

2200 

H 

.8 i 

3069 

1 37 

1 

12.o 

59226 

26 44 

5-16 

1. 

4794 

2.14 

10 

16. 

73114 

32.64 

% 

1 1.7 ! 

6922 

3.09 

1% 

18.3 

88391 

39.42 

7-16 

2. 1 

940S 

4.20 

'2 

21.7 

105280 

47.00 

M 

2.5 1 

12320 

5.50 

ir.z 

26. 

123514 

65.14 

9-16 

3.2 

15590 

6.96 

Wa 

28. 

143293 

63 97 

% 

4.3 

19219 

8.58 

v\ 

32. 

164505 

73 44 

11-16 

5. 

23274 

10.39 

2 

38. 

187152 

83 55 

Vi 

5.8 

27687 

12.36 

‘H 

54. 

224448 

100.2 

1.1 16 

6.7 

32391 

14.42 

2>i 

71. 

277088 

123.7 

\ 

8. 

37632 

16.80 

2$ 

88. 

315328 

149.7 

l,v: 6 

9. 

43277 

19.32 

3 

105. 

398944 

178.1 


The links of ordinary iron chains are usually made as short as Is consistent 
wiih easy play, in order that they may not become bent when wound aiound 
drums, sheaves, &e.; ami that they may be more easily handled in slinging 
large blocks of stone, &c. 13. S. Government experiments, 1878, prove that 
studs weaken the links. 

When so made, their weight per foot run is quite approximately %% times that 
of a siugle bar oi the round iron of which they are composed. Since each link 
cousists of two thicknesses of bar, it might be supposed that a chain would 
possess about double the strength of a single bar: out the strength of the bar 
iKcoines reduced about 30 per cent, by being formed into links; so tha* the chain 
has but about 70 per cent oi the strength of two bars. As a thick bar will not 
sustain as heavy a unit stress as a thinner one, so of course, stout chains are 
proportionally weaker than slighter ones. In the foregoing table, 20 tons 
per square inch, is assumed as the average breaking strain of a single straight 
oar of ordinary rolled iron, 1 inch in diameter or 1 inch square; 19 tons, from 
1 to 2 inches; and 18 tons, from 2 to 3 inches. Deducting 30 per cent from each, 
we have as the breaking strain of the two bars composing each link, as follows: 
14 tons per square inch, up to 1 inch diameter; 13.3 tons, from 1 to 2 inches: and 
12.6 tons, from 2 to 3 inches diameter; and upon these assumptions the table is 
based. The weights ai e approximate; depending upon the exactness of diameter 
Of the iron, and shape of link. 
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TIN AND ZINC. 


The pare metal Is called block tin. When perfectly pure, (which It 
rarely is, being purposely adulterated, frequently to a large proportion, with the 
cheaper metals lead or zinc,) its sp grav is 7.29; and its weight per cub ft is 455 lbs. 
It is sufficiently malleablo to bo beaten into tin foil, only j^nr of an inch thick. 
Its tensile strength is but about 4600 lbs per sq inch; or about 7000 lbs when made 
into wire. It melts at the moderate temperature of 442° Fah. Pure block tin is 
not used for oommon building purposes; but thin plates of Bbeet iron, covered with 
it on both sides, constitute the tinned plaits, or, as they are called, the tin, UBed for 
covering roofs, rain pipes, and many domestic utensils. For roofs it is laid on boards. 

, The ftheele 




oftin are uni¬ 
ted as shown in 
this fig. First, sev¬ 
eral sheets are 
joined together in 
the shop, end for 
end, as at if; by 
being first bent 
over, then ham¬ 
mered flat,and then 
soldered. These are 
then formed into a 
roll to be carried 
to the roof; a roll 


being long enough to reach from the peak to the eaves. Different rolls being spread 
up and down the roof, are then united along their sides by simply being bent as at a 
and s, by a tool for that purpose. The roofers call the bending at i a double groove, 
or double lock ; aud the more simple ones at t, a single groove, or lock. 

To hold the tin securely to the Bheeting boards, pieces of the tin 3 or 4 ins long, 
oy 2 ins wide, called cleats, are nailed to the boards at about every 18 ins along the 
joints of the rolls that are to be united, and are bent over with the double groove *. 
This will be understood from y, where the middle piece is the cleat, before being 
bent over. The nails should be 4-ponny slating nails, which have broader heads 
than common ones. As they are not exposed to the weather, they may be of plain iron. 

Much use is made of what is called leaded tin, or ternew, for roofing. It is 
simply sheet-iron coated with lead, instead of the more costly metal tin. It is not 
as durable as the tinned sIieetB, but is somewhat cheaper. 

The best plates, both for tinning and tor ternes, are made of charcoal iron; which, 
being tough, bears bending better. Coke is used tor cheaper plates, but infeiior as 
regards bending. In giving orders, it 1 h important to specify whether charcoal 
plates or coke ones are required; also whether tinned plates, or ternes. 

Tinned and leaded sheets of Bessemer and other cheap ateel, are uow much used. 
They are sold at about the price of charcoal tin and terne plutes. 

There are also in use for roofing, certain compound metals which resist tarnish 
better thau either lead, tin, or zinc; but which are so fusible as to be liable to be 
melted by large burning ci uders falhug on the roof from a neighboring conflagration. 

A roof covered with tin or other metal should, If possible, slope not much lest than 


five degrees, or about an inch to a foot; aud at the eaves there should be a sudden 
fall iuto the rain-gutter, to prevent rain from backing up so as to overtop the double¬ 
groove joiut s, and thus cause leaks. Where coal is used for fuel, tin roofs should 
receive two coats of paint when first put up, and a coat at every 2 or 3 years after. 
Where wood only is used, this is not necessary; and a tin roof, with a good pitch, 
will last 20 or 30 years. 


Two good workmen can put on, aud paint outside, from 250 to 300 sq ft of tin roof, 
per day of 8 hours. 

Tinned iron plates are Bold by the box. These boxes, unlike glass, have not equal 
areas of contents. They may be designated or ordered either b) their names oi 
sizes. Many makers, however, have their private brands in addition; and some of 
these have a much higher reputation than others. 
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TMtle of Tinned and Terne Platen. 

Caution.—Boxes often contain considerably less weight of tin plate than fhs 
table requires; the plates being rolled thin and plated thin, In order to enabla 
mechanics to get pay for more material than they famish. 

The marks indicate the thicknesses, approximately as follows: 


Number 

Mark. Birmingham Ins. 
wire gauge. 


Number 

Birmlugham Ids. 
wire gauge 


.020 .80 

025 1 00 

.028 1.13 

.032 1.29 


130 1 13 X 13 I 
162 I IS X 26 


114 I 14 X 26 | 
166 I H X 28 


120 I 14 X 30 
147 14 X 31 


“ IXX 
16 X 19 IX 
17X11 IX 
“ IXX 
17X25 1>X 
“ I)XX 
18X18 IX 
“ IXX 
“ JXXXX 
20 X 20 IX 
'• IXX 
“ IXXX 
“ 1XXXX 
20 X 28 IC 


Terne Platen. 

X*110 I 11< 1 


Sheets of larger size mat he made to special order; those of tinned Iron, In England; but leaded 
terues arc made In PbiUdtt also, and elsewhere 

A box of 225 sheets or 13?i br 10 contains 214.84 sq ft, but. allowing Tor overlapping, will rover 
but abou' 150 sq ft of roof; even without any allowance for the waste which occurs in cutting away 
portions in order to flt at angles &o. ...... 

I o find the area of roof covered by any sheet, first deduct 2 ins from Its width, and 1 inch from it* 
length. 

Xinc. in sheets, and laid in the same manner as slates, is much uaed in some 
parts or Europe Tor roofing. Bv exposure to the weaiher, It soon becomes covered by a thin film of 
white oxide, whloh protects it from further injury, and renders the roor very durable. Corrugate* 
sheet ziuo is al-o used. See Galvanised Sheet Iron. „ 

Zinc sheets are usually about 3 ft by 7 or 8 ft. The gauge differs from that of iron ; thus No 13 is 
.032 of an inch thick, or 1 22 Tbs per sq ft; No 14 - .035 inch, aad 1 35 ths; No 15= .042 inch, and 
140 Jhs. No 16 = 049 inch, and 1.62 lbs per sq ft. Any of these numbers may be used on rooft, for 
whicb purpose it should be very pure. 

Water kept in zinc vessels is said to becoma injurious to health; and 
recently an outcry lias ou that account arisen against galvauited-iron servioe-pipes in dwellings. 
’Yet such have been in use for many years in New England. Phllada, and elsewhere, without as yet 
*ny deleterious effects. Tl.is ia possibly owing to the fact that service-pipes being short, the waiei 
Is u«uhIU all drawn through them several times a day; and hence does not remain in oontact with 
the zinc or lead long enough to acquire a poisonous charnoier. In taking possession of a bouse in 
»bioh the water has remained stagnant in the servioe pipes for some considerable time, such wat« 
•kwld ail be run to waste; otherwise sickness may eoeue from its use. 
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Roof copper is usually in sheets of 2% feet X 5 feet; or \'i/ % square feet, 
weighing 10 to 14 lbs per sheet; and is laid on boards.* No solder is used in the 
horizontal joints as it is in tin roofs; but both the horizontal and the sloping 
Joints are formed by only overlapping and bending the sheets, much as shown 
by the figs on page 1208; except that the horizontal joints are bent or locked 
together, and then flattened down close. 

sheet lead, last of standard weights in fcs per square foot. Thick 
DeeBes in decimals of an inch. 


Weight of Metal Balls. 

W = Weight of ball, in pounds. 1> = Diameter of ball, in inches. 

Lead = (700 lbs pm cub ft) W - 0.212106 D‘; log W' - 1.828 5529 + 3 log D 
Copper = (550 lbs per cub ft) W T 0 160655 l**; log W' - 1.221 8176 + 3 log 1) 
Brass = (500 lbs per cub ft) W — 0.151504 D s ; log W = \. 180 4249 + 3 log!) 
Steel and) Uftr . m _ 

Wrought V -= m W _ 0.146959 IK*: log W = 1.167 1966 + 3 logD 

Iron J per cud n; 

} = (460 taper cub ft) W - 0.136354 I>>; log W «U34 6674 + 3 log D 

For steel, wrought Iron and cast iron balls, see also tables, pp 
875 and 877. 


Lead Pipe. 
Standard Sizes. 


tf 

«s 

WtS per rt (F) 
and per rod (R) 

si 

i 

» 5 

Wts per rt (F) 

and per rod <R) 

1 

i 

V s 


ii 

X 

®5 

i . 

atf 

a ® 


or ism ft- 

° ® 

£1° 


tt-j 

3“ 

St* 

B 

■C s 


V 

H 


■8 




H 

V 

l" 

9 

Ins. 

Ins. 


Ins. 

Ins. 


HHl 

m 


Ina. 



X 


7 lbs R 

K1 

.08 

16 tt>»R 


El 

3.5 

3 

8-lfl 

9 



10 oi F 


.10 

IX F 

“ 

.17 

4.25 


X 


•* 

■tf 

1 lb F 

•• 

.12 

IX TbnV 


.19 

5 

*' 

5-Hi 


“ 

■Cf 

1 X lbs P 

*• 

.16 

2X lbs F 


.23 

6,5 

“ 

X 


M 

■t? 

IX lbs F 

" 

.20 

8 lbs? 

Kya 

.27 

8 

8X 

8-16 


H 

■fi 

9 lbs R 


.23 

SX lbs F 

M 

.13 

4 


X 

15 


Bfr 

X Tb F 

“ 

.30 

4X lbs F 

.17 

5 


5-16 

18.3 



1 lb F 

1 

.10 

24X Iba R 


.21 

6.5 


X 

22 

u 

■ST 

IX lbs P 

U 

.11 

2 lb* P 


.27 

86 

4 

3-16 

12 5 


■st 

1* lbs F 

mm 

.14 

2X »sF 

KV 

.15 

4.76 

« 

X 

16 

•• 

■JT 

2 lbs P 

a 

.17 

»X lbs F 


.18 

6 


5-16 

21 



S lbs P 

E1 

.21 

4 Tbs F 


.22 

7 


X 

25 

H 


12 lbs R 


.24 

4X lbs P 


.27 

9 

4X 

8-16 

14 



1 lb P 

IPI 

.10 

2 Tbs F 


8-16 

8 



18 



IX Tb»F 

“ 

.12 

2X IbsP 

“ 

X 

11 

5 

X 

20 

* 


2 lbs P 

mm 

.14 

3 lbs F 

M 

5 16 

14 



31 

•• 

K 

2X lb»F 

D 

.16 

#X lbsF 

n 

X 

11 




■tv 

2X lbs F 

El 

.19 

4X IbsP 









KUM 

S 

.25 

6 lbs F 


■■ 






Lead service pipes for single dwellings in Philadelphia are usually of from 

\£ inch bore, wt 1 to B>s; to % inch bore, wt 1^ to 3 n>s per ft run, according 

to head. They rarely burst irom sudden closing of stopcocks; but sometimes 
do so from the freezing of the contained water. 


*To which It is held by copper cleats; as at Fig y, page 1208. 
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ROLLED LEAD, COPPER, and BRASS: Sheet* and Bar*. 


hiokncss 

or 

)ianiPtor, 
or Hide, 
in 

Inohos. 

LEAD. 

COPPER. 

BRASS. 

Thlolcnes 

Olaiueteij 
or side. 
In 

Inches. 

Sheet*, 

per 

Square 
F not. 

Square 
liars; 

1 Foot 
long. 

Round 
Kara; 

1 Foot 
long. 

Sheets, 

per 

Square 

Foot. 

Square 

Rora; 

1 Foot 
lung. 

Round 

Bars; 

1 Font 
long 

Sheets, 

per 

Square 

Foot. 

Square 

Rar9; 

1 Foot 
long. 

Ronnd 
liars; 

1 Foot 
long. 


Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 



1.86 

.005 

.004 

1.44 

.004 

.003 

1 36 

.004 

.003 

1-32 


3.72 

.019 

.015 

2 89 

.015 

.012 

2.71 

.014 

.011 

i-i« 


5 58 

.044 

.034 

4 33 

.034 

.027 

4 06 

.032 

.025 

3-32 


7.44 

.078 

.061 

5 77 

.060 

.017 

5 42 

.056 

D44 

K 


9 30 

.121 

.095 

7 20 

.094 

.071 

6 75 

.088 

.069 

5-32 


11 2 

.174 

.137 

866 

.135 

.106 

8 13 

.127 

.100 

3-16 


13 0 

.237 

.187 

10 1 

.184 

.141 

950 

.173 

.130 

7-32 


14 9 

.310 

.244 

11 5 

.240 

.189 

108 

.226 

.177 

M 


18 6 

.485 

.381 

14 4 

.376 

.295 

13 5 

.353 

.277 

5 16 

% 

22.3 

.098 

.518 

173 

.511 

.425 

16.3 

.508 

.399 

% 

7-18 

26 0 

.950 

.746 

20.2 

.736 

.578 

190 

.691 

.541 

7-16 

K 

29 8 

1 24 

.974 

23.1 

.962 

.7.55 

21.7 

.903 

.709 

K 

9 18 

33 5 

1 57 

1.23 

26.0 

1.22 

.965 

24.3 

1.14 

.900 

9-16 

% 

37.2 

1.94 

1 52 

28 9 

1.50 

1 18 

27 1 

141 

1 11 

M 

11 18 

40 9 

2 .34 

1.84 

81.7 

1.82 

1 11 

29 8 

1 70 

1 34 

11-16 

K 

41 6 

2 79 

2 19 

31 6 

2.16 

1 70 

32 5 

2.08 

1 60 

% 

Id-16 

48.3 

3 27 

2 57 

.37 5 

2 55 

1.99 

35 2 

2 38 

1 87 

13-16 

K 

62.1 

8 HO 

2 98 

40 4 

2 94 

2 31 

.37 9 

2 76 

2 17 

K 

l.i 16 

560 

4 37 

8.42 

4.3.3 

8 38 

2 65 

40 6 

8 18 

2.49 

15-16 

1. 

59.6 

4 96 

8.90 

46 2 

8 85 

3 02 

4.3 3 

8.61 

2 Ht 

1. 

IK 

68 9 

6 27 

4 1)2 

52 0 

4 87 

3 82 

48.7 

4.57 

.3 60 

IK 

IK 

74 4 

7 75 

6 09 

57 7 

6.01 

4 72 

54 2 

5.64 

4.43 

IK 

IK 

81.8 

9.37 

7.37 

63 5 

7 28 

5 72 

59 6 

6 82 

6 37 

)K 

IK 

893 

1! 2 

8 77 

69.3 

8 65 

6 80 

65.0 

B 12 

6 38 

IK 

IK 

96.7 

1S1 

10 3 

7">.l 

10 2 

7 98 

70 4 

9 53 

7.49 

IK 

IK 

104. 

15 2 

11 9 

80 8 

11 8 

9 25 

75 9 

11.1 

8 68 

IK 

IK 

112 


13 7 

86 6 

13 5 

111 6 

81 .1 

12.7 

9 97 

IK 

i. 

119. 

19.8 

13.6 

92 3 


12.1 

86 7 

It 4 

II.J 

2. 


Seamless bras* tnbes. Principal sizes Extras, m cents per pound, 
over base price. For base price, see price list. 

Copper tubes, 8 cents per pound extra. 


Thickness. 


Outer Diameter, inches. 


Stubs 

gage. 

Ins. 

K 

K 

1 

iK 

2 

8 

4 

5 

6 

i 

Hi 

4 

0.238 


12 

6 

3 

1 

1 

2 

5 

9 

13 

18 

11 

0.120 


•« 

“ 

" 

a 

“ 

«» 

** 

«( 

M 


16 

0.065 


13 

8 

4 

4 

4 

7 

11 

15 

19 

24 

18 

0.049 

40 

15 

9 

6 

6 

7 

11 

15 

19 

23 

28 

go 

0.035 

43 

18 

18 

10 

9 

11 

15 

19 

23 

27 

82 

22 






13 

16 






25 

0.0230 

65 

28 

22 

24 


. 
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Average ultimate tensile strength of Metals. 


The ultimate tensile »r pulling load per square inch of any 
material is frequently called its constant, coefficient, or modulus ot 
tension, or of tensile strength. 


Antimony, cast. 

Bismuth, cast. 

Brass, cast 8 to 13 tons, say 18000 to 290o0 tbs. 

* wire, unannealed or hard, 80000. Annealed.. 

Bronze, phosphor wire, hard, loOOUO. Annealed. 

Copper, cast 18000 to 30000.. 

“ bulls, 28o00 , to*380oii > .*.*..*..*.'..*.. ...~ 

“ wire (annealed 16 tons); unannealed.. 

Gold, cast. 

“ wire, 25000 to 30000. 

Gun metal of copper and tin, 23000 to 55000. 

•' “ cast irou, U. S. ordnance, 36000 *o 40000.«. 

Iron, cast, English.13400 to 22400.. 

“ “ ordinary pig.,13000 to 16000. 

American cast iron averages one-fourth more than the above. 
Average cast iron, when sound, stretches about .00018; or 1 part 
in 5535 of its length; or ]/ H inch in 57.9 ft. lor every ton of ten¬ 
sile strain per sq inch, up to Its elastic limit., which is at about 
% its break-strain. The extent of stretching, however, varies 
much with the quality of the iron , as in wrought-iron. 

Cast, malleable, annealed, 18 to 25 tons. 

Iron and Steel, rolled.—See pp 751 lo 754,1150 lo 1156. 

Lead, caHt, 1700 to 2400. by am hoi... 

44 wire, 1200 to 1600. Pipe 1600 to 1700.“ “ 

Platinum wire, annealed, 32000. Uuannealed. 

Steel and Irou, rolled.—See pp 751 to 751,1150 to 1156. 

Silver, cast. 

Tin, English block. 

44 wire. 

Zinc, cast ...3000 to 5700; (the last by uuthoi). 


Pounds 

per 

sq inch. 

Tons 
per 
sq in. 

1000 

.45 

32(H) 

1 4 

23500 

105 

491)00 

22 

63000 

28.1 

24000 ; 

10 7 

30000 

13 4 

33000 

14.7 

60000 

26.8 

20000 

8.9 

27500 

12 3 

39000 

17.4 

38000 

17 

17900 

8 

14500 

6.47 

48160 ' 

21.5 

2050 

092 

1650 

0 74 

56000 

25 

41000 

18 3 

4000 

2 0 

7000 

3.1 

3550 

1.5 


Largo bars of metal hear less ]>er sq inch than small ores. 

Iron barn ro-rolled cold have tensile strength increased 25 to 50 pet 
ct, with no increase of density. They are said to lose this strength if reheated. 


The use of lead in masonry Joints. See pp634 and 1213. Under 
pressures usually less than the crushing stress of the stone, the lead flows later¬ 
ally, and, by means of its friction with tlie stone, exerts, upon the latter, a tear¬ 
ing action normal to the pressure and tending to split the stone into priBins 
whose axes form Blight angles with the line of pressure. Thii of course greatly 
weakens the stone. 























METALS. 


1213 - 


Sheet lead is sometimes placed in the joints of stone col¬ 
umns, with a view to equalize the pressure, and thus increase the strength of 
the column. But experiments have proved that the effect is diiectly the reverse, 
and that the column is materially weakened thereby. See pp 634 and 1212. 

Average crushing loud for Metals. 

It must be remembered that these are the loads for pieces but two or three 
times their least side in height. As the height increases, the crushing load 
diminishes. 


Pounds per Tons per 

«q inch «q. inch. 

C’ast Iron, usually.185000 to 125000|38 to 5G 

Hit) usually assumed at 100000 tbs, or say 45 ions per sq inch Its 
crushiog strength is usually from t> to 7 times as great as its teutiile | 

Wiilnu its average elastic limit of about 15 tons pc. mi iiiimi uivagi* 
cast irou shortens about 1 partiu 5555, or % luch in or li umh i curb 
ton per sq luch of load, or about twice as much as average wrought 
irou Hence at 15 ton* per sq inch it wtil shorten shout i part in .470; 

•r full % inch hi 4 leet. Different caBt irons may liuweier vaiy 10 to 
15 per ct enhei way from this. 

IT. S. Ordnance, or gun metal: Some.175000. 78.1 

Wrtmght iron, within elastic limit. 22400 to 35840 10 to 16 

Us elastic limit uuder pressure uverages about 1.4 tons per Hq inch .70120. 13 

It begins to shorten perceptibly under 8 to 10 tons, but recovci* when 
the load is removed. With from 18 to 20 tons, it shortens permanently, 
about gJjjth part of its length; and with from 27 to :40 tons, about pjrth 
part, as averages The crUBhiug weights therefore in the table are 
not those which absolutely mash wrought iron entirely oul of shape, 
but merely those at which it yields too much for most practical build¬ 
ing purposes. About 4 tons |>er sq Inch is considered its average Hafe 
load, In pieces not more than 10 diems long; and will shorteu it % inch 
in 30 ft. avci age 

Brass, reduced y^th partin length, by 51000; and ]/ 2 by 
Copper, (cast,) crumbles. 

(wrought) reduced ^tb part in length, by. 

Till, (east,) reduced y^th in length, by 8800; and % by 
Lend, (cast,) reduced % of its length, by 7000 to 7700.... 

** By writer A piece finch sq, 2 ins high, at 1200tbs the com¬ 
pression was 1-200 of the ht, at 2000, 1-29; at 3000, 1-8, at 
5000, 1-3; at 7000, 1-2 of the ht. 

Spelter or Zinc, (cast.) By writer. A piece 1 inch 

square, tins high, at'2000 tbs was compressed 1-400 of its ht; at 4000. 

1-200, at 8000. MOO. at 10000,1-38 . at 20000, 1-15, at 40000 yielded 
rapidly, and broke into pieces. 

ftleel, 224000 lbs or 100 tons shorten it from .2 to .4 part. 

American. Blaok Diamond steel works, Pittsburg, Peuu. 
experiments by Lieut W. H. Shock. U. S N., on pieces M in 
square . and 3^ ins, or 7 sides long. 

“ Untempered. 100100 to 104000 .••• - • 

“ Heated to light cberrv red, then plunged into oil of 82° Fab, 

173200 to 199200...:.■■■•• 

“ Heated to light oherry red, then plunged Into water of 79° 

Kah ; then tempered on a heated plate, .425400 to 340800.. . 

“ Heated to light oherry red, then plunged luto water of 79° 

Kah. 275600 to 400000. 

“ EIhnI ic limit, 15 to 27 tons.... 

“ Compression, within elas limit averages abt 
1 partiu 13300 or .1 of an inch in ill ft per ton per sq inch; 
or .1 of an inch in 5.3 ft undei 21 tons per sq inch. 

Best steel knife ed*pes. of large li It weigh scales 

are considered safe with 7000 lbs pres per lineal inch of edge; and 

Bolid cylindrical steel roller* un der bridges, aud 
rolling on tteel safe with Vdiam In ins X 1100 000, in lbs per lineal 
inch of roller parallel to axis. And per the same, for 

Bolid cut Iron wheel* rolling on wrought iron, V Diam lus X 352 000. % 

. “ cast iron, ^Diam in* X 222 222. 

Solid Steel " “ "Steel, V Diam ins X1800000. 

•< ii •• “ wrought Iron, ^Diam Ins X1024000. 

« » u « " oast iron, ]/Diam ins X 850 000. 

From " Specifications for Iron Drawbridge at Milwaukee," by Don J. WhltWmore, 0. E. 


.165000. 73.6 

.117000. 52.2 

.103000. 46.0 

...15500. 6.92 

3.28 


.102050. 46.6 

.186200 . 83.1 

. ...333100. 148.T 

1.337800 . 150.8 

.47040. 21 
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Average ultimate tensile strengtbs of Stone, etc. 


The strengths in all these 
Abies may readily be one-third 
►art more or less than our 
iverages. 

Pounds 

per 

sq. inch. 

Tons 
per 
sq. ft. 


Pounds 

per 

sq. inch 

Tons 
per 
sq. ft 

Brick, 40 to 400. 

220 

14.1 

Marble,strong,wh .1 tal y .* 

1034 

66.5 

2aen stone, 100 to 200. 

150 

9.7 

“ Champlain,varie- 






gated * . 

1666 

107.1 




“ Glenn’s F’lls.N.Y 






blk,* 750tol034 

892 

57.4 




“ Montg’y co, Pa, 






’gray *. 

1176 

75.6 




“ “ white*... 

734 

47.2 




“ Lee,Ma«B.white.* 

876 

66.3 

Cement and concrete, 



“ Manchester, Vt,* 



see articles, Cement 



650 to 800. 

676 

43.4 




“ Tennessee, varie- 






gated *. 

1034 

60.5 




Oolites, 100 to 200. 

150 

9.7 




Plaster of Paris, well Het. 

70 

4.6 




Rope, Manilla, best. 

12000 

771 

Glass, 2500 to 9000 

i 5750 

' 369.6 

“ hemp, best. 

15000 

966 

Glue holds wood together 



Sandstone, Ohio*. 

105 

6.76 

with from 300 to 800... 

550 

35 

“ Picton, N. S* 

434 

27.9 

Horn, ox. 

9000 

579 

“ Conn, red.*.... 

690 

37.9 


16000 

1029 


2475 

159.1 

Leather belts, 1500 to 



“ Peach bot’m,* 3025 




3000 

193 


3812 

245.1 

Mortar, common, G mos 



Stone. Ransome's artif.... 

300 

10.3 

Old, 10 to 20. 

15 

.96 

Whalebone. 

7600 

489 


• By the author’s trials with one oi Riehifc's testing machines Sections 
brttei IX *o inch**. 
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IJltimate aver age crash! me loads in tons, per square 
foot, for stones, Ac. The stones are supposed to bo on bed, and the heights 
of all to bo from 1.5 to 2 times the least side Stones generally ovgin to crack or 
split under about one-half of their crushing loads. In practice, neither stone nor 
brickwork Bhould be trusted with more than % to y^th of the crushing load, ac¬ 
cording to circumstances. When thoroughly wet some absorbent sand¬ 
stones lost' fully half their strength. 


1 ton (2240 lbs.) per 
sq ft. — 15.55 ft)R. ] 
per sq. inch. 

Granites and Syenites. 

ltasalt. 

Limestones and Mar¬ 
bles*. 

Oolites, good. 

Brownstone • 
Connecticut— 

“Building”. 

“ Bridge ”. 

Brick* . 

Brickwork, ordinary, 

cracks with*. 

Brick work, good, in ce¬ 
ment* . 

Brickwork, first-rate, 

in cement. 

Slate . 

Caen Stone,. 

“ “ to crack. 

Chalk, hard,. 

Plastei oi Paris, 1 day 
old. 


Lous per 
sq. it. 

Mean. 

1 ton (2240 lbs.) per 
sq. ft. - 15.55 lbs. 

Tons per 

Mean. 

Toil9. 

persq. inch. 

sq. It. 

Tons. 

400 to 1200 

750 

Cement. Portland, 




700 

neat.,U. S. or foreign, 





7 days in water. 

75 to 150 

112.5 

250 to 1000 

625 

Common U S cements. 



100 to 250 

175 

neat, 7 days in water 

15 to 30 

22.5 



Concrete*)!''Port. 





cement, sand, and 



570 to 970 

775 

gravel or brok stoue 



400 to 6:40 

533 

in the proper propor¬ 
tions,rammed 1 m old 

12 to 18 

15 

40 to 30C 

170 

6 mouths old. 

48 to 72 

60 



12 months old. 

74 to 120 

97 

20 to 30 

25 

With good common 





hy<i cementN. 



30 to 4( 

35 

abt .2 to .25 as much 





Coignet beton, 3 



50 to 7( 

60 

months old. 

100 to 150 

125 

400 to 800 

6(H) 

Rubble masomy 



70 to 200 



15 to 35 

25 

70 

Class,green,crown and 

20 to 3( 




I860 

40 

‘ or 8 times that of granite 

lice, firmt.1 12 to 18 1 15 


Crnstilng- height of Brick and Nlone. 


If we assume the wt of oidinary brickwork at 112 lbs per cub ft, and that it would 
crush under 30 tons per sq ft, then avert uniform column ol it GOO ft high, would 
crush at its base, under its own wt. Caen stone, weighing 130 lbs per cub ft, would 
require a column 1376 ft high to crush it. Average sandstones at 145 lbs per cub ft, 
would require one 4158 ft high; and average granites, at 165 lbs per cub ft, one 
of 8145 feet. But Btones begin to crack and splinter at about half their ultimata 
crushing load; and in practice it is not considered expedient to trust them with more 
than %th to ^tlk part of it. especially in important works; inasmuch as settlements, 
and imperfect workmanship, often cause undue strains to be thrown on certain 
parts. 

The Merchants’ shot-tower at Baltimore is 246 ft high; and its l«se sustains 6% 
tons per sq ft. The base of the granite pier of Saltash bridge, (by Brunei,) of solid 
masonry to the height of 96 ft, and supporting the ends of two iron spans of 465 ft 
each, sustains 9j-£ tons per sq ft. The base ot a brick chimney at Glasgow, Scotland, 
468 ft high, bears 9 tons per sq ft; and Professor Rankine considers that in a high 
gale of wind, its leeward side may have to liear 15 tons The highest pier of Rocquo- 
favour stone aqueduct, Marseilles, is 305 ft, and sustains a pressure at base of 13}^ 
tons per sq ft. 


* Trials at St. Lonla bridge, by order of Capt James B. Eads, a R, 

-Unwed mat somu maguu.iaa limestone did not yield under leu then 1100 tone per eq ft. A column 
8 ine high, S Ine diem, ebortened 0 00,-5 inch uuder presiure; tad recovered when relieved 

Kxporlm.nl, imule with tho CSnvl testing machine at Water, 
town. Buns. 1882-3, gave 1400 tons per sq ft ultimate crushg load for white 
end blue marble from Lee, Mau. 700 for blue marble from Montgomery Co, Pa, 980 for llmeitonefroa 
Cousbohooken. Pa. 500 for limestone from Indiana, S40 for red xandatone from Il.immeletown, Pa, 
260 to 1000 for yellow Ohio sandstone; Phila bricks, flat wise; hard, machine made, 350 to 700 tOM- 
hand made, 700 to 1300; pressed, machine-made,450 to 680; Briokwork columns, IS tea aq and IS tet 
high; In lime, 100 tone: in oement, 150. _ . , . „ 

I Experiment. In On . la. waknr. 0. 8. A., wllb Gort Wllm niqlmn»_ja I Mt, p n fry!■ 
1« « ton. per >q rifer pura, lull iee i end 1« to S» ton. lor InUrtor (m Tin eptototooi ■ aM 


lt-ineh oube.) QemprtoMd A to 1 toot before emehlnn. 
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STONE BEAMS. 


STONE BEAMS. 

Table of safe quiescent extraneous loads for beams of good 
building 1 granite one inch broad, supported at both ends, and loaded at the 
center; assuming the safe load to be one-tenth of the breaking one; and' the latter 
to be 100 lbs tor a beam 1 inch square, ami 1 foot clear span. The half weight of 
the beams themselves Is here already deducted at 170 

lbs per cub ft. 


j 

a 

JO 

f 




CLEAR SPANS IN 

FEET. 




1 

2 

A. 

4 

5 


7 

• 

10 

12 

15 

20 



Safe center loads in pounds 





1 

10 

5 












40 

20 

13 

10 









S 

90 

45 

29 

21 

17 








4 

m 

79 

52 

39 

31 

26 

21 






6 

250 

124 

82 

61 

48 

40 

34 






« 

SfiO 

179 

119 

89 

70 

68 

48 

42 

32 





490 

244 

162 

120 

96 

79 

67 

58 

45 

36 


16 


639 

319 

212 

158 

126 

104 

88 

76 

59 

47 

36 

22 


999 

499 

931 

248 

197 

163 

139 

120 

94 

76 

58 

38 

12 

1439 

718 

478 

357 

284 

236 

201 

174 

137 

111 

85 

58 


1959 

978 

650 

487 

383 

322 

274 

238 

188 

153 

118 

81 


2559 

1278 

850 

636 

507 

421 

859 

312 

246 

201 

157 

109 


3239 

1618 

1077 

806 

643 

634 

455 

396 

313 

257 

200 

141 


3999 

1998 

1329 

995 

794 

660 

663 

490 

388 

319 

249 

176 

22 

4339 

2417 

1609 

1205 

961 

m 

682 

594 

470 

387 

303 

216 


6758 

2877 

1916 

1434 

1145 

951 

813 

708 

662 

463 

362 

260 

27 

7288 

8642 

2425 

1815 

1450 

1205 

1030 

898 

718 

588 

462 

332 


8998 

4498 

2995 

2243 

1791 

1489 

1273 

1110 

882 

728 

673 

415 



5441 

3624 

2714 

2168 

1803 

1642 

1346 

1069 

883 

606 

505 

36 

12968 

6476 

4314 

3281 

2581 

2147 

1836 

1603 

1275 

1054 

832 

606 


If uniformly distributed over tbe clear span, the safe extraneous 
loads will be twice as great as those in tbe table. 

For frood slate ou bod the sate loads may be taken at about 3 times; for 
good sandstone on bed at about one-half; and lor good marble or 
limestone on bed at about the same as those in the table. 


CXAY. Specific Gravity. * 

The specific gravity of the minerals (chiefly alumina silicates) composing 
clay, ranges ordinarily between 2.5 and 3; that of the solid portions ol 
clays between 2.3 and 2.9. t 

But the specific gravity of clay, considered as a porous material, varies 
between much wider limits, being affected by its porosity, the quantity of 
water contained, etc. See p. 211, 11 to 13. Thus, we find given values 

from 1.66 to 2.64; X clay with gravel, 2.48; § potter's clay 1.8 to 2.1; dry 
clay, in lumps, loose, 1.0. 


* See “ Clays," by Heinrich Hies, New York, John Wiley & Sons, 1906. 
fNew Jersev Geol. Surv. Final report, 1904, Vol. VI, p. 114; Iowa GeoL 
Surv. 1904, Vol. XIV, p. 116. 

JNew Jersey Geol. Surv. Report on ClavB, 1878; Missouri Geol. Surv. 
1896, Vol. XI, pp. 562 etc.; Penna. Second Geol. Surv. Vol. B, p. 3. 
t L. M. Haupt, Engineering Specifications and Contracts. 
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LIME MORTAR. 

Art. I. Mortar. The proportion of 1 measure ot quicklime, either in ir¬ 
regular lumps, or giound. and 5 wmsureH of Kami, is about the .tterage used for 
common mortar, by good builders in our principal Atlantic cities; and il both 
materials are good, and well mixed (or limpet nl) with clean twilei, the mortal is 
certainly as good as can be desired tor such ordinary puiposes as nqiiiie no addi¬ 
tion of hydraulic cement. The bulk of the mixed mortar will usually exceed that 
ot the dry loose sand alone about ^ part. 

Quantify required. 20 cub ft, or 16 struck bushels of sand, and 4eubft,or 

3 2 truck bushels of quick lime the measuies slightly shaken in both oases, will make ala22}$ cub ftof 
mortar, sufficient to lay 1000 bricks of the ordinal y average sue of 8J4 by 4 by 2 ius, with the cnarae 
mortar joint- u-.ua! in mteiior house-walls, varying say from % to >$ inch. With such joints 1006 
such brick-* make 2 cubic yardR of massive work. Neurly one thiid or the mass is mortar. For 
•utside or showing joints, where a whiter and neater looking mortur is required, house-builders m- 
"reuse the proportion of lime to 1 in 4. or 1 in 3. For mortar of Hue screened giavei, for cellar-walls 
of Memo lol.ble, o> coarse brickwork 1 measure of lime to 6 or 8 of giavei. is u-.u:il, and the mortar 

good. lu average rough massne -ubble, as in the Toiegoiug brickwork, about one third the mass la 
•ortar consequently a cubic yard will require almut as much as dOO such hi icks, or 10 cubic feet (8 
jtruck bushels) or sand, and 2 cub ft, or 1 b bushels of quicklime. Hupcrioi, well scabbled rubble, 
carefulh laid, will contain but aliout ^ of its bulk of mortar; or 5>$ cub ft sand, and 1.1 cub ft lime, 
per cub v ard. 

For public engineering works, especially tn massive ones, or where exposed to dampness, ao add!- 
f ion should be made in either of the foregoing mortars, of a quantity of good hyd 
cement, equal to about */, of the lime; or still better J/, of the lime should be 
'■mi teil. and an equal measure of cement be substituted for it If expoaed to water while 
Suite now, use little or no lime outside. 

With bricks of 8'4 by 4 by 2 ins, the following are the quantities of mor¬ 
tar and of bricks for a cubic yard of massive work. 

Thickness Proportion of Moi tar No. of Rricks No of Bricks 

of Joints. in the whole inass per cub y aid. per cub foot. 

I «nch .about ^ .638. 23.63 

if “ . “ | . 574 . 21.26 

| “ . “ -fo .i. 522 . 1».33 

\ “ . “ .. 17.60 

I " . " ylf . . 1ft 04 

In estimating for bricks in massive work, allow 2 or 3 per ct for waste; 

md m common buildings, 5 per ct. or more Much of the waste is Incuired in cutting bricks to fit 
.ingles, Ac. In Philadelphia a barrel of lump lime is allowed for 1000 bricks; or for 2 poetics (25 oub 
ft each) of rough cellar-wall rubble. Somewhat less moitar per 1000 is contained in Ihm walls, than 
in massive cngiuceriug structures, because the former have proportionally more outside lace, which 
dm-!, not require to be coveted with mortar. but thin waits involve more waste while building; so that 
••"th require sbout the same quantity of materials to be provided. Careful experiments show thai 
mortar becomes harder, and more adhesive to brick or stone, if the propoitum of lime is increased, 
■I' n<‘e. ou our public works the proportion of oue measure of quicklime to 3 of sand, is usually spec 
died. hut probably never used 

Idme in usually Mold in lump, by the barrel, of about 280 fts not, 
or 2.4) ft* gross. A heaped bushel of lump lime averages almiit 75 lbs. Ground quicklime, 
loo-e, averages about 70 lbs per sli uok bushel; and 'l bushels loose just fill a comiuun lloui barrel, but 
bom 3 5 to 3 75 bushels, or 245 to 280 tbs can readily be compacted into a barrel. 

(•piiernl remarks on mortur ancl lime. On too great a pro¬ 
portion of our public works, the common lime mortar may be seen to be rotten and useless, where it 
• is lieen exposed to moisture; which will be carried by the capillary action of earth to several reel 
ala.ve the natural surface, or as far below the artificial surface or embankments deposited behind 
abiitim nts, rctaining-walls, Ac The same will frequently be seen in the nottlts of srehes under em¬ 
bankments. Common Hme mortar, thus erposrd to court avt moirturr, viU never harden properly. 
Even when very old and hard, it absorbs water freely. Cement alro does so, hut harden*. 

■trickdiiNt, or burnt clay, improves common mortar: and make* ithydraulic. 

In localities where sand cannot be obtained, burnt day, ground, may be substituted ; and will gen¬ 
erally give a better mortar. 

Protection of qnicklime from moisture, even that of the air, is 

absolutely essential, otherwise it undergoes the process of nir-Mlnckiiiff, oi 
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•pan canon tin iluklng, by which ft become# reduced to powder as when slacked br water u usual, 
bat without heating. and with but little swelling. As this air slocking require* from* few months w 
a yeiir or more, depending on quality and expoaure.it glvcH the lime time to absorb sufficient carbonic 

acid from the air to injure or destroy its efficacy. But qni«‘lilime will keep 
(rood for » loose 1 1 me if first ground, and then well packed in air-tight 

barrels. The grinding also breaks down refractory particles found in all blue- and which injure th* 
mortar by not slacking until it has been mode and used. For the same reason it is better that lime 
abould not be made into mortar as soon as it is slacked, but bo allowed to lemaiu slacked for a day ot 
two (or even several) protected from rain sun and dust 

Lime slacked in great bulk may char or even set fire to wood. 

Lime paste and mortar trill keep for years, and improve, If well 

buried In the earth. Also lor months if merely covered In heaps under shelter, with a thiok layer oi 
sand. Ttie paste sliriuss hj«i cracks in (lrt leg, but the saud In mortar prevents this. 

As approximate averages varying much according to tho character and 
degree of burning of tho limestone; and to the Oneness or coarseness of the sand, one measure of 
good quicklime, either in lump, or ground. if wet with about % 11 measure of water, will within less 
than an hour, slack to about 2 measures of div powder. And if to tins powder there be added about 
ft more measures of water, and 3 measures of dry sand, and the whole thoroughly mixed, the result 
will be about d ft measures of mortar. Or the same slacked dry powder, with about 1 measure of 
water, and 5 measures of saud, will make about 5ft uieavuie* of mortar. In both cases the bulk of 
the mortar will lie about ft part greater than that of the drr s.md alone If ft of a measure of water 
be used for slacking, the result, instead of a dry powder, will he about 1ft measures of stiff paste, or 
with 1 whole measure of water for Blacking, the result will he about 1 ft measures of thin paste, or 
about the propercousistenoe for mixing with the Baud. Very pure, fat limes, slack quickly, and make 
about from 2 to 3 measures of powder; while poor, meagre ones, require more time, and swell less 
Slow slacking, and small swelling, In case the lime lias been properlr burnt, are not in general bad 
properties; but on the contiary, usually Indicate that it is to some extent hydraulic. In this case it 
makes a better mortar, especially for works exposed to moisture, or to the weather. Very pure limes 
are the worst of all for suoh exposures; or are bad weather-limet i and in important works, should 
never be used without comeut. 


Shell lime appears to be about the same as that from the purest limestones; 

but that from ohalk 1 b still more Inferior and will not bear more than about Ift measures of sand; 
its mortar never becomes very hard. Madrepores (commoulv called coral) appear to furnish a lime 
intermediate botween those of ohalk and limestone They require to he but moderately burnt. 


The average weight of common hardened mortar is ubout 105 to 115 lbs 

per cub ft. 

Grant is merely common mortar made so thin as to flow almost like cream. 

It is Intended to fill interstices left in the mortar-joints of rough masonry; but unless it contains a 
Urge amount of oement, it is probably entirely worthless; since the great quantity of water injures 
the properties of lime; and moreover. Its ingredients separate from each other: the sand settling be 
low the lime. Beside* this, it will never harden thoroughly iu the interior of thick masses of ma¬ 
sonry ; Indeed, the same may probably he said of any common lime mortar. In such positions, It has 
been found to be perfectly soft, after the lapse of many years. 

Both the sand and the water for lime mortar, should l>e free from clay and 
•all. The clay may be removed by thorough washing; but it is extremely dif- 

Boult to get rid if the salt from seashore sand, even by repeated washings. Enough will generally 
remain to keep the work damp, and to produce efflorescences of nitre on the surface, whether with 
lime, or with cement mortar. Slacking by salt water gives loss paste than fresh. 

Mortar should not be mixed upon the surface or clayey ground . but a rough board, brick, or stone 
platform should be interposed. Pit sand sifted from decomposed gneiss, and other allied rocks, is ex¬ 
cellent for mortar; ita Bharp angles making with the lime a more coherent mass than the rounded 

C uns of river or sea sand. Mortar should be applied wetter in hot than in cold weather; especially 
briokwork; otherwise the water is too much absorbed by the masonry, and the mortar is thereby 
injured. 


The tenacity, op cohesive utrenglh, that is, the resistance to a pull 

of good common lime mortar of the usual proportions of lime and sand, and 6 months old, is about 
*om 15 to 30 lbs per sq inch; or .B6 to 1.8 ton* per sq ft. With less sand, or with greater age, it will 
be stronger. 

The crushing strength of good common mortar 6 months old 1b from 154 

• 800 lbs per sq inch, or 9.7 to 18.8 tons per sq foot 

The sliding resistance, or that which common mortar opposes to anj 

tree tending to make one ooarse of masonry «llde upon another, ie stated by Boudolet, to be but 5 U 
jer sq inoh; or about one third of a ton per sq ft. in mortar B months old. 

Transverse strength of good common mortar 6 months old. A bar 1 

hch square end 12 ins clear span, breaks with a center load of 4 to 8 lbs. 

The lime in mortar decays wood rapidly, especially in close, 
.frap situations. Still the soaking of timber for a week or two in a solution of quicklime in water 
appears to act as a preservative. Iron, so completely embedded in mortar as to exclude air ana 
moisture, has been found perfect after 1400 years; but if the mortar admits moisture the iron decaj* 
Bo, probably, with other metals. 

The adhesion to common bricks, or to rough rabble at any 

swe will average about ft of the oohesive strength at the same age; or say 12 to 24 lbs per sq inch, or 
3»tol.5tonpersqnaiB months old- If care be taken to exclude dust entirely, by dipping ewe 
brtok into water before laying It, or by sprinkling the stone by a hose, tea, the adhesion will be « 
■eased. On the ether hand, much dost may almost prevent any adhesion at alL The precaution or 
vetting Is especially neoeaaary in very hot weather to prevent the warm brloksor stone from toil 
tke saartar by the rapid absorption and evaporation of ha water. The MhesIeB t» W 
” b httrd preaaed fertoha, er to smoothly dreeeedor aawedetone U considerably km* 
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Art. 2. Bricks, sixe, weight, Arc. A brick 8.25 X 4 X 2 ins contain! 

66 cub ins; or 26.2 bricks to a cub It; or 707 bricks to a cub yard. 

In ordering a largo number, a minimum limit of dimension should be specified, 
in order to preveut fraud. A brick % inch less each way than the above, con¬ 
tains but 52.5 cub ms; thus requiring full 25 per cent more bricks to do the same 
work, and 25 per ct more cost lor laying, which is generally paid by the 1000. 

The weight of a good common brick, 8.25 X 4 X 2 ins, will average about 
4.5 lbs; or 118 lbs per cub ft — 3186 tbs or 1.42 tons per cub yard; or 2.01 tons per 
1000. A good pressed brick of the same size will average about 5 ibs, — 131 ft* 
per cub ft = 3537 tbs or 1.58 tons per cub yd; or 2.23 tons per 1000. Since the 
weight of hardened mortar averages but little less than that of good common 
brick, we may for ordinary calculations assume the weight of brickwork, 
with common bricks, at 1.4 tons per cub yard, or 116 lbs per cub ft; and, with 
pressed brick, at 1 56 tons per cub yd, or 129 Ibs per cub ft. 

In water, either brick will in a few minutes absorb from % to % ft of 
water: or 0.1 to one-seventh of the weight of a pressed brick, or % t0 one-third 
of its bulk. 

Number of bricks 8% X 4 X 2, required persq foot of wall, allow¬ 
ing for the usual waste in cuttiug bricks to fit corners, jambs, Ac.: 

Wall 8% ms, or 1 brick.14 bricks | Wall 21% ins, or 2% brick 35 bricks 

“ 12% “ or 1% “ .21 “ “ 25% “ oi 3 “ ....42 “ 

“ 17 “ or 2 “ .28 “ J 

Laying, per day. A bricklayer, with a laliorer to keep him supplied with 
materials, will, in common house walls, lay on an average about 1500 bricks per 
day of 10 working hours. In the neater outer faces of back buildings, from 1000 
to 1200; in good ordinary street fionts, 800 to 1000; or of the very finest lower 
story faces used in street fronts, from 150 to 300, depending on the number of 
angles, Ac. In plain massive engineering work, he should average about 2000 
per day, or 4 cub yds; and in large arches, about 1500, or 3 cub yds. 

Since bricks shrink about ^ part of each dimension m drying and burning, 
the moulds should be about ^ part larger eaeh way than the burnt brick is 
intended to be. Good well-burnt bricks will ring when two aie struck together. 

A." the brick-vards about Philadelphia, a brick-moulder’s work is 2333 bricks 
per day; or 14000 per week. He is assisted by two boys, one of whom supplies 
the prepared clay, moulding sand, and water; while the other carries away the 
bricks as they are moulded. A fourth person arranges them m rows for drying. 
About % of a cord, or 96 cub ft of wood, is allowed per 1000 foi burning. Where 
coal is used, the kilns are fired up with anthracite, and the finishing is done with 
bituminous. One ton of coal, in all, makes 4500 bricks. 

For paving sidewalks the bricks are laid on a6-incli layer of gravel, 
which should be free from clay, and well consolidated. With bricks of 8% X 4 
A 2 ins, with joints from % to % inch wide, a square yard requires, flatwise, 
38 bricks; edgewise, 73; endwise, 149. An average workman, with a luborer to 
supply the bricks mid gravel, will in 10 hours lay about 2<KK) bricks; or 53 sq yds 
flat, 27 edgewise, 13 endwise. When done, sand is bmshed into the joints. 

Art. 3. The emailing strength of brieka of course varies greatly. 
A rather soft one will crush under from 450 to 600 ibs per sq inch; or nboiu 30 
to 40 tons per sq ft; while a first-rate machine-pressed one will require about 200 
to 400 tons per sq ft, or about the crushing limit of the best sandstone; two- 
thirds that of the best marbles or limestones; or % that of the best granites, 
or roofing slates. But masses of brickwork crush under much smaller loads 
than single bricks. In some English experiments, small cubical masses, only 
9 inches on each edge, laid in cement, crushed under 27 to 40 tons per sq ft. 
Others, with piers 9 ins square, and 2 ft 3 ins high, in cement, only two days 
after being built, required 44 to 62 tons per so ft to crush them. Another, 
of pressed brick, in best Portland cement, is said to have withstood 202 tons 
per sq ft; and with common lime mortar only % as much. 

It must, however, be remembered, that cracking and splitting usually com¬ 
mence under about one-half the crushing loads. To he safe, tbe load should not 
exceed % of the crushing one; and so with stone. Moreover, these experiments 
were made upon low masses; and the strength decreases with the proportion 
ef the height to the thickness. 

The pressure at the base of a brick shot-tower in Baltimore, 246 feet high, is 
estimated at 6% tons per sq ft; and in a brick chimney at Glasgow, Scotland, 
468 feet high, at 9 tons. Professor Rnnkine calculates that in heavy gales this is 
Increased to 15 tons, on the leeward side. 

82 
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With our present imperfect knowledge on this subject, it cRnnot bo considered safe to expose even 
flrst-class pressed brickwork, fn cement, to more than 12 or 15 tons jier sq ft, or good hand-moulded, 
to mnro than two-thirds as much. 

Tensile strcnjy I li of brick, 40 to 400 lbs per sq inch ; or 2.6 to 26 tons per sq ft. 
The English rod of'brick work is 306 cub feet, or 11% cub yards; and 

requires about H500 b-'cks of the English standard sire, with about 15 cub ft of mortar. The English 
hundred oj Ume, is a rub yd 

!■ *"0*011 mortar. There Is risk in iimur common mortar in cold weather If the cold 
should continue long enough to allow the ftoxen inoi tar to set well, the work mat remain wife, but tl 
a warm day should oecui between the fleering anil the setting ol the mortar, the suu shining on one 
side of the wall may melt the nmrtur on that side, while that on the of bet side may remain tw/< n 
hard. In that case, the wall will bo apt to fall; or it It does not, it will at 'east always be weak ; toi 
mortar that has partially se.t while frozen, if theu melted, will never reguiu tls strength. By the 
writer’s own trials hydraulic cements seemed not to be injured by lreezing. 

Experiments for rendering brick mnwnry impervious to 

water. Abstract of a paper read before the American Society of Civil Engineers, May 4,1870, 
Ay William I,. Dearborn, Civil Engineer, member ot the 8octett 
The face walls of the Bsek Bays of the Gate-houses of the new Croton reservoir, located north 
Of KightT sixth Street, in Central Patk, were built of the best quality of hard-burnt brick, laid m 
■ortar composed of hydraulic cement of New Y«t k. aud sand mixed lit the proportion of one measure 
•f oeineul to two »r sand. The space la-tween the wallsis4 ft and was Glleil with concietc. The face 
walls were laid up with great cure and every precaution was taken to have the joints well Oiled and 
insure good work They are 12 ms thick, and 40 ft high; anil the Bays when full gem-tally have 36 ft 
of water in them. 

When the reservoir was first filled, and the water was let into the Gate-houses It was found to filter 
through thc*e walls to a considerable amount. As soon as this was discoveied. the water was drawn 
out of the Bays, with the intention of attempting to remedy or prevent this itillUrntiou Aftei care¬ 
fully considering several modes of accomplishing the object desired. 1 came to the couclusiou to try 
“ St Hester's Process fur Repelling Moistuie front External Walls ' 

The process consists In u-itig two washes or solutions for covering the surface cf brick wall*; one 
composed of Castile soap aud water, aud one of alum and water. The proporlinus ate • three quar¬ 
ter* of a pound of soup to one gallon of water; aud half a pound of alum to four gallous of water 
both substances to be perfectly dissolved in the water before being used 
The walls should lie perfectly clean and dry ; and the temperature of the air should not be below 
60 degrees Fahrenheit, when the compositions are applied 
The first, or soap wash, should b>- laid on when at boiling heat, with a Hat brush tnkitig care not 
to form a ftoth on the bnckwork This wash should remain tweiitv-four hours . so as u> become dry 
and hard before the second or alum wash is applied, which should he done tu the same manner a* 
the first The temjieruture of this wash when applied may he60°or 70°, and It should also remain 
tweui v-tour hours before a second coal of the aoajt wash ih put on , and these coats arc to be repeated 
altern.iielv until the walls are made .mpervions to water. 

The alum and soap thus combined form an insoluble compound, filling the poies of the masonry 
and entirely preveutiug the water from penetrating the walls. 

Before applying these compositions to the walls of the Bays, some exoerlmeuts were made to test 
the absorption of water by bricks under pressure after being covered with these washes, iu order to 
determtue how many coats the wall would requite to render them impervious to water. 

To do this a strong wooden box was made put together with screws, large enough to bold 2 bricks; 
and on the top was Inserted an Inch pipe fortv feet long. 

In this box were placed two bricks after being made perfectly drv, and then covered with a coat of 
each of the washes, as before directed, and weighed. They were then subjected to tbe pressure of a 
oolumn of water 40 feet high , aud. ufter remaining a sufficient length of time, they were taken out 
and weighed again, to ascertain the amount of water they had absoi lied. 

The hi icks were then dried, and again coated with the washes and weighed, and subjected to press¬ 
ure as before; and this operation was repeated until the bricks were fotiud not to absorb any water. 
Pour coatings reudrred the bricks impenetrable under the pressure of 40 ft head 
The mean weight of tho bricks (dry) before being coated, was lbs; the mean absorption was 
one-half pound of water. An hyiliometer was used iu testing the solutions 
As this experiment was made iu the fall and winter. (1863,) after the temporary roofs were put on 
to the (iate-house, artificial he-it had to be resorted to. to dry the wall* and keep the air at a proper 
temperature. The oost was 10.06 cts per sq ft. As toon as the last coat had become hard the water 
was let Into the Bars, and the walls were found to be perfectly impervious to water, and they still 
remain so In 1870, after about 6)4 yeai*. 

Brick arch (FOOTWAY of Hioh Rrimmc). The brick arch of the footway of High Bridge 1* the 
are «f a circle 29 ft C iu radius; and is 12 in thick; the width on top Is 17 ft; and the length covered 
Was 1381 ft. 

The first two courses of the brlok of the arch are composed of the best hard burnt brick laid edge¬ 
wise In mortar composed of one part, by measure, of htdraulio cement of New York, and two parts 
of sand The top of these bricks, and'the inside of the granite coping against which the two top 
©curses of brick rest was, when they were perfectly dry, covered with a coat of asphalt one-half an 
Inch thick, laid on when the nsphalt was heated to a temperature of from 880<> to 518° Fahrenheit. 

On top of this was laid a oourse of brick flatwise, dipped in asphalt, and laid when the aaphalt was 
hotj and the joints were run full of hot asphalt 

On top or thi* a course of pressed brick was laid flatwise In hydraulic oeraent mortar, forming tbs 
paving and floor or the bridge. This asphalt was the Trinidad variety: and was mixed with 10 pel 
tent, by measure, of ooal tar; and 26 per cent of sand. A rew experiments Tor testing the strength 
of this asphalt, when used to cement bricks together, were made, and two of them are given below. 

Bix brick*, pressed together flatwise with asphalt Joints, were, after lying six months, broken 
The distance between the supports was 12 in*; breaking weight, 900 lbs, area of single joint, 28>< *0 
pc. The uphclt ad he. d ao strongly to tbe brick as to tear away the surface in many plaoes- 
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Two bricks proved together end to end. oemented with ftiphalt, were, after lvlng fl month*, broken. 

The diHiuuce between tno supports was It) in* urea or joint, so lm; breaking weight, 150 lb*. 

The area of the bridge covered with asphalted brick, was 23066 »q ft. There was used 94200 Bw of 
asphalt. 33 barrels or coal tar, 10 oub yds of laud, 9.1800 bricks. 

The time occupied was 109 da)a of in.isuus, aud 118 days of laborers. Two masons and two labor¬ 
ers will melt aud spread, of the first ooat, 1650 sq ft per day. The total oost of this coat was 5.25 
cents per sq ft, exclusive of duty on asphalt. There were three grooves, 2 in* wide by 4 ins deep, 
made entirely across the brick arch, and immediately under the Hist coat of asphalt, dividing the 
arch into four equal parts. These grooves were tilled with elastic paiut cement. 

This arrangement was intended to guard against the evil effects of the contraction of the arch in 
wiutcr; as it wa* expected to yield slightly at these points, aud at no other point; and then the 
elastic cement would prevent any leakage there. 

The entire experiment has proved & \ery successful one, and the arch has remained perfectly tight. 

In proposing the above plan for workiug the asphalt with the brickwork, the olyect was to avoid 
depending on a large continued surface of asphalt, as is usual in coveriug arches, which very fro- 
quenill cranks fiom the gieater (wmtractum of the asphalt than that of the masoun with which it it 
lu contact, the extent of the asphalt on this work being only about oue-qnarlcr of an inch to each 
brick This is deemed to be an essenttal element iu the success ot the impervious ooveriug." 

A cheap and effective process for preventing the percolation of water through the arches of aque 
duets, aud even of bridges is a great desideratum Many expensive trial* with resinous compouud* 
have proved (allures. Hidrnulic cement appears to merely diminish the evil. Much of the trouble 
U probably due to araoks produced by ohangea of temperature. 

Tin* white efflorescence bo common on walla, especially on those of brick, 
is dm* to the presence of soluble s situ in the bricks and mortar. These are dissolved, 
at'-l c.iri it'll to the face of the wall, by rain and other moisture. Sulphate of magne¬ 
sia \ Kpsom Salt) apiiears to ho the most frequent cause of the disfiguration. In many 
places mortar lime is made from dolomite, or magnesian limestone, which oiten con¬ 
tains .10 per cent or more of magnesia; which also occurs frequently in brick clay. 
Coal generally contains sulphur, most frequently In combination with iron, forming 
the well-known “ Iron pyrites ”. The combustion of the coal, os in burning the lime¬ 
stone or clay, in manufactures, in cooking etc, converts the sulphur into sulphurous 
ac id gas, which, when in contact with magnesia and air, as in the lime or brick kiln, 
in the finished wall or chimney, becomes sulphuric acid and unites with the mag¬ 
nesia, forming the soluble sulphate. We are not aware of any remedy that will pre¬ 
vent Its appearance under such circumstances; but the formation of the sulphate may 
be prevented by the use of limestone and brick-r’ay free from magnesia. 
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Cement. 

For experiment*, see p 1303. 

For specifications, see pp 1229, 1232, 1234, 1352. 

For Concrete, see pages 1252, etc. 

For abbreviation*, symbol* and reference*, see p 1251. 

1. The property of setting and hardening under water is called bydran* 
licity; and cements, which harden under water, are called hydraulic 
cement*; or, more briefly, cement*. For behavior of cement 
when mixed with water, with or without sand,‘see Mortar, p 1243. 


Material*. 


2. The element*, chiefly concerned in the action of lime and 
oem mortars, are— 


Calcium, 

Aluminum, 

Carbon, 

Silicon, 

Hydrogen, 


Ca 

A1 

C 

Si 

H 


Oxygen, 0. 


3. Oxygen combine* with each of the others, forming oxides. 

Thus: Calcium oxide, CaO, is lime; 

Aluminum sesqui-oxide, A1 2 0 3 ,* is alumina; 

Carbon dioxide, COg, is carbonic acid; 

Silicon dioxide, Si0 2 , is silica, or silicic acid;t 
Hydrogen monoxide, H 2 0. is water. 

4. The material* most used in the manufacture of cements are either 
(a) calcareous, (b) argillaceous, or (c) both calcareous and argillaceous. 

(a) Calcareous (rich in lime carbonates). 


Limestone. a lime carbonate, or combination of lime and carbonic acid 
CaO + COj or CaCOj. Marble is limestone. 

Dolomite, or magnesian limestone, containing about 45 per cent 
of magnesia carbonate, MgO. CO^. Where strata of limestone and dolomite 
adjoin, the rock varies in composition between the two, containing percent¬ 
ages of magnesia carbonate varying from 0 to 45. 

Chalk, a soft limestone, composed of remains of marine shells. 

Marl, a soft and impure hydrated $ lime carbonate, precipitated from 
■till water and found in the beds and banks of extinct or existing lakes. 

Alkali waste, lime carbonate, precipitated, as a waste product, in the 
manufacture of caustic soda. 

Coral. See II 5 


(b) Argillaceous (rich in alumina silicates). 

Clay (including argillaceous minerals in general), an alumina silicate, or 
combination of alumina and silicic acid, A1 2 0 3 4- Si() 2 . 

Shale and slate, clay, solidified by geological processes. 

Pnzzolana, or pozzuolana, a volcanic slag, found at Puzzuoli, or Poz- 
zuoli, near Mount Vesuvius, an impure alumina silicate. 

Blast furnace slag, practically an artificial puzzolana. 

Brick-dust. See 1)6. 

(c) Rich in both lime carbonate and alumina silicate. 

Cement rock is argillaceous (clayey) limestone. The alumina silicate 

usually ranges from 13 to 35%. There is generally a considerable per¬ 
centage of magnesia carbonate, amounting sometimes to 25 %. 

5. A soft coral rock, from the reefs near Colon, Panama, mixt 
with clay and silt brought down by the Chagres river, or with “a pumiceous 
rhyolite tuff,” found on the Isthmus, or with both, and crushed, burned anu 
tested at the Lehigh Valley Testing Laboratory, at Allentown, Pa., gave a 


♦The subscripts indicate the combining ratios of the several elements. 
Thus, in alumina, AljOj means a compound of 2 atoms of aluminum with 5* 
of oxygen. 

t Quartz is silica; and most of the sand, used in mortar, is quartz sand. 
t Hydrated; containing chemically combined water. 
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uniform cement, comparing favorably with average standard brands of 
J^ehigh cement. The coral rock is “a remarkably pure lime carbonate.” 
The Chagres clay and silt are ‘ ‘ rather low in silica, but contain a relatively 
large amount of iron as compared with alumina.” The tuff “is of approx¬ 
imately the same composition as the argillaceous materials used in the 
Lehigh district of Pennsylvania.” (Ernest Howe, U. 8. G 8, E N, '07/Nov/ 
21, p 544.) See If 29, etc. 

6. Mr. Ernest McCullough “mixed fine brick «lnst and hydrated 
lime together and made a fairly satisfactory cem for a small concrete 
job in a locality where Portland cem could not be obtained.” (E N, ’07/ 
Nov/21, p 557.) 

7. Id me. When limestone (without clay) is “burned,” its C0 2 is 
driven off, and the remaining (•‘quick”) lime has a stroug affinity for 
water, absorbing it with such avidity as to develop heat sufficient to pro¬ 
duce steam, the generation of which disintegrates and swells the mass. 
Combining thus with the water, the lime forms calcium hydrate, Ca().H 2 0, or 
CaH 2 0 2 . This process is called slaking or slacking; and lime which 
has satisfied its affinity for water is called slaked (or slack) lime. When 
slaked lime is used as mortar, it gradually absorbs carbonic acid from the 
air, forming lime carbonate, the water being liberated and evaporated. 
Hardened Ume mortar may thus be regarded as an artificial limestone. 

Manufacture. 

S. Cement. When alumina silicate, such us clay, in sufficient quantities, 
is “ burned ” with calcium carbonate, such as limestone, the burned prod¬ 
uct, called cement, is deficient in, or devoid of, the slacking property; but. 
on the other hand, when it is made into mortar, the combinations, formed 
between the elements of the lime, the alumina, the silica and the water, 
during the burning, and afterward in the mortar, are such that they readily 
proceed under water. Chemists differ as to the nature of these combina¬ 
tions, except that these constitute a proceas of crystallization, resulting 
chiefly in the formation of hydrated lime silicate and hydrated Ume alumi- 
nate, which two compounds constitute the major portion of most cems. 

Natural and Portland Cement. 

9. In the manufacture of ‘•natural” cement, cement rock, broken 
into lumps, is first calcined, at from 1000° to 1400° C (1800° to 2500° F) in 
a stationary kiln, in alternate layers with coal of about pea size, as fuel. 

It is then ground to a fine powder, and this is sometimes specially mixed, 
in order to increase its uniformity. 

10. The qualities of nat cems vary widely, owing to diffs in the 
compositions of cem rocks found in diff localities. 

11. The name Roseudale, originally and properly restricted to nat 
cems made in Ulster County, N Y, was at one time applied indiscriminately 
to American nat cems in general. 

12. In Europe, quick-setting nat cems are called ‘•Roman cements.” 

15. Portland cement was so called on account of the resemblance of 
the hardened mortar to Portland stone, the oolitic limestone of Portland, 
England. 

11. Portland cem is made from different combinations of the cal¬ 
careous and argillaceous materials named in 1] 4, and these require different 
preliminary treatments. Thus, hard rock is crushed; soft rock arid clay are 
ground; marl and clay are mixed wet, and the marl is sometimes pumped^ 
to the mill. In any case, the resulting materials are dried and finely ground, 
mixed, and then calcined at a temperature of 1450° to 1550° C, or say 2600® 
to 2800° F, producing incipient vitrifactiom which consists of the chemical 
combination of the silica, alumina and lime, into a glassy clinker, essentially 
a lime silicate and aluminate. The resulting clinker is again ground to an 
impalpable powder, which is the finished product. 

IK. The proportions of the several materials are carefully adjusted. 
There is usually from 74 to 77.5 % lime carbonate, and about 20 % of 
alumina silicate and iron oxide. See U 32. 

16. Manipulation. The raw material is sometimes molded into bricks 
which are burned in a stationary kiln; but it is now more generally fed, aB 
a fine powder, into the upper end of a nearly hor cyl (rotary kiln) 6 to 8 ft 
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in diam and from 60 to 100 ft or more in length. Coal dust, as fuel, is in- 

i 'ected, by an air blast, into the other end; while most of the air, required 
or combustion, is admitted freely from the atmosphere thru other openings. 

17. As in the case of lime, the burning drives off the carbonic acid 
and water, and more completely oxidizes any iron present. 

18. The higher cost of Portland cement is due to the more 
careful selection of the materials and to the more elaborate and expensive 
treatment given them, resulting in the ultimate attainment of much greater 
strength and uniformity than are usually found in nat cems. 

19. Tile improvement*, which have been made in the manufacture 
of l'ortlund cement, are driving out other makes. Owing to its 
greater sand-carrying capacity, it is often used, by cyntrnctors, even where 
the specifications permit the use of nat cem. 

20. Overturning is liable to occur, if the material is deficient in lime 
(“over-clayed”)* Ifnderhnrning yields a soft brownish clinker, and 
weak, quick-setting cem, heating in water. Some cems, slow at first, lie- 
come quicker after storage. 

21. Portland (!oment is used for structures subjected to severe or 
repeated stresses, for cases where high strgt.li must be attained in a short 
time, for concrete buddings, where water will be in contact with new work, 
for thin walls subject to water pres, and for work exposed to abiasion or to 
weather; while natural cement may be used in drv sheltered founda¬ 
tions under compressive loads not exceeding 75 lbs per sq inch and not 
imposed until 3 months after placing, for backing and filling m massive 
cone or stone masonry where wt and mass are du iderata, and for street and 
sewer foundations. 

Piizzolana. 

22. King cement* (sometimes called piizzolana cements or puz- 
zolana) are intimate mixtures of slaked lime and basic blast-furnace slag, 
both finely ground, and not calcined. As the slag leaves the blast-furnace, 
it is chilled and disintegrated by running it into water. A little soda is 
sometimes ad Jet I, to hasten setting. Slag cem is not to be confounded with 
those Portland cems in which slag is one of the ingredients. 

23. In dry air, the sulphides, contained in Piizzolana cement, oxi¬ 
dize, and cause superficial cracking. It sets more slowly than Portland, 
unless treated with soda. If so treated, the soda becomes carbonated 
under long storage, and the cem again becomes slow-setting. Since puzzo- 
lana cem, properly made, contains no free or anhydrous lime, it does not warp 
or sweil, and requires less water than Portland; but, for permanency after 
placing, the finished work should be kept constantly moist. It is recom¬ 
mended for use in Bea water, alone or mixed with Portland. Its mortar 
is tougher than Portland, but never becomes so hard. It should not be 
subjected to attrition or blows. (Report, Board of U S Engr officers, 
U. S., Prof’l Papers No 28, ’01.) 

24. Puzzolana cement is said to work well if used with 2 or 3 parts 
sand and not subjected to freezing weather. Its ingredients must be finely 
ground and intimately mixed. It is used where extreme strength and 
hardness are not required 

Silica Cement. 

25. Silica Cement, or Hand cement, was originally made by 
mixing Portland cem with quartz sand (silica) and grinding the rruxture to 
extreme fineness It was claimed that the cem thus became much more 
♦ finely ground, and that “silica cement,” containing one part Portland cem 
and three parts silica, could therefore carry, in mortar, nearly as much sand 
as could the pure cem alone; also that mortars, made with silica cem, were 
less permeable to water than those made with pure eem in the ordinary way. 

26. Owing to the high cost of grinding the quartz sand, less refractory 
materials, such as llme-H(one, are now substituted for it. The product, 
so obtained, is still called “silica cement,” altho containing a less propor¬ 
tion of silica than Portland cem. 

27. Silica cement mortar is said to work more smoothly under 
the trowel than that made with ordinary cems. 

28. In the construction of a concrete lock at St. Paul, Minn., it was in¬ 
tended to use 1.5 volumes silica cem as equivalent to 1 vol Saylor’s Port- 
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land; but experiments indicated that, at 6 mos, concrete, made with silica 
cem, was as strong as that made with Portland. 

Other Cements. 

29. White Portland cement, obtained by making certain modifi¬ 
cations in the process of manufacture, is nearly colorless. It is suitable for 
making imitation marbles, etc., and capable of taking artificial coloring, 
ll is higher in price than ordinary Portlands. See *| 44. 

SO. Iron ore cement (“Erz-cement”), Krupp Steel Co. In this 
cem, the argillaceous material of Portland cem is mostly replaced by iron 
oxide. The material is burned and ground as for Portland cem, HU 13, &c. 
Spec grav, 3.31. Slower setting than Portland. Sound. Low early 
strgths; but, in time, strgth far exceeds that of Portland. No trace of 
expansion or crackg in sea water under 15 atmospheres. (Wm. Michaelis, 
Jr., Western Soc Engrs, Aug 1907; S. B. Newberry, Cement Age, Jan 1907.) 

81. Hydraulic lime is a name given to cems (much used in Europe) 
which, while to some extent hydraulic, do not contain enough of the hydrau¬ 
lic elements to prevent slaking. The slaking, however, is slower, and the 
swelling less, than with lime proper. 

Composition. 

82. Analyses of cements, in percentages. 

In each group of three lines, 

the upper line shows the max percentage. 

“ middle “ “ “ mean “ 

“ lower “ " “ mui “ 


Siliea. Alumina.Iron Oxide. Lime. Magnesia, 

Si <J 2 Al 2 O s Fe t O s Ca 0 Mg 0 



88. The ratio of the wt of alumina silicate to that of the lime, in a com, 
is called its hydranlic index. Other things being equal, it may be used 
as an indication of the hydraulieity of the cem. 

84. Thus, if a cem contains 30 % alumina silicate and 60 % lime, its hy¬ 
draulic index is 30/60=0.50. 

815. The hydraulic modulus is approximately the reciprocal of the 
hydraulic index; t.e., the modulus is the ratio, by wt, of lime, to silica, 

* Richard K. Meade, “Portland CcmcDt,” 1906, pp 16-17. 

fE. C. Eckel, "Cements, Limes and Plasters,” 1907, pp 253 etc., 667-8. 

1 16 analyses of “Steel” (slag) cement, made by Illinois Steel Co., South 
Chicago, reported by Board of U. S. Engr Officers, 1900, gave practically the 
same avs, but with generally greater uniformity: silica, 29.9 to 27.8; alumina 
and iron, 12.1 to 11.1; lime, 52.1 to 50.3; magnesia, 3.0 to 1.6. 
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alumina and iron oxide. It is sometimes specified that the modulus, in 
Portland cement, shall be 1.7. 

86. In natural cements, the modulus usually ranges from 0.667 to 1.667. 

37. Mr. Spencer B. Newberry uses the ratio : 

(lime — alumina) silica, 

which he terms the lime factor, and which usually varies, in the raw 
material, betw 2.7 and 2.8, and, in the best commercial cems, betw 2.5 
and 2.6. 

38. Mr. Edwin C. Eckel (Cements, Limes and Plasters, p 170) suggests 
the 

Cementation index = L la _ + ——1 

. I + i.4ro 

where s, a, i, l and m are the percentages, by wt, of silica, alumina, iron 
oxide, lime and magnesia, respectively. 

39. The most common adulterants of cem are ground limestone, lime, 
shale, slag and ashes; and Portland cem is sometimes adulterated with nat 
cem. Most of the adulterants commonly used are merely inert, and there¬ 
fore only weaken the cem; but quick lime may do more serious mischief. 

See Cement Mortar, 28, etc., p 1245. 

Properties. 

Fineness. 

40. Fineness. Even in cem of standard fineness, the inner portions 
of the grains seem to remain inert. The finer the cem, the more sand it 
will carry and still produce a mortar of a given strength; but, in each case, 
there is a point where the cost of additional fineness offsets the additional 
advantage wluch may be gained. 

41. Hence fineness is less important with natural than with Port¬ 
land cem; for the cheapness of nat cem may render it advisable to use 
the cem in larger quantities, rather than pay for finer grinding, in order to 
secure the desired strgth. 

42. Cements, ground to extreme fineness, in order to secure strgths 
beyond those of commercial products, set so quicklv that thev must be used 
immediately after adding water. (Wm. Michaelis, Jr., Western Soc of 
Engrs, Aug '07.) 

43. The fineness of cement and sand is indicated as fol¬ 
lows, where the large numerals represent the sieve numbers; the small 
numeral, to the left of each sieve number, represents the percentage retained 
upon that sieve; and the final small numeral, to the right of the last sieve 
number, represents the percentage passed by the last sieve. The sum of the 
small numerals = 100. Thus, s 20 l5 30 ^O 15 means that 5 % were re¬ 
tained on a No. 20 sieve, 15 % on a No. 30, and 35 % on a No. 40, while the 
remaining 45 % passed the No 40 sieve. 

Color. 

44. Color. The lime silicates and aluminates, which constitute the 
cem proper, are colorless when pure. (See White Cement. U 29.) The 
color of cems is therefore due to other matter which is unavoidably present, 
notably to the iron oxides, and may be affected by either beneficial, harmful 
or neutral ingredients. Hence, color, in itself, is of but little value as a 
guide to quality; but variations in shade, in a given kind of cem, 
may indicate diffs in the character of the rock or in the degree of burning. 
Thus, with nat cems; a light color generally indicates an inferior or under¬ 
burned rock. A coarse-ground cem, light in color and wt, would be viewed 
with suspicion. 

45. “With Portland cem, gray or greenish-gray is generally considered 
best; bluish gray indicates a probable excess of lime, and brown an excess 
of clay. Natural cems are usually brown, but vary from very light to very 
dark. Slag cem has a mauve tint—a delicate lilac.” ‘ (Prof Ira 0. Baker, 
“A Treatise on Masonry Construction,” p 55.) 

Weight. 

46. Specific gravity and weight. See sneo grav, pp. 1232, 1234. 
The ap gr of the loM particles of cem is not affected by fineness of grinding, 
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but is diminished by absorption of water and earbonie acid under exposure, 
and is therefore increased by drying. The sp gr of Portland ceras may 
range from 2.9 to 3.25, ordinarily from 3 to 3.2; nat cems, 2.7 to 3.2; Pu*- 
zolano cem, from 2.7 to 2.9. 

47. The weight, per cu ft, of cem powder, is affected by exposure and 
by drying, as explained above, and is increased by compression, as in pack¬ 
ing. It is reduced by fine grinding, the finer particles packing less closely.:- 
Faija found a loss, in wt, of about 6 % in a few days after grinding; 17 % ' 
in 6 inos, and 21 % in a year. 

48. In a German Portland cem, Eliot C. Clarke found 90 lbs per cu ft 
when 40 % was retained on No. 120 sieve, and 75 lbs per cu ft when so finely 
ground that all passed the same sieve. 

49. As a rude approximation, Portland cem is taken as weighing 100 lbs, 
nat cem 75 lbs, per cu ft. 

Packages. 

50. Owing to variations in the specific gravity of cems, there is corre¬ 
sponding variation in sizes and weights of packages and their contents. 
The trade practice is to sell a bbl of I’oitland cem as 400 lbs gross (including 
wt of b bl); - nat, 300 lbs gross. 

51. X Portland Cement barrel is 2 to 2.2 ft high, betw heads, 
1.33 to 1.46 ft av diam. It weighs 21 to 29 lbs, and is lined with paper for 
ordinary transportation. Its capacity is 3.1 to 3.5 cu ft, but the cem, com¬ 
pressed into it, in packing, occupies 3.75 to 4.3 cu ft loose, and weighs 370 
to 390 lbs. The bbl is not returnable. 

52. A natural cement barrel weighs about 20 lbs. In the Wes¬ 
tern states it contains 265 lbs; in the Eastern states, 300 lbe, of cem. 

55. “ llomeNtic ” barrels are used for shipment to all pointB in the 
U. S., with slight reinforcement for Gulf ports; “standard export” 
bbls for Mexico and the West Indies; “special export barrels” 
where specially severe treatment is expected. 

54. The Ntandard export barrel is of better stock than the 
|‘domestic,” and is reinforced with cross pieces in the heads and with two 
iron hoops. It costs from 5 to 10 cts more than the “domestic” bbl, vary¬ 
ing with cost of cooperage stock. 

55. The special export barrel costs 10 to 15 cts more than the 
standard export bbl. It is all-hardwood, heavily hooped and reinforced, 
with wood cross-pieces in the heads, iron hoops, and clamps to hold the 
heads in place. A heavy waterproof lining is used instead of the heavy 
Manila paper used with the standard export obi. 

56. Most cem is now packed in “cloth” or paper bags, except for ship¬ 
ment by sea. 

57. Cement bags are made of cloth (canvas or cotton duck) and of 
“rope Manila” paper. When empty, they measure about 17 X 28 ins. 
(See Digest of specification of the Am Soc for Testing Matenals.) A “cloth” 
bag is usually charged to the purchaser at about 10 cts, and credited at 
about 7.5 cts when returned. Paper bags are charged at 2.5 cts each 
and are not returnable. 

58. The use of paper bags obviates loss of time in emptying and re¬ 
turning bags, shortage on lost or damaged bags, and loss of cem in transit 
or by failure t,o empty bags completely; but paper bags are more likely to 
lose their entire contents by breakage, and pieces of broken bags may get 
into the work and weaken it. 

59. For large work, cem has frequently been shipped in cars in 
bulk, with little loss or damage, provided the cars are carefully selected. 
This method is especially advantageous where the cem is tested at the mill, 
stored in “accepted bins.” and shipped direct to the work, in sealed cars. 
The cars may De unloaded by automatic conveyors. Bags and bbls are 
often preferred as furnishing a convenient means for keeping account of the 
quantities of cem entering the work; but, in large operations, there should 
be no difficulty in arranging to keep such accounts with bulk shipments. 

Age. 

60. “ Aging ” consists in the slaking of the free lime remaining in the 
cem after burning. Good Portland cem is improved by a few weeks of 
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aging in dry air; and, if kept dry it deteriorates but slowly under even 
long storage; but nat cems usually suffer by aeration; and cems in general 
being composed of compounds with a strong affinity for water, deteriorate 
if exposed to dampness. Hence, protection from moisture, even that of 
the air, is very t-'-ential for the pi enervation of cems, as well as of quick¬ 
lime. With this precaution, the eem, alt ho it may require more time to 
Bet, than when fiesher, does not otherwise very appreciably deteriorate in 
many months. 

61. Morale, under pressure, tends to the caking of cems, which, there¬ 
fore, does not necessanlv indicate deterioration. 

62. Keatorntion by rebnrniii£. Cems which have deteriorated by 
exposure, may be in great measure restoied by reheating to redness. 

6,1. If cemis Hlored in warm p la <•<>«. it is apt to “flash” when 
mixed with water, i. e., to set much moie lapidly than it should. 

TeMing. 

See Digests of Specifications, A S C E, p 942; Engng Standards Comm 
of Gt Brit, p 940; Report of Board of U S Kngr Officers, p 917. 

64. Thoro chemical lests of cem can of course be made only by 
expert chemists; but the following simple test may be made by the engi¬ 
neer. Treated with hydrochloric acid, “pure Port cem effervesces slightly, 
gives off some pungent gas, and gradually forms a bright yellow jelly, with¬ 
out sediment. Powdered limestone or cem rock, mixed with the com, 
causes violent effervescence, the acid giving off strong fumes until all the 
lime carbonate is decomposed, when tne yellow jelly forms. Quartz sanu 
remains undissolved. Reject cem containing these adulterants.” Judson, 
“City Roads and Pavements.” The presence of slag is generally indicated 
by the sulfur present, which causes a milky appearance, if the cem be agi¬ 
tated in a solution of hydrochloric acid in water. 

65. Fuller and Thompson found that cems, which failed to stand this 
test, failed also to set properly, while cems which passed it, also passed 
more elaborate chemical tests. (Trans A S C E, Vol 59, ’07, Dec, pp 73-4.) 
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properties and Tests of f oment. Report of Board U. 8. A. 
Engineer Officers. Pioperties and tests of Portland, Natural and l’uz- 
aohui* cements. Digest of a Uej>ort of Majors W. L. Marshall uud Smith S. 
iveach and Capt. Spencer Cosby, Board of Engineer Officers, on testing Hydraulic 
Cements. Professional Papeis, No. 28, Corps of Engineers, U. S. A., 1901. 

Unfortunately, tests for acceptance or rejection must be made on a product 
which lias not reached its final stage. A cement, when incorporated in masonry, 
undergoes chemical changes fur months, whereas it is seldom possible to 
continue tests for more tlmu a few weeks at the most. 

A lew tests, eaielully made, are more valuable than litany, made with less care. 

Cement which has been in Morale for a long time should be carefully 
tested liefore use, in order to detect deterimation. 

A cement should Ik* rejected, without regard to the projortion of fuilures 
among samples tested, if the samples show dangerous vauatiou in quality or 
lack ol cate in manufacture, and resulting lack ol uniformity in the product. 

The practiced! ottering a bonus tor cement showing an abnormal strength 
is objectionable, as it leads to the production of cements with defects not 
eii'.ily detected. 

For Portlander Vtizzolan cement, mak« tent a for (1) fineness of grinding; (2) 
specific gravity ; (2) soundness, or constancy of volume in setting; (4) time of 
setting, and (5) tensile strength. 1 or Natutal cements omit tests (2; and (3). 

(1) Fineness. Cementitious quality resides principally, if not wholly, in 
the very finely ground particles. Use a No 100 sieve, woven from brass wire 
No. 40 Stubs gage; silt until cement ceases to pass thiough. The percentage 
that has passed ilno -gh is deteimmed by weighing the residue on the sieve. 
The screen should be frequently examined to see that no wnos have been 
displaced. 

(2) Specific {gravity. The specific gravity test is of value in determining 
whether a Portland cement is unadulterated. The higher the burning, short ol 
vitiification, the bettei the cement and the higher thespeeifiegiavjty If under* 
burned, the specific gtavity of Pmtland cement may fail below 3; if overbtirned, 
it, may reach 3.5. Natural cement has a specific gravity oi about 2.5 to 2.8, and 
Puz/.olan about 2.7 to 2 8 

The temperature may vary between 60° and 80° F. Any approved form of 
volumenometer or specific gravity bottle may he used, giaduated to cubic centi* 
meters with decimal subdivisions. Fill the iiistiument to zeio of scale with 
benzine. Take 100 grams of sifted cement that has lieen pieviously dried by 
exposure on a metal plate foi 20 minutes to a dry heat of 212° F., and allow it to 
pass slowly into the benzine, taking care that the powder does not stick to the 
sub's of the graduated tube above the fluid, and Ihut the funnel, through which 
it is introduced, does not touch the fluid. The approximate specific giavity will 
he represented t»y 100 divided by the displacement in cubic centimeteis. The 
operation requires care. 

(2) Soundness, and (4) setting qualities. The temperature should 
not vary more t ban 10° Irom 62° F. For Poi timid cement use 20, for Natural 30, 
and forPuzzolan 18 per cent, of water by weight. Mix thoroughly for 5minutes. 
On glass plates make two cakes about 3 inches in diameter, \ inch thick at the 
middle and drawn to thin edges, and cover them with a damp cloth. At the end 
of the minimum time specified for initial set, apply needle -fa inch diameter, 
Weighted to V A pound. If an indentation is made, the cement passes the require¬ 
ment for initial setting. Otherwise the setting is too rapid. At the end of the 
maximum time specified for final set, apply the needle -fa inch diameter, loaded 
to one pound. If no indentation is made, the cement passes the requirement for 
final set. Otherwise the setting is too slow. 

Generally speaking, both periods of set are lengthened by increase of moisture, 
and shortened by increase or temperature. 


* By Portland cement, in this report, is meant, the product, obtained by 
calcining intimate mixtures, either natural or artificial, of argillaceous and 
calcareous substances, up to incipient fusion. By Natural cement is meant 
one made by calcining natural rock at a heat below incipient fusion, and grind¬ 
ing the product to powder. By Puzzolan is meant the product obtained by 
grmMog slag and slaked lime, without subsequent calcination. 
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In gaging Portland cement in damp weather, the samples should be thoroughly 
dried before adding water. This precaution is not deemed necessary with 
Natural cement. Sufficient uniformity of temperature will result if the testing 
room be comfortably warmed in winter, and if the specimens be kept out of the 
bud in a cool room in summer, and uuder a damp cloth until set. Temperatures 
may vary between 60° and 80° F., without affecting results more than tin 
probable error in the observation. 

Boiling test. Place the two cakes under a damp cloth for 24 hours. Place 
one of them, still attached to its plate, in water 28 days; immerse the other in 
water at about 70° F., and let it be m a rack above the bottom of the receptacle; 
heat the water gradually to the boiling point, uiaintatn'lhc heat for 6 bouts and 
then let cool. The boiled cake should not warp or become detached front the 
plate, or show expansion cracks. If the cold-water cake shows evidences only 
of swelling, the cement may he used in ordinary work in air or fresh water for 
lean mixtures, but if distortion or expansion cracks appear in it, the cement 
should be rejected. 

Accelerated tests are not generally recommended, but where a test must 
be made iu a short time, the boiling test is considered about the I tost. It not 
only gives shott-titue indications, but at once directs attention to the presence 
of ingredients which might lead to disintegration. On the otiier hand, it may 
lead to the rejection of a cement winch would behave satisfactorily in actual 
work and which would stand tlie test after air-slaking. Sulphate of lime, while 
enabling cements to pass t he boiling tests, introduces an element of danger. 

(5) Tensile tests are preferred to flexural or compressive tests. Sand 
tests are the more important and should always be made; and neat tests should 
be made if time permits. 

A cement which tests moderately high at 7 days, and shows a substantial 
increase in strength in 28 days, is more likely to reach the maximum strength 
slowly and retain it indefinitely with a low modulus of elasticity, than h cement 
which tests abnormally high at 7 days with little or no increase at 28 days. 

Use briquette** of the form recommended by the American Society of Civil 
Engineers,* measuring 1 inch square in cross-section at place of mpture, and 
held by close-fitting metal clips, without rubber or other yielding contacts. The 
tests should be made immediately after taking the briquettes from the water. 

Neat tensile tests. Use unsifted cements. For Portland cement, use 
20; for Natural, 30; and for Puzzolan, 18 percent, water by weight. Place the 
cement on asmooth non-absorbent slab; iu the middle makeacrater sufficient to 
hold the water; add nearly all the water at once, the remainder as needed ; mix 
thoroughly by turning with the trowel, and vigorously rub or work the cement 
for 5 minutes. 

Place the briquette mold on a glass or slate slab. Fill the mold with consecu¬ 
tive layers of cement, each to be % inch thick when rammed. Give each layer 
80 taps with a soft brass or copper rammer weighing 1 pound, having a face % 
inch diameter or 0.7 inch square, and falling about % inch. 

After filling the mold and ramming the last layer, strike smooth with a trowel, 
tap mold light ly on side, to free cement from plate, remove the plate, and leave 
for 24 hours, covered with a damp cloth. Then remove the briquette from the 
mold and immerse it in fresh water, which should be renewed either continu¬ 
ously or twice in each week during the specified time. 

Tensile testa with sand. For Portland and Puz/olan cements, use 1 
part cement to 8 parts sand ; for Natural or Roseudale, 1 to 1. Use crushed 
quartz sand, passing a No. 20 standard sieve, and being retained on a No. 30 
standard sieve. 

After weighing carefully, mix dry the cement and sand until the mixture is 
uniform, add the water as in neat mixtures, and mix for 5 minutes. The con¬ 
stituents should be well rubbed together. 

For maximum strength in tested briquettes, Portland cements require 
water = 11 to 12% per cent, by weight of constituent sand and cement; 
Natural, 15 to 17; and Puzzolan, 9 to 10. 

A machine which applies the stre*iN automatically and at a uniform rata 


•See page 1236. 
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of increase is preferable to one controlled entirely by hand. The stresa 
should be increased at the rale ot about 400 lbs. per minute. A rate materially 
greater or less than this will give different results. 

The highest tensile strength from each set of briquettes made at any one time 
is to be considered the governing test. 

Field tests are recommended, whether or not the more elaborate tests 
above desci ibed have been made, in connection with tests of weight and fine- * 
ness, and observations of texture and. hardness in the work, field tests often 
suffice for well-known brands, showing whether the cement is genuine and 
whether it is reasonably sound and active. Pats and balls of neat, cement from 
the storehouse, and of mortar from the mixing platform or machine, should bei 
frequently made. Estimate roughly the setting and hardening qualities by 
pressure of the thumb-nail; hardness of set and strength by breaking with the 
hand and by dioppmg upon a hard surface. The boiling test may also be used. 
Should the simple tests give unsatisfactory or suspicious results, then afull series 
of tests should lie carefully made. 

A cement may l>e rejected if it fails to meet any of the following requirements. 


Requirements. 

Portland. Natural. Puzzolan. 
Slow. Quick. 


Fineness. Percentage, to pass through a No. 

inn sieve as III (1). 

Specific gravity. Bet ween. 

and . 

Time of setting. Initial, not less than. 

nor more than. 

Final, not less than. 

nor more than . 

Tensile strength, neat, 

-7 f 7 davsf. 

lbs. per sq. in. I 28 .bust. 

Tensile strength. With Band, as in (5). 
H . ] 7 days f.... 

lbs. per sq.m. 128 days t 


87 to 92* 

80 

97 

, 3.10 

310 

Not 

2.7 

, 25 

3.25 

given 

2.8 

45 in. 

20 m. 

20 in. 

45 in. 


30 m. 







.10 h. 

2.5 h. 

4 h. 

lJh. 

. 450 

400 

90 

350 

. 540 

480 

200 

500 

. 140 

120 

60 

140 

. 220 

180 

150 

220 


*02 per cent, is quite commonly attained by high-grade American Portlands, 
but rarely by imported brands. For the latter, use 87. 
f Reject any cement not showing an increase at 28 days over 7 days. 
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DIGESTS OF SPECIFICATIONS. 
Requirement*. 

American Society for Tenting Material*. 


Digest of Specification adopted by the Society, Nov 14, 1904. 
See Amendments of 1908 * 

Adopted by Atom of Am Portland Cement Mfr*, June 10, 
1904,* and by Am Ry Eng A Maipt of Way A**n, Mar 21, 1905.* 

1. Package*. Brand and mfr’s name plainly marked thereon. Bag 
to contain 94 lbs net. Bbl Portland = 4 brigs; nat, II bags. 

2. Test* in accordance with recommendations of Comm of A S C E, p 
1234. “Cem, failing to meet the 7-day requirements, may be held awaiting 
the results of the 28-day tests before rejection.” 

3. Qualities. Natural Portland 


Sp gr, cem thoroly dried at 100° C.* 

Loss of wt, on ignition. 

Fineness. Percentage, by wt. 

Residue on No. 100 sieve 
“ on No. 200 sieve 

Time of setting, mins, initial. 

“ hard. 


min 2.8* 


.max 10 
max 30 
.nun 10 
min 30 
max 180 


min 3.1 
... * 

max 8 
max 25 
min 30 
nun 00 
max 600 


Tensile strgth, 

Min requirements,* lbs per sq inch; briquettes t inch square section. 
Briquettes must show no retrogression in strgth during specified 


periods. 

1 day in moist air in all cases. 

Neat 

24 hours. 

7 days. 

28 days. 

1 part cem, 3 parts standard sand. 

7 days. 

28 days. . 

Soundness (constancy of volume) 

(For normal and accelerated tests, see 
digest of A S C E Specfns, p 945).. 


Anhydrous sulfuric acid 
Magnesia. 


Natural 
. 50 to 100 
. 100 to 200 
200 to 300 

. 25 to 75 
. 75 to 150 


.to stand 
normal test 


Portland 
150 to 200 
450 to 550 
550 to 650 

150 to 200 
200 to 300 


to stand 
normal and 
accelerated 
tests. 

max 1.75% 
max 4 00% 


Engineering Standard* Committee of Great Britain, 

Adopted Nov. 23,1904. ^ 

1. Consignment* of from 100 to 250 tons to have expert testing and 
chemical analysis. For consignments of less than 100 tons, makers shall, if 
required, give certificate, for each delivery, that cem meets this spec’n. 

2. Sample*. Test samples to be taken as soon as bulked at factory 
or on the work, at consumer’s option. Samples to be taken from each 
"parcel,” each sample consisting of cem from at least 12 diff positions in 
same "heap,” mixed together and spread out, 3 ins deep, for 24 hours, at a 
temp between 58° and 64° F. 

♦ Amendment* adopted by Am Soc for Testing Materials, Sep 1908' 

Strength. The means of the values given shall be taken as the 
required minima where these are not specified. 

Natural Cement. Omit specification for specific gravity. 

Portland Cement. Specific gravity. For "thoroly dried at 100° C, 
read ‘‘ignited at a low red heat.” 

Loss of weight, on ignition, > 4 %. 
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Requirements. Engineering Standards Committee ol 


Great 

Britain. Continued. 


3„ FinoncNH. 



Meshes 

Wire 

Residue not 


per lin inch per sq inch 

diam, ins 

to exceed 

76 5,776 

0 0044 

5.0% 

180 32,400 

0.0018 

22.5 % 

Wire “woven, not twilled. 

4. Tensile strength. 

Test room temperat ure, 58° 

to 64° F. 



Water, fresh, renewed every 7 days. Temp 58° to 61° F. 

Taste, smooth, easily worked, that will leave the trowel cleanly in a com¬ 
pact mass. 

Briquette, filled, not rammed, into mold resting upon an iron plate, and 
left until oem has set. Briquette kept in damp atmosphere 24 hours; then 
in water until broken. Clips. See Fig. 1. 



r -= 0.40 inch: 
li - 0.00 “ 

U' = 1.00 “ 

= thickness; 
IT ■=• 1 75 inch; 
h - 2.00 " 

U - 3.00 “ 


Fig 1. 



0-J 



Plan 



Briquet and Clips. British Standard. 


Load, start at zero. Add 100 lbs each 12 seconds. 

Neat test. 6 briquettes at 7 days, and 6 at 28 days. Av of the six ac¬ 
cepted as the tensile strgth of the cement. 7 days, < 400 lbs per sq. inch; 
2S days, < 500. 

When 7 dav lest is betw 28 days. 

must be not lesH than 

400 and 450 lbs per sq. iti.25 per cent. 

450 and 500 *.*. 20 

500 and 550 “ " “ “.15 

550 and over " " “ “ .10 ‘ “ 

Test with sand. By wt, 1 oem, 3 standard sand from Leighton Buzzard, 
thoroly washed and dried. Sand must pass No. 20 sieve of 0.0164 inch 
Wlre . and remain on No. 30 sieve of 0.0108 inch wire. Mixture thoroly 
Netted, but without superfluous water. 7 days, 120 lbs per sq inch; 28 
225* Increase, from 7 to 28 days, not less than 20 %. 
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Requirement*. Engineering Ntnudarda Committee of 
Great Britain. Continued. 


K UoHinir 1IIUC, 1U1UB 

**• whihj. maximum minimum 

Quick. 30 10 

Medium.120 30 

Slow.300 120 


“Set” has occurred when needle, loaded with 2*^ lbs, with flat end Me 
inch square, fails to make an impression. 

6. KonndneNN. LeChatelier test. Expansion not to exceed 12 mm 
after 24 houis aeration; 6 mm after 7 days. 

7. Npeciflc gravity. Not less than 3.15, when sampler! and hermeti¬ 
cally Bealed at makers’. Not less than 3.10, when sampled after delivery to 
consumer. 

8. Analysis. 

Water, > 2 %, whether added or naturallv absorbed from the air. 

Calcium sulfate, > 2 % of wt of cem, calculated as anhydrous calcium 
sulfate. 

Lime, > enough to saturate the silica and alumina. 

Insoluble residue, >1.5 %. Magnesia, > 3 %. Nulfnrie an¬ 
hydride, > 2.5 % 


Tests. 

American Society of Civil Engineers. 

Digest of report of Committee on Uniform Tests of Cement,* Jan ’03. as 
amended Jan ’04 and Jan '08. 

1. Selection of samples left to discretion of engineer. Number of 
samples and quantity to be taken from each package depend upon impor¬ 
tance of work, upon number of tests to be made and upon facilities for 
making them. Where conditions permit, sample one bbl in ten. Individual 
samples may be mixed, and av tested: but, where time permits, test sepa¬ 
rately. 

2. Barreled cement to be sampled through a hole made in the center 
of a stave, midway between the heads, or in the head. Bagged cement to 
be sampled from surface to center. 

3. Samples to be coarsely screened thru a No. 20 sieve. 

4. Chemical analysis may show adulteration in the case of cems 
rich in inert material, but is not conclusive evidence of quality. Committee 
recommends method proposed by Committee on Uniformity &c , New York 
Section of the Society for Chemical lndustiy, see E N, '03, Jul 1G, p 60; 
ER, '03, Jul 11, p 49. 

5. Specific gravity test. Le Chatelier’s method recommended. Fig l. 

Flask, D, 120 cubic centimeters (cc); neck about 9 mm diam and 20 cm 

long, with bulb, C; vol, betw marks, F and E, 20 cc. Neck graduated, to 0.1 
cc, above F. Necl^of funnel, B, enters neck of flask, and extends to top of 
bulb, C. Use benzine (62° Baum6 naphtha) or kerosene free from water. 
During the operation, in order to avoid variations in the temperature of 
this liquid, the flask is kept immersed in water, in a jar. Two methods, viz - . 

(a) Flask filled to lower mark. E. Weigh out 64 grams (2.25 oz) of the 
cem powder, cooled to temp of liquid. Thru the funnel, B, introduce the 
cem powder gradually until surf of liquid reaches the upper mark, F. Then 
64 grams, minus wt of powder remaining unused, « wt, w, which has dis¬ 
placed 20 cc and 

Specific gravity =» w / 20. 

(b) Fill, with liquid, to lower mark, E, as before. Add the entire 64 
grama cem powder, liquid rising to some division of the graduated neck. 


*Gfo. S Webster, Richard L. Humphrey, Geo. F. Swain. Alfred Noble. 
Louis C. Sabin, Spenoer B, Newberry, Clifford Richardson, F. H. Lewis, 
W. B. W. Howe. A S C E, Proceedings, Jan ’03. Feb 'fM v»b 08. 
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The reading of this division, plus 20 cc, is the vol, v, displaced by 64 grams 
of the powder; and 

Specific gravity = 64 /v. 

6. Fineness. Sieves should be circular about 20 cm (7.87 ins) diam, 
6 cm (2.36 ins) high, with pan 5 cm (1.97 ins) deep, and a cover. 

Sieves should be of wire cloth, 

No. 100, 96 to 100 meshes per lineal inch; wire 0.0045 inch diam. 

No. 200, 188 to 200 . 0.0024 “ 

Use 50 grams (1.76 oz) or 100 grams, cem; dried at 100° C (212° F). 
Hand sieving preferred. Use No. 200 sieve until one minute continuous 
sieving, at about 200 strokes per minute, passes not more than 0.1 %. Weigh 
residue, and treat it similarly on No. 100 sieve. A small quantity of large 
steel shot, placed in the sieve, expedites the work. The results should be 
reported to the nearest 0.1 %. 



7. Normal consistency. The percentage of water, used in making 
the pastes, for tests of strgtn, soundness and setting, vitally affects the 
results. Normal consistency is determined as follows: 

The quantity of cem. to be subsequently used for each batch in making 
the briquettes, but not less than 500 grams, is kneaded into a paste as under 
| Mixing,” 1 12 quickly formed into a ball, with the hands, and tossed 
six times from hand to hand, held 6 ins apart. The ball is then pressed thru 
the larger opening of the Vicat needle apparatus into the gum ring, /, 7 cm 
(2.76 ins) diam, 4 cm (1.57 ins) deep, smoothed off below, and placed on the 
glass plate, J. Its upper surf is then smoothed off with a trowel. The point 
of the yicat needle, U, is then brought into contact with the upper surf of the 
sample, and the cyl, L, is allowed to descend. The paste is of the normal con¬ 
sistency when the needle penetrates to a depth of 1 om (0.39 in). With this 
rather wet paste, the committee believes that variations, in the amount of 
compression to which the briquette is subjected in molding, are likely to be 
less than with a drier paste. 

H. Setting. Vicat needle, H, Fig 2, 1 mm (0.039 in) diam, loaded to 300 
grams (10.58 oz). Setting has begun when needle ceases to pass a point 5 
tnm (0.20 in) above the upper surface of the glass plate; and has terminated 
"hen the needle does not visibly penetrate the mass. TeBt pieces kept damp, 
during test, by storage in a moist box or closet, or placed on a rack over water 
in a pan and covered by a damp cloth, the cloth resting upon a wire screen, so 
as not to touch the test pieces. Keep needle clean; as cem, adhering, seriously 

83 
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vitiates results. Time of setting is materially affected by temp of mixing 
water, by temp and humidity of air, by the percentage of water used, and by 
the amount of molding paste receives. 

9. Standard sand. Crushed quartz objectionable, “especially on ac¬ 
count of its high percentage of voids, the difficulty of compacting in the 
molds, and its lack of uniformity.” Comm recommends natural sand from 
Ottawa, Ill. Sand to pass a No. 20 sieve, with wire diam — half the diam of 
spaces betw wires; < 99% to be retained on a similar No. 30 sieve after 1 
minute of continuous sifting of a 500 gram sample. The Sandusky Portland 
Cement Co., Sandusky, ().. lias agreed to furnish such a sand at actual cost 
of preparation. 

10. Standard briquette. See Fig. 3. Am Soc Civ Engrs. Dotted 
lines are those recommended by earlier Comm. Trans, Vol 14, Nov. 1885. 



W' - 1.25 ins. 
c - 0.25 " 
= contact 
with 
briquet 


Fijr 4. 

Gang Mold. 



11. Molds, “ofbrass,bronze or some equally non-corrodible material;” 
Sides strong enough to resist spreading. Gang mold, Fig 4, recommended, 
because the greater quantity of mortar, required for it, conduces to uniform¬ 
ity of results. Molds to be “wiped with an oily cloth before using.” 

12. Mixing. Proportions stated by wt; quantity of water stated as 
percentage of dry material. 

Metric system recommended. 

Temp of room and mixing water as near 21° C (70° F) as practicable. 

Sana and cem thoroly mixed dry. Mixing done on some non-absorbing 
Burf, preferably plate glass. If an absorbing surf is used, it should first be 
thoroly dampened. 

Quantity of material, mixed at one time, depends on number of test 
pieces to be made; about 1000 grams (35.28 oz.) convenient to mix, espe¬ 
cially by hand methods. _ 

Hand mixing and hand molding recommended. Material weighed, and 
placed on mixing table, and a crater formed in the center, into which the 
proper percentage of clean water is poured; material on outer edge turned 
into crater bv aid of a trowel. As soon as the water is absorbed, the opera¬ 
tion is completed by vigorously kneading with the hands for an additional 
1 minutes. A sand-glass affords a convenient guide for the time of knead¬ 
ing. The hands should be protected by gloves, preferably of rubber. 

Molds filled immediately after the mixing is completed, material pressed 
in firmly with the fingers and smoothed off with a trowel, without mechani¬ 
cal ramming; material heaped up on the upper surface of the mold. 
smoothing off, the trowel should be drawn over the mold, exerting a mod¬ 
erate pressure on the excess material. Mold turned over and operation 
repeated- 
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Weigh the huquettes “ 111 st prior to unmerHion, or upon removal from the 
moist closet,” and reject those varying > 3 % finm the av. 

13. Molst < iosct. ‘ ‘ A moist closet consists of a soapstone or slate box, 
or a metal-lined wooden box—the metal lining being covered with felt and 
this felt Kent wet. The bottom of the box is so constructed as to hold water, 
and the sides are provided with cleats for holding glass shelves on which to 
place the briquettes. Caie should be taken to keep the air in the closet 
uniloimlv moist.” 

“VVheie a moist closet is not available, a cloth may be used and kept 
uniformly wet bv immersing the ends in water. The cloth should be kept 
from ilneet contact with the test pieces by means of a wire scicen or some 
similar arrangement.” 

1 1. Immersion. “After 24 hours in moist air the test pieces for longer 
periods of time should be immersed in water maintained as near 21° C 
1 70 J F) as practicable, they may lie stored in tanks or pans, which should be 
of non-corrodible material ” 

1,1. Tensile strength. Solid metal clip, Fig 5, recommended. No 
cushioning between clip and briquette. Briquettes broken immediately 
aftei temoval from water. Center the briquette carefully in the clip, to 
avoid tiansverse stresses. Load applied at rate of 000 lbs per mm. “The 
average of the briquettes, of each sample tesfed, should be taken as the test” 
of 1 1ml sample, ‘‘excluding any results which are manifestly faulty.” 

10. SoiintlueNs (Constancy of Volume). “In the present state 
of our knowledge it. cannot be said that cement should necessarily he con¬ 
demned simply foi failure to pass the acce'erated tests (below), nor can a 
eern lie considered entirely satisfactory, simply because it. has passed these 
tests.” . 

Pats of cem paste of normal consistcy (t 7). abt 7.5 cm (2.05 mO diara, 
1.25 cm (0.40 in) thick at center, tapering to thin edge, made on a clean glass 
plate about 10 cm (3.04 ins) square, 24 hours in moist air before test. 

(I) Normal test. One pat imifteraed m water maintained as near 21° C 
(70° F) as possible; one in air at ordinary temp. Both observed at intervals 
foi 28 days. 

(J) Accelerated test. A put is exposed in any convenient way in aD 

atmosphere of steam, above boding water, m a loosely closed vessel, for 5 
hours. . 

Pats must remain firm and hard, and show no signs of cracking, distortion 
or disintegration. Warping may be conveniently detected by applying a 
etiaight edge to the surf which was iu contact with the plate. 
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Sand.* 

Composition. 

1. The sand,* used in mortar, is ordinarily made up chiefly of grains of 
quartz (silica), with some impurities, mostly grains of silicious minerals. 
Iii testing cements, in the laboratory, crushed quartz or some standard 
natural sand is used. (See Spec’ns A8CK, under Cement, p. 1234.) 

2. The silica of the quartz, in sand, undergoes no chemical change 
in the mortar; but the U3e of sand, by diminishing the quantity of eem reqd, 
reduces also the cost of the finished work. See remarks on strength, under 
Mortar, p 1248. 

SIZES OF «RAim 

3. Screening. Sand and gravel are screened, usually in an inclined 
fixed screen, upon which the material is placed by a conveyor, or shoveled 
by hand; or in an inclined revolving cylindrical or hexagonal screen, into 
which the material is fed. 

4. Method of quartering. “To obtain an average sample from 
a pile of sand, gravel or stone, the method of quartering is useful. Shovel¬ 
fuls of the material are taken from various parts of the pile, mixed together 
and spread in a circle. The circle is quartered, as one would quarter a pie, 
one of the quarters is shoveled away from the rest, thoroughly mixed, 
spread, and quartered as before. The operation is repeated until the quan¬ 
tity iB reduced to that required for the sample.” (T & T, p. 281.) 

Mechanical Analysis. 

5. The mechanical or granulometric analysis of sands, 

etc., is the determination, in any given sand or broken stone, of the propor¬ 
tions of grains of diff sizes. It is usually performed by means of sieves or 
screens. See U 3. Sometimes, for broken stone, &c., by hand-picking. 

6. Fig. 1 shows mechanical analyses of a gravel and a sand by Mr. Allen 
Hazen (Mass. State Board of Health, Report 1892, pp. 546-7). In order 
to represent both analyses on a single diagram, we have used diff scales for 
diams for the two materials. 

7. In Fig. 1, the diagrams show, for the two materials there represented, 
that 

of the sand, 10 % was in grains under, and 90 % over, 0.055 mm diam 
“ “ gravel, 10 %.90 % “ 34.5 “ ** 



♦By “sand” or “gravel” we mean a mixture of mineral par¬ 
ticles with air, or water, or both: i. e., an aggregation of mineral particles, 
with voids betw them said voids being filled with air, or with water, or 
with air and water, as the case may be. 

Hence, the “volume' 5 of a given quantity of sand or of gravel is the space 
occupied by both the Bolid particles and the air or water or both, filling the 
voids. 

“Dry sand," or “dry gravel," means: not solid mineral, but a mixture of 
dry particles of sand (or gravel) and dry air. 

The solid mineral portion of such sand or gravel, we designate as “solid. 
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Effective Size. 

8. The effective si*e (“e. s.") of a sand or gravel, as defined by Mr. 
Flazen (Mass State Board of Health, Report 1892, p 341; Hazen, Filtration, 
pp 21,240) is that size, than which 10 %, by wt, o? the grains are smaller, and 
90% larger. Or, the length of the ordinate, at 10 % passing, gives the 
effective size. Thus, in the cases just mentioned, Fig 1, we have: 

for the sand, e. s. «* 0.055 mm; for the gravel, e. s. = 34.5 mm. 

Uniformity Coefficient. 

!>. Uniformity coefficient. Similarly, let m — that diam of grain, 
than which 60 %, by wt, is smaller, while 40 % is larger. In Fig 1, we nave 
for the sand, m — 0.46 millimeters; 

“ “ gravel, in -= 51.00 

The uniformity coefficient (“ u. c. "), is m/e. s.; and we have: 

for the sand, u. c. 0.46/ 0.055 — 8.4; 

“ “ gravel, u. c. = 51.00/34.5 =* 1.48. 

10. With m «= e. s., the nnif coeff, u. c., would have its least possible 
value, — 1. In general the less nearly uniform a sand is, as to size, the 
hqhrr is its “uniformity coeff." 

11. In ordinary bank sand, the effective size, e. s., does not vary widely 
Hence the uniformity coefficient, u. c. = m/e. s., varies roughly with that 
diam, m, than which 60 % of the grains are smaller, and thus serves as an 
indication of the coarseness, as well as of the departure from 
uniformity, of the sand. (T & T, p. 182.) 


Feret’s Method. 


12. Mr. R. Feret (Annales des Ponts etChauss6es, 1892, second semes- 
tre.) made elaborate experiments as to the effects of fineness of sand, and 
the mixture of different finenesses, upon the density, etc., of sand and upon 
(/efferent qualities of the mortar. He divided his sands into three 
finenesses, ns follows. 


Coarse, c, passing 5.0 mm diam =* 4 meshes / sq cm 

Medium, m, “ 2.0 " “ = 36 “ / ** “ 

Fine, /, " 0.5 “ M - 324 “ / “ 


5 meshes / lin in 

w •/ ;; 

46 “ / “ 


“Coarse" grains are retained on 2.0 mm diameter; “medium" on 0.5 mm. 



18 . The results, obtained in a certain case, with diff mixtures of these 
three grades of fineness, are shown in Fig 2, which is similar to diagrams 
used in connection with alloys of three metals. 





Void*, percentage of total volume 
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14. After a given mixture has been analyzed, and its percentages of the 
three grades thus determined, it is plotted, in the triangle, by a point so 

f )laced that its perp dists, from the three sides, respectively, of the equi- 
ateral triangle, are as follows: 

distance from aide c *= percentage of coarse grains; 

“ “ “ m *= “ “ medium “ 

“ “ “ / =» “ " fine “ 

15 . The plotting of the points, and the measurements of their dists, are 
facilitated by the lines drawn parallel to the three sides respectively. 

16. Thus, point a represents a sand having 20 % fine grains, 30 % medium 
and 50 % coarse, as shown by the three scales; 20, 30 and 50 being the dists 
of o from sides /, m and c, respectively. * 

17. When a series of experiments has been made, upon any given quality 
(as density or porosity, etc, etc) of sand or mortar, as affected by cliffs in 
mixtures of the three finenesses, they are plotted in this way, and '‘contour" 
or “ iso ”-lineN are drawn thru those points which represent equal results 
in the quality experimented upon. Each “iso’’-line therefore represents a 
series of diff mixtures, each of which will give the value (as to density or 
porosity, etc, etc) represented by it. 

18. Thus, in Fig 3 (T & T, p 144, Fig 51) the four contours and the point 
(0.610) represent five diff mixtures of coarse, fine and medium sands, said 
mixtures having densities (see 11 20) of 0.525, 0.550, 0.575, 0.600, 0.610, 
respectively. 

Density. 

19. Specific gravity or nnit weight. Solid quartz weighs about 
165 lbs per cu ft = 2.643 grams per cu cm; sp gr = 2.64 to 2.67. 

20. In mechanics (see p. 338, Art. 14 a) density is defined as the 
mass in unit volume. In sand,* the solid portions have practically constant 
up gr. Hence,for a given sand, “density” is used to designate, the vol of 
solid in unit vol of sand, or the ratio of solid to total vol. This ratio is 
sometimes called the “absolute volume.” Thus, in unit vol of sand, 
“density” =1 —• vol of voids. 

21. The greater the density of sand,* the less cement will be reqd for a 
given quantity of mortar. 

22. The weight, per cubic foot, of a sand,* of given sp gr. 
varies directly with its density; and this, in turn depends upon the shape 
of the grains, upon their range of size, upon the compacting accomplished, 
as by shaking, tamping, etc, and upon the dryness of the sand. 



* See foot note*, p 1238. 
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23. Fig 4 shows the relation betw (1) the nnit weight and (2) the 
percentages of solid and of voids, solid quartz weighing as in *1119. 


Effect of Moisture. 


24. The effect of moisture, upon the vol of a given quantity of 
sand,* is affected by the vol of air introduced, by the quantity of water, and 
by the shape of the grains. 

See U1I 29 to 31. 

25. It is impracticable to measure the vol of air introduced, and its 
presence vitiates all observations. When sand graius are dropped, one at a 
time, into water, most of the air, surrounding the grains, is left behind in 
the atmosphere; but when sand* is thrown into water in masses, or when 
moist or wet sand is turned over by shoveling, considerable and unknown 
quantities of air are entrained with it. 

26. In moist sand,* the total (or "absolute") vol of voids is usually 
fdled partly by water and partly by air. 

27. Within a certain limit, moisture increases the adhesion betw the 
grains of Hand, and thus opposes their sliding, one upon the other, conse¬ 
quently opposing the compacting of the sand; but, beyond that limit, it 
acts as a lubricant and facilitates the compacting. See Hi 24, 25. 

28. Let 


V =■ volume, in cu ft, of dry quartz in 1 cu ft of sand;* 


v — “ “ “ 41 44 voids 1 44 ; V + v = 1 cu ft; 

W = wt, in lbs, of 1 cu ft of pure solid quartz =* 165; 
w =*= “ “ 44 44 1 41 44 44 the sand (dry or moist, as the case may be); 

d = 44 44 44 4 4 dry quartz in 1 cu ft of the sand; (in dry sand, d =* to). 

P — 44 44 44 44 water added to 1 lb of dry sand;* 

- . in (1 + P) lbs of moist sand; 

P » *. “ 44 4 4 1 lb 44 44 44 ; 

m = 44 44 . 4 44 1 cu ft 4 4 44 

Then p/P = 1/(1 + P); and p - P‘/( 1 + P); 
m — w p; d = w — w p =■ w (1 — p); 

V ~ (v> — w p)/W = d/165; w-1 — V-l — d/165; 


w 


1 — p 


v_ 
— v 


29. The proportion, p, of moisture (lbs of water in 1 lb of moist 

sand), is ascertained by heating a known wt of the moist sand, at not less 
than 100° C (212° F), until no further loss of wt takes place, and noting the j 
loss of wt. Then: 

p = loss of weight original weight of portion heated. 

In dry sand (Fig 4) p = 0, w p - 0, w « d; and we have: 


V - w/W - w/165 - d/165. 


F.ffectH of Shape and Size. 

30. Spherical grain*. If a number of spheres, of uniform diam, 
D, be piled as closely as possible, the ratio of vol of solid to total vol is 

= about 0.74; and the voids (about 0 26 X the total vol) are ohtwo 
o 

sizes, such that thev can be fitted, respectively, with spheres having diaras 
= about 0.41 D and 0.22 D. (T <& T, pp 169-170.) 

31. Effect of gradation of wizc*. The proportion of voids may 
be indefinitely reduced by adding to, and mixing with, the original grains, 
smaller and smaller, or larger and larger, particles, m prope.'- proportions, 
each size occupying a portion of the voids left between the particles of the 
size next coarser. With spherical particles, therefore, the voids are greatest, 
and the wt per unit vol least, when the grains are of uniform size. This 
seems to hold true also for particles of other shapes. 


* See foot-note*, p 1238. 

C 4 


44 
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Other Properties. 

32. Tnrbidlty test for silt in sand. Separate the silt from a 
considerable quantity of sand, and make up a special sample containing the 
max proportion of silt allowed by the spec'n. Place a small known portion 
of tins mixture in a known quantity of clear water in a graduated vessel. 
Shake the vessel until the sample is thoroly washed. Insert a pin horizon¬ 
tally in the side of a stick near its end, insert that end of the stick into the 
vessel, lowering it until the pin us no longer visible thru the liquid, and note 
the depth of the pin by means of the graduation. Make several such tests 
and note the average depth of disappearance of pin. In testing samples, 
if the pm disappears at a higher elevation than the standard, the sand has 
more silt than the maximum allowable, and vice versa.* (W. J. Douglas, 
EN, ’06/Dec/20, p 648.) 

33. The presence or clay and loam, in sand, may be de* 
tected by rubbing the damp sand in the hand, and observing the condition 
of the hand, or by mixing the sand with clean water and noting the effect 
upon the water. 

34. Washing. Dirty sand may be washed in a specially constructed 
sand washer; or, by means of a jet from a hose, in a box so arranged that 
the mud, clay and organic impurities are floated off, leaving the heavier 
sand behind. 

35. Washing may carry off the finer particles of a well assorted sand, 
leaving it less dense than before. It is well to test a small quantity of tne 
sand, washed and unwashed, before arranging to wash for use. (Jas. C. 
Hain, ER, ’05/Jan/28, p 105.) 

36. The degree of sharpness of a sand may be estimated by 

means of the sound emitted by it when kneaded betw the hands or more 
closely estimated by means of a magnifying glass. 
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Constituent*. 

1. Cement mortar consists of cem, mixt with water, with or without 
some inert granular material, as sand, fine gravel, stone or gravel screenings, 
or ground cinder. Without sand, etc., the mixture is called neat mortar, 
or cement puste. 


Amount of Mortar Required for a Cubic Yard of Masonry.f 


Description of Masonry. 


Mortar. 
Cu yd. 
Min. Max. 


Ashlar, 18* courses and M* joints, 
" 12 " . 


Brickwork (bricks of standard size, 8)iX 4 X 2H ins.): 

W joints. 

H" to M joints... 

%” to points. 

Rubble, of small, rough stones. 

“ “ large stones, rough hammer-dressed .. 

Squared-stone masonry, 18* courses and %" joints. 

“ “ 12 * .. 


0.03 

0.06 


. 0.10 
. 0.25 
. 0.35 
. 0.33 
. 0.20 
.0.12 
. 0.20 


0.04 

0.08 

0.15 

0.35 

0.40 

0.40 

0.30 

0.15 


2 . Effect of roasting and of subsequent wetting. The 

materials, of which cem is made, are inert or stable compounds, remaining 
practically unchanged under ordinary conditions; but when, in burning, 
the calcareous materials are subjected to high temps, either alone or mixed 
with argillaceous materials, relatively unstable compounds are formed, 
ready to enter into new and again stable compounds when their particles 
are brought into intimate contact by being mixed with water, the water also 
entering into the new combinations. The mixture then soon “sets” (loses 
plasticity), and, shortly thereafter, begins to solidify and harden. 

See Tl 8, Cement, p 1223. 

3. In the process of crystallization, the alumina appears to act chiefly as 
a flux, promoting the formation of the lime silicate, upon which the success 
of the operation depends. Iron oxide, which is generally present, seems to 
answer as well as alumina, as a flux, and it requires a less high temp for 
calcination. 

4. The proportion of Hand, which should be used in any given case, 
cannot be properly stated without stating also its range of size, or the 
proportion of voids to the whole mass; but, in general, good Portland cems 
will “carry” from 2 to 3 vols of sand; nat cems from 1.5 to 2 vols. 

5. Approximate quantities of Portland cement and loose 
sand per cu yd of mortar. 


bbls cem. 

cu yds loose sand, 


Neat 

1:1 

1:2 

1:3 

1:4 

1:5 

1:6 

. 8.0 

4.6 

3.1 

2.3 

1.8 

1.5 

1.3 

. 0 

0.65 

0.87 

0.97 

1.02 

1.06 

1.10 


Cement in Mortar. 


See also CEMENT, p 1222. 

6. Owing to the cheapness with which cements are now manufactured, 
and the superiority of the mortars made from them, the latter have to a 
great extent snperseded lime mortars, even in ordinary building 
operations. 

7. In selecting cem, a reputation, gained by years of successful use 
and experiment, is of greater value than the results of a few tests; but such 
tests are of value for excluding inferior parcels of such accepted brands. 

H. High grade cements are usually economical, even at a 
higher cost, as they allow the use of a larger proportion of the cheaper in¬ 
gredients, sand, gravel and broken stone. 


*As the strgth, permeability, etc, of a oonc depend largely upon those of 
its mortar, we discuss, under “mortar," many of its properties commonly 
discussed under “concrete” .. „ . . 

■f Taken, by permission, from A Treatise on Masonry Construction," by 
Prof. Ira O, Baker. New York, John Wiley & Sons. 9th edition, 1907. 
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ft. Free Lime. Cem may contain “free” (uncombined) lime as a 
result (1) of insufficient manipulation of the raw materials. (2) of insufficient 
burning, (3) of an excess of lime carbonate (0aCO 3 ) m the raw materials, or 
(4) of adulteration after burning and grinding. 

10. This lime may be present either as quick lime, CaO, or as slacked 
Utne Ca(UHi a , either of which may be washed out (the CaO first becoming 
Ca(Ull) i ») by inhitrating water. This, of course, weakens the cem. 

11. Slacked lime takes no part in the hardening process, but. remains 
os an inett filling material. 

12. Quick lime slacks by absorption of the water used m mixing; 
and, when the burning has been at a high temp, the slacking is delayed, if 
it takes place timing the setting of the cem, the swelling <»1 the lime weakens 
the cem by rendeiing it porous. If slacking is delayed until alter haiden- 
ing, anti if the expansive force is sufficient, the cem is disintegrated. 

13. Gxcm of time letards setting, and reduces soundness. 

14. Free Magnesia. Much uncertainty exists as to the effect of free 
magnesia, m cliff proportions, m cem. Like lune, it expands when wet, but 
much moie slowly; and its presence may thereiorc remain unsuspected until 
too late. Dolomite, or magnesian limestone, contains about 45 % of 
magnesia. Formeily, 1 5 % of free magnesia, in cem, was considered dan- 
geious. It is now generally believed that more than ftom 3 to 5 l '/„ weakens 
the cem, ami that 8 % or more causes crackiug. In any propoition, it is 
probably objectionable, at least as displacing an equal quantity of the more 
valuable lime. 


Hand * in Mortar. 

See also SANI), pp 1238, &c. 

15. The quality of the concrete depends upon the strength of the mortar, 
and this, in turn, depends largely upon the character of the sand 

16. For a given proportion by wt, the best sand is that which produces the 
smallest vol of plastic mortar. 

17. Weight. As betw two sands, of a given material, the heavier of 
course has tne smaller vol of voids. 

18. Fineness. A fine sand, well assorted as to sizes of grain, and 
therefore dense, may make better mortar than a coarser sand, with grams 
of more nearly uniform size and therefore less dense. 

lft. Extreme fineness prevents penetration of the paste betw the 
grains, and delays setting. 

20. Mortars made with fine sand, altho less permeable than those made 
with coarse sand, are apt to be more easily acted upon by sea water. 

21. Shrinkage. Mortars, with coarse sand, shrink less than those 
with fine sand. 

22. Sharpness. It has been customary to insist upon sharpness of 
grain, in sand used forjportar, probably owing to the impression that sharp 
grains form a better b«fnd with the cera or that sharpness indicates freedom 
from impurities; but the advantage is doubtful. Sands with rounded 
grains are commonly used, and with entirely satisfactory results; and the 
laboratory tests generally indicate that sharp-grained sands have no marked 
superiority Roundness of grain facilitates the packing, and thus increases 
the density of the sand. 

23. The Board of Public Works of Porto Rico, with briquettes of 1 : 2 
mortar, found 25 % greater strgth with washed than with unwashed 
sand. Sand, containing much foreign matter, Bhould be tested before being 
accepted. 

24. In general, the evidence, aa to the relative values of sand 
and of screening's, appears to be favorable to the use of screenings (see 
Experiments), but opinion is divided. The hydraulicity of the dust, 
in the screenings, may add to the strength of the mortar. 

25. Harry Taylor, Capt, Corps of Engrs, USA, tested 1650 briquetteJ 
of 1 : 3, 1:4 and 1:5 mortars, at 1, 3, 6 and 12 mos, with standard crushed 
quarts, Plum Island sand and crusher dust. Crusher dust gave briquets 


♦See foot-note, SAND, II 1, p 1238. 
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2.3 times stronger than sand, and 72 % stronger than quartz. 1 : 5, with 
stone dust, stronger than 1 : 3 quartz. 

26. G. J. Griesenauer, EN, '03/Apr/16, p 342. Chicago, Mil & St P RR, 
225 tests, a a follows: 

Limestone screenings, 1 : 3, passing No 12, held on No 40 sieve, 
averaged 74 % better than Hammond pit sand, 1 : 3; with all sizes used, 
they averaged 115 % better. Mortar of 1 : 6 screenings was 23 % stronger 
than 1 : 3 sand. Gravel screenings were not much better than sand. 

27. Maryland highways. Briquettes, made with stone screenings* 
were 34 to 62 % stronger than with Potomac River sand. 

Lime in Mortar. 

28. The substitution of 10 % to 20 % lime paste for an equal 

vol of cem paste, reduces the cost of the mortar, renders it less “short", 
and slightly retards setting, without seriously diminishing its strgth. Larger 
quantities reduce strgth. (Baker, Masonry Construction.) 

2!>. Feret found the effect of lime dependent upon the richness of the cem 
mortar. With 1 : 4 cem mortar, the addition of 4 to 5 % of dry slaked lime 
increased the strgth; while, with 1 : 1.25 cem mortar, the addition of lime 
lowered the strgth. (Chimie Appliqufee, 1897, p 481.) 

€lay In Mortar. 

50. Laboratory tests indicate that a small ml mix tore of clay 
increases rather than diminishes the strgths of mortar, and diminishes its 
permeability; hut, in actual work, the clay particles tend to adhere and 
thus to form lumps having but slight cohesion. 

51. Laboratory conditions, as to dryness, pulverization, etc., cannot be 
reproduced iu practice. 

52. When the clay occurs naturally in the sand, it may not be practicable 
to effect a pei feet mixture and distribution. 

33. Clay, etc, are more likely to give trouble with dry than with wet 
mixtures. 


Consistency. 

34. Relative strength* of dry and wet mortars, 1:1. Alfred 
Noble, over 5000 experiments. Strength of dry mortar taken as 100. 

Portland cement Natural cement 


Age 30 days 3 mos 6 mos 1 yr 30 days 3 mos 6 moa 1 yr 
Dry Mortar.... 100 100 100 100 100 100 100 100 

Moderately stiff. 97 94 97 97 78 89 95 90 

Grout. 90 92 91 95 63 77 86 82 

35. Use dry eonc when it is to be heavily loaded at once. Tests indicate 
that wet and dry cone will be equal in strgth within a year. 

36. Wet cone bonds better to old work than does dry cone. Excess of 
ivater increases efflorescence and laitance. 

37. Rule for percentage, W, of water. H. P. Gillette, Cost 
Data, p 266. 

l<et S «* parts of sand to 1 part cem. Then 
W = (8 S + 24) -4- (S + 1). 

This gives 

when 5- 1 1.5 2.0 2.5 3.0 3.5 4.0 

\V - 16 14.4 13.3 12.6 12.0 11.5 11.2 

Falk finds that mortars, thus proportioned, adhere well to steel. 

38. Slog cement requires plenty of water for its proper hardening, 
Therefore, if used in air, slag cem mortar should be kept damp. 


Netting and Hardening. 

38. Netting, or the loss of plasticity, usually occurs within a few hour* 
(sometimes within a few minutes) after mixing cem with water; whereas 
hardening and Increase of strength (which appear to result from a 
different set of chemical processes) often proceed for months or even year*- 
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40. Molded blocks of Portland cone, of even 60 tons wt. can 
generally be handled and removed to their places in from 1 to 2 weeks 

Initial and Final bet. 

41. Initial and final set are stages of the setting process, arbi¬ 
trarily distinguished by means of the resistance, of the mortar, to penetra¬ 
tion by cylindrical wires, of standard diams ana loaded with standard wts, 
the blunt ends of the wires resting upon the surf of a pat of the mortar 
formed in a flat cylindrical mold on a glass plate. See t 8, p 1235. 

Determination of bet. 

42. Genl Totten, (Genl Q. A. Gillmore, Limes, Hydraulic Cements and 
Mortars, p 80,) at Fort Adams, R. I., prior to 1830, used a Vis inch wire, 
loaded with 0.25 lb, and a Vs\ inch wire, loaded with 1 lb; initial and final 
set being taken as the conditions when these wires, respectively, failed to 
make an impression upon the mortar. 

43. Vicat used but one wire, or “needle.” The A S C E (see specifica¬ 
tions, p 943) prescribes, for this needle, a diam of 1 mm (0.039 inch) and a 
load of 300 grams (10.58 os). Initial set occurs when the end of the needle, 
penetrating a pat of mortar 4 cm (1.57 ins) deep, can no longer approach 
within 5 mm (0.2 in) of the glass plate; and final set when the needle fails 
to sink visibly into the mortar. The mortar, under the setting test, must 
be of “ normal consistency.” or such that a cylindrical rod, 1 cm 
(0.39 inch) in diam, loaded with 300 grams, its end resting upon the mortar, 
penetrates 1 cm into it. 

bpeed. 

44. bpeed. Some of the best, cems are the slowest setting. A layer of 
very quick-setting cem may partially set, especially in warm weather, before 
the masonry is properly lowered and adjusted upon it, and any disturb- 
anee, after getting* has commenced, is prejudicial. On the othei 
hand, quick-setting cements are best in certain cases, as when exposed 
to running water, etc. They may be rendered slower by adding a bulk of 
lime paste equal to 5 or 15 % of the cement paste, without weakening them 
seriously. Nat cems usually set quickly. Slag cem sets slowly. 

45. In general, setting is accelerated by high alumina and by 
soda and potash in the cem, by freshness and fineness of the cem, by the use 
of warm water and warm sand in mixing, and by warm weather, bet¬ 
ting is retarded by excess of lime and silica in the cem, by the presence 
of sand, by wetness of mixture, by cold, by retempering, by salt or sulfuric 
acid in the mixing water, by the presence of 1 or 2 % of lime sulfate, either 
hydrated (gypsum) or anhydrous (plaster of Paris) or of slaked lime, in some 
cases by hard burning, and in general, by the age of the cement, but the 
storage of new cem in warm places accelerates setting. 

45 a. tiypsum. CaS0 4 . Time of setting (initial and final) increased 
rapidly with additions of gypsum up to about 2 %, and remained constant, 
or increased slightly, up to 4 %. E. Candlot, “Ciments et Chaux Hydrau- 
liques. ” 

45 b. Time of setting (initial and final) increased, up to about 1.5% 
gypsum, but then decreased, as the gypsum was increased to 7 %. Knis- 
kem and Gass, Sibley Jour of Engng, f 05, Jan. 

45 c. Calcium chloride, CaCl 2 . A weak solution retards, but a 
concentrated solution accelerates, the setting of Port cems. Thus, with 10 
to 40 grammes per liter, the time of setting reached 500 to 850 minB ; while, 
with 200 to 300 grammes per liter, it was reduced to from 2 to 25 mins. 
Cems with very high or very low alumina are but little affected by CaClj. 
A weak solution (30 to 60 grammes per liter) may render sound a cem con¬ 
taining free lime, by facilitating the hydration of the lime. E. Candlot, 
'‘Ciments et Chaux Hydrauliques.” 

45 d. From to 1% % dry CaCL, ground with cem clinker and made 
into pats of normal consistency (See Tests, 1 7, p 1235) increased the 
time of initial set from 2 to 167 mins, and that of final set from 52 to 275 
mins. With 6 %, the times were 68 and 145 mins respectively, Kniskern 
and Gass, Sibley Jour of Engng, ’05, Jan. 

46. Setting is attended by an increase of temperature. In quick 
letting, this increase may amount to 10° C (18° F) or more. 
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47. Slow setting cems are apt to harden more rapidly than quicW 
setting. 

48. In warm air, setting cem, in drying, loses the moisture upon 
which the operation of hardening depends. It therefore sets without 
hardening;. In hot weather every precaution should be taken against 
this. 

49. Cems of the same class differ much in their rapidity of harden¬ 
ing;. At the end of a month one may gain nearly onc-half of what it will 
gain in a year, and another not more than one-sixth; yet at the end of a 
year both may have about the same strength. Hence, tests for 1 week 
or 1 month are by no means conclusive as to the final comparative merits 
of cements. 

50. Many years are required to attain the greatest 
hardness; but after about a year the increase is usually very small and 
slow, especially with neat cem. Moreover, any subsequent increase is a matter 
of little importance, because generally by that time, and often much soouer, 
the work is completed and exposed to its max loads. 

51. Cems which are slow-setting when made, are apt to become quick- 
getting (or “flashing’*) when stored, especially in warm places, 
and if the cem is underlimed. This is attributed to disintegration of the 
particles and consequent increase in fineness. The change sometimes takes 
place very quickly. This difficulty can usually be overcome, without 
reducing the strgth, by storage in cool places and by adding 1 to 2% of 
slaked firne. On small jobs, a few lumps of lime may be added to each 
bbl of mixing water. 

52. The requirement, not uncommon in speefns, that a certain percent¬ 
age of increase of strength must take place between 7 and 28 
days, tempts the mfr to grind the cem coarsely, or to adulterate it with 
inert material, in order that it may not gain too much of its strgth within 
the first 7 days. 

Properties. 

Soundness. 

53. ITnsoundness, in cem mortar, is-the tendency to expand, contract 
or disintegrate in air or water, or under heat and cold. See Specifications. 

54. Cem, of any established brand, will seldom be found deficient in 
strength; but may be deficient in soundness, upon which durability depends. 

55. ITnsonndness is generally due to excess of free lime, arising 
from incorrect proportioning, overburning, lack of seasoning, or coarseness 
of grinding; the latter preventing perfect hydration. The presence of 
lime sulphate (gypsum plaster of Paris) is favorable to soundness. 
Unsound cem is improved by storage. 

56. Change of dimensions during hardening of concrete. 
Cone, placed In air, shortens or shrinks during the first two or three 
months; while cone, in water, expands during about the same time. 
These changes are greater with those cones having the larger proportions 
of com. 

57. Shrinkage of mortar set in air. 


per cent. ins. per 100 ft. 

Neat cement,*.......0.132 to 0.1^0 1.58 to 1.G8 

Mortar, 1:1,*.0.080 to 0.170 0.96 to 2.04 

Lean mortars,t.0.030 to 0.050 0.36 to 0.60 


The expansion in water is somewhat less than the contraction in air. 
The total change in dimensions is the algebraic sum of that due to setting, 
and that due to temperature changes. 

58. Cone shrinks less when it sets under pressure. Fineness of 
sand is conducive to shrinkage. 


* Trans. A S C E, Vol xvii, 1887, p 214. 

| Considfere. Experimental Reseai ehes on Reinforced Concrete. Trans¬ 
lation by Moissieff, p 87. 
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Strength. 

" 59. Cem mortars are usually tested (by means of briquets) for tenaile 
strength. 

60. Factors affecting strength. The strengths of samples, 
under test, are much affected by the temperature of the uir and water, as also 
by the force with which the cem is pressed into the molds; l»v the extent 
of setting before being put into the water, and of drying when taken out; 
and still more by the pres under which it sets, which increases the strength 
materially. On this account, ccms, in actual masonry, may, under ordi¬ 
nary circumstances, give better results than in tests of samples. The 
causes named, together with the degree of thoioness of the mixing, the 
proportion of water used, and other considerations, may easily affect, the 
results 100 % or even much more. Hence the discrepancies in the reports 
of different experimenters. Specimens of the same cem, tested under 
apparently similar conditions, may give widely diff results. 

61. Personal equation. In connection with the building of the 
Croton Aqueduct, New York, one set of testers, testing 835 briquets, ob¬ 
tained an av strgth of 62.3 lbs per sq in; while another set of testers, 
testing 2-134 exactly similar briquets bv the same methods and under the 
same circumstances, obtained an av strgth of 85.2 lbs per sq in, or 36 % 
greater. 

62. Owing to such uncertainties, a series of tests, to be of value, mint 
cover a large number of specimens, in order that the accidental 
diffs may be averaged. 

63. Diffs in comparative results with diff materials may be due to one 
or other of several diffs betw the materials. Thus, in compaimg mortars 
made with clean and with dirty sands, the strgths may be more affected 
by diffs in density than by the diffs in cleanness of the sand. 

64. Effect of age. The diagram,* Fig 1, illustrates approx the 
strengths of av Portland and of av nat cems, neat and with 2 and 3 parts 



Weeks SJunths Year Years 


Fig 1. Ago and Strength of Mortar, 

of sand, up to an age of two years. Tests may readily vary 10 per cent 
or more eitherway from the average. 

* See Richard L. Humphrey, in “Cement," Chicago, May, 1899. 
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65. Fig: 2* shows, approximately, the effect of nand. 

to cliff proportions, upon the strengths of Portland and natural cements, at din 



ages from 1 week to 1 year. The four solid curves represent average Port 
land cementvS, and t,he four dotted curves represent average natuial cements 
For each kind of cement, the curves represent ages of 1 year, 6 months. 1 
month and 1 week, respectively, beginning at the top. The curves foi 
natural cement are carried only to 5 parts sand. 

(Hi. The coniproHMive s( rcngthN of cem mortars, in cubes, appear 
to be about 8 to 10 times their tensile strengths, and their shearing strgths 
about Y* their tensile stigths. 

67. The adhesion of cem liiorlnre lo bricks or rough 
rubble, at diff ages, and whether neat or with sand, may be taken at an 
av of about % the tensile strength of the mortar at the same age. If the 
bricks and stone are moist and entirely free from dust when laid, the ad* 
hesion is increased; whereas, if very dry and dusty, especially in hot weather, 
it may be reduced almost to nothing. The adhesion to very hard, smooth 
bricks, or to finely dressed or sawed masonry, is less than the adhesion to 
rough and porous surfs. 

68. Dr. Bohme, Berlin, found tensile strgth -f- adhesive strgth =■ 1 10. 
w ith 1 : 3 and 1 : 4 mortars, and = 0 to 8, with neat and 1 : 2 mortars. 

Finish. 

69. Lime mortar and corns, when used as mortar for brickwork, often 
disfigure it, especially near sea-coasts, and in damp climates by white 
efflorescence. which sometimes spreads over the entire exposed face of 
the work, and also injures the bricks. This occurs also, to some extent, 
with Portland cems; also in the mortar joints of stone masonry, but to a 
much less extent. It injures only porous stone. It is usually a hydrous 
soda or potash carbonate, or magnesia sulfate (Epsom salts) often with 
'»ther salts. As a preventive, General Gillmoro recommends to add to 
every 300 ilx? (1 bbl) of the cem powder, 100 lbs of quicklime, and from 
8 to 12 lbs of any cheap animal fat; the fat to be well incorporated with 
the quick-lime before slacking it, preparatory to adding it to the cem, 
l'uis addition will retard the setting, and somewhat diminish the strength 
of the cem. It, is said that linseed oil, at the rate of 2 gals to 300 lbs of ary 
cem, either with or without lune, will, in all exposures, prevent efflorescence; 
but, like the fat, it greatly retards setting, and weakens the cem. See also 
Bricks, p 1221. 

70. For pointing, the best Portland cem should be used, and is best 
used neat, but it is often used with from 1 to 2 parts of sand. Mix under 
shelter, and in quantities of only 2 oi 3 pints at a time, using very little 
water; so that the mortar, when ready for use, shall appear rather incoherent, 
and quite deficient in plasticity. Tne joints being previously scraped odt 


♦Compiled, by permission, from Prof. Baker's "Masonry Construction.” 
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to a depth of at least half an inch, the mortar is put in by trowel; a straight¬ 
edge being held just below the joint, if straight, as an auxiliary. The 
mortar is then to be well calked into the joint by a calking-iron and hammer, 
then more mortar is put in and calked, until the joint is full. It is then 
rubbed and polished under as great pressure as the mason can exert. If 
the joints are very fine, they should be enlarged by a stonecutter, to about 
inch, to receive the pointing. The wall should be well wet before the 
pointing is put in, and kept in such condition as neither to give water to, 
nor take it from, the mortar. In hot weather the pointing should be kept 
sheltered for some days from the sun, so as not to dry too quickly. 

Behavior in Water. 

71. Laitance. "When cone is deposited in water'especially in the sea, 
a pulpy gelatinous fluid exudes from the cem, and rises to the surface. This 
causes the water to assume a milky hue; hence the French term, laitance. 
As it sets very imperfectly, and, with some varieties of cems, scarcely at all, 
its interposition betw the layers of cone, even in moderate quantities, will 
have a tendency to lessen, more or less sensibly, the continuity and strgth 
of the mass. It is usually removed from the inclosed space by pumps, 
which must be used cautiously, to avoid disturbance of the cone by currents. 
The proportion of laitance is greatly diminished by reducing the area of 
cone exposed to the water, as by using lame boxes, say from 1 to 1.5 cu 
yds capacity, for immersing the cone.” (Gillmore, "Limes, 11yd. Cems & 
Mortars.”) 

73. Authorities differ as to the effect of aca water. II. LeChatelicr 
(Internatl Assn for Teste Materials, Procs, 190t»), finds that the active iu- 
gredients of cem (lime, aTuminates, silicates) are decomposed by the magne¬ 
sium sails of sea water, yielding soluble calcium chlorides and lime sulfates. 
The latter, with lime alununatc, forms a compound whose crystallization 
tends to swell and crack the material. 

73. In view of the notable puddling; effect of percolating water, 
it would appear that sea water especially, with its numerous salts, ought 
shortly to block its own passage into the cone. 

74. The NubNtitution of iron for alumina, in cem, is found to 
remove one of the most active reagents in the deteriorating effects of the 
salts in sea water. 

See Cement, *1 30, p 1225. 

75. The disintegration of cone in water (salt or fresh) ap¬ 
pears to be due less to action of the water itself than to the repeated action 
of frost where the cone is alternately exposed to freezing temps between 
high and low water. 

76. Mortar of puzzolano and lime has remained in perfect condition for 
15 to 20 centuries in Italian harbor works. 

77. At the dock at Kobe, Japan, to avoid possible injury, the salt water, 
inside the dam, * as replaced with fresh water, which entered at the surface, 
while the heavier salt water was pumped out from the bottom. 

For Concrete, see pages 1252, etc. 
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Abbreviations, symbols and references, in general use in the 

articles on Cement, Sand and Mortar, pp 1222-1250, and on 
Concrete pp 1252-1378. 

For references to specifications, see pp 1352-3. 
a gg.aggregate 

A S T M..American Society for Testing Material* 

A S G E.American Society of Civil Engineer.' 

Assn Eng Socs. . .Association of Engineering Societies 

rein.cement 

cone.concrete 

constr.construction 

c c.cubic centimeter 

d.day 

elas .elastic 

E N.Engineering News 

E R.Engineering Record 

expt.experiment 

b, hr.hour 

IiiatnC E.Institution of Civil Engineers 

Jour.Journal 

kg.- ... .kilogram 

km...kilometer 

in.meter 

nun.millimeter 

mo.month 

mod.modulus 

mom.moment 

nat.natural 

Port.Portland 

Procs.Proceedings 

reinfd.reinforced 

leinfmt.reinforcement 

spoefn.specification 

standd.standard 

surf.surface 

T & M.Turneaure and Maurer, “Principles of Reinforced Con* 

crete Construction,” 1907. 

T & T.Taylor and Thompson, “Concrete. Plain and Reinforced, w 

1905. 

Trans.Transactions 

1 ransv.transverse 

U. S. A.Report, Chief of Engrs, U. S. Army. 

wk.week 

I .per 

□.square 

[T.square inch 

>.greater than, more than 

< .less than 

.not more than, equal to or less than. 

< .not less than, equal to or greater than, at least. 
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For Omcnt, Sami and Mortar, see pages 1222, etc. 

For abbreviations, symbols and references, seep 1261. 

AGGREGATES.* 

Constituents. 

1. Order of value. (1) Trap, (2) granite, (3) gravel, (4) marble, 
(5) limestone, (6) slag, (7) sandstone, (8) slate, (9) shale, (10) cinders. 

2. The strat h of cone, with good sandstone, is about 0.75 X strength 
with trap. With slate, leas than half stiength with ttap. Good cinders 
nearly equal to slate and shale. Hardness of agg increases in importance 
with the age of the cone “because, as the cem becomes hard, there is greater 
tendency for the stones themselves to sheas thru, and the hardness ot the 
agg thus comas into play.” (Sanford E. Thompson, K It, ’OG/Jan/27, p 109.) 

3. The choice of agg is of course a matter of cost, as well as of stiength, 
Ac, of product. Thus, with gravel sufficiently cheap, as compared with 
broken stone, it may be economical to use the gravel, or a mix of giavel & 
stone, obtaining the reqd total stigth bv using a larger mass of cone In 
foundations, on weak ground, this is advisable because it distributes the 
load over a greater area. 

4. In many cases, the choice of sand and agg depends largely upon 
what material can be had, and upon its distance from tnc work. 

5. Where cem is cheap, it may be economical to use materials nearest 
at hand, and to depend, for quality, upon excessive use of cem. 

6. Stone which breaks into neatly cubical fragments packs better than 
that which sphnteis into long pieces, and the fragments ate less apt to 
break in the finished work. 

7. Good broken stone is usually preferred to gravel. The roughness 
of the stone particles is believed to give better adhesion. Gravel cone 
cannot well be tooled. 

8. Cinder# are sometimes used for the agg. They are ordinarily those 
resulting flora the burning of biluminou# coal under boilers. The 
material is mostly a fine ash, containing considerable unburned coal. 

9. Anthracite cinders are less extensively used, the supply being 
less abundant. 

10. Cinder cone, weighing only from 80 to 100 lbs per cu ft, is of 
advantage where lightne*# i 3 reqd. Broken stone or gravel cone weighs 
from 140 to 145 lbs per cu ft. 

11. Clay or loam, adhering to gravel particles, destroys or weakens 
i the adhesion of the mortar to the stones. The Boston Transit Commission, 
i Report for 1901, page 39, found the ratio of strength, betw cone with clean 

and dirty gravel, about 60 : 45. 

See “Clay and Loam,” under “Sand” and ‘‘Accidental ingredients,” 
p 1135. 

Sice. 

12. In beams, arches, Ac, the Hiae of aggregate should not exceed 
1.5 to 2 ins on any edge; but, if it is well freed from dust by screening 
or washing, and if the mortar completely fills the voids, all sizes, from 0.5 
to 4 ins. on any edge, may be used in mass work, as foundations, dams, 
piers, etc. 

13. With large agg, coarse sand should be used, and vice versa. 

14. It is usually economical of cem to screen sand from gravel or 
fine material from crusher stone, and then remix in the required propor¬ 
tions. 

Density. 

15. When a solid body is reduced to a mass consisting of broken pieces 
separated by voids, the increase in bulk is due solely to the voids, and is 

♦By “aggregate,” we mean the solid materials of cone, other than the 
cem and sand. The term “aggregate” is sometimes used as including the 

sand also 
* 
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equal to the space occupied by them. Hence the ratio, betw the increase 
of bulk, or “swelling,’’ and the original bulk, is that of the voids 
to the original, and not to the final bulk. Thus, if a solid cu yd of stone, 
after being broken into pieces, occupies twice as much space as before, 
then the increase, in bulk, or the space occupied by the voids, is — that 
occupied by solid pieces = half that occupied by the entire broken mass. 

1ft. In sharp and angular broken stone, having all its pieces of nearly 
uniform size, about 50 per cent of the vol, when measured loose, will 
l>e void**. If the sizes of the stones vary betw somewhat wide limits, 
as from 2 ins down to % inch, the vol, occupied by the voids, will be less, often 
as little as from 28 to 30 % of the whole. 

17. Tests by Mr. Wm. M. Hall (Trans ASCB, Vo! 42, 1899, p 132) of 
voids in crushed Green River blue limestone, 2.5 inch, screened; very clean 
Ohio River gravel, 1.3 inch, and mixtures of the two, resulted as follows: 


Percentage of stone.100 80 70 60 50 0 

“ " gravel. 0 20 30 40 50 100 

" “ voids. 48 44 41 38* 36 35 


These are avs of a number of tests of several bargeloads of materials, 
but there was little variation betw the mixtures. 

18. Stone Crushers. See Price-list., p 1400. 

Cyclopean Concrete. 

1». “ Cyclopean ” cone, consisting of large, rough stones (“dis¬ 
placers” or “plums”) laid in cem mortar,’is largely, economically and ad¬ 
vantageously used in mass work, especially in dams, where wt and hor 
shearing strgt.h are desiderata. The stones need not be flat. They are 
usually dropt into the wet mortar, without other bedding than that due 
to their fall and wt. Wet cone facilitates the bedding of the stones, and 
bonds better with them than does dry cone. 

20. At Chaudlere water power dam. Canada, the “plums” were 
obtained from hard ledges in the river bed, in good shape for bedding. 
Their agg vol av'd betw 25 and 30 % of the vol of the dam; max, 40 %. 

21. At Transmere Bay Development Works (Procs Inst C E, Vol 171, 
1908, p. P45) the “ plums r ' were of sandstone, 9 ins apart hor’y. Near the 
bases of the walls, they weighed a ton or more. The proportion of plums 
decreased, with wall thickness, from 10 to 7 % of the whole mass. 

22. Unnecessary restrictions, imposed upon contractors, may 
eliminate the profit due to the use of “plums.” See H 19. 
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1. Cement Concrete is composed of broken stone, grave), cinders, 
•lag, shells, or other hard and inert * material (the aggregate), held together 
by cement mortar, composed of cement and sand. 

Advantage*. 

2. The principal advantage* of cone are the convenience witn 
which it may be placed, particularly in otherwise difficult situations or 
under water; its availability for subaqueous work; its cheapness, due 
largely to convenience of placing and to its use of stone too small for masonry; 
ana its fire-resisting qualities, as compared with limestone (which calcines) 
and with granite (which splinters). 

3. The availability of cone has been very greatly extended by the practice 
of reinforcement, which permits its use (heretofore often impracticable) 
in members subject to tension as well as to compression, as in beams, in 
cantilevers (including # dams and retaining walls), in columns, and in 
arches where the rise is either very great or very small, relatively to the 
span. Reinforcement permits the use of much lighter sections than would 
have been safe when use was made only of the compressive strength of the 
material. 

For reinforced concrete, see p 1278. 

4. Disadvantage*. Cone is rather weaker than good rubble masonry, 
and has only about naif the strength of first class ashlar masonry of granite 
with thin joints in cem. Like both the stone and the mortar in masonry, 
it is subject to deterioration, especially in sea water; but this difficulty is 
being eliminated bv the care which is being given to the manufacture of 
cem and which is fostered by its extensive, use and by the conduct of its 
manufacture upon a large scale. As in all human work, and notably in the 
laying of masonry, care is necessary in order to secure faithful performance, 
upon which the success of the structure bo intimately depends. The quality 
of the finished work may, however, be tested by borings. 

5. Cone is used for bringing up uneven foundation* to a level 
before starting the masonry. By this means the number of hor joints in 
the masonry is equalized, and unequal settlement is thereby prevented. 

0. On railroad work, the use of cone may obviate the u*e ot der¬ 
ricks, which are a source of interference with, and danger to, trains. 

7. Cone is used to advantage in reinforcing and protecting old atone 
masonry; but, unless special precautions are taken, the two construc¬ 
tions are liable, in time, to separate, owing to unequal settlement, especially 
if the ramming has not been thoro. 

Natural Cement. 

8. Natural cement is now seldom used in cone, except in mass work 
where it is not subjected to the wearing action of water or frost, and where 
early strength is not reqd. It is suitable for footings and for low retaining 
walls not subject to serious vibration. 

9. In dams, breakwaters, etc, the core is frequently of natural cement 
cone; with a substantial outer shell of Portland cem cone. 

Proportion*. 

10. The proportions of cement, sand and aggregate should 
theoretically be determined, either all by wt, or all by measure in loose 
condition; but, in practice, the cem is measured by the number of pack¬ 
ages used (the contents of the packages being known; see “packages," 
under “Cement”) and the sand and agg are measured loose. 


* Without chemical affinity for other materials. 
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“Natural Mix.” 

11. It Is customary to designate the quantities of oem, sand 
and agg, in a cone, by proportions. Thus: 1:2:4 means 1 part cement 
to 2 parts sand and 4 parts aggregate. Such designation is necessary 
in instructions to workmen; and, where the ranges of size of the particles 
arc known, it indicates the character of the cone. The proportions are 
of course governed by the character of the work; but it is inadvisable 
to affect distinctions between nearly similar classes of work. 

12. Usual proportions for Portland cement concrete: 

ftxceptionailv massive work (leveling for foundations, dams, breakwaters) 
t : 1.5 : 8 to 1 : 5 : 10; with nat cem, 1 : 2 : 5. 

Foundations, ordinarily, 1 : 3 : 0; sometimes as poor as l : 4 : 8. 

Piers, pedestals, abutments, 1 : 2.5 : 5.5 to 1 : 3.5 : 7. 

Piers and vaulting in filters, 1 : 2.5 : 5.5. 

Reinforced walks and beams, 1 : 3 : 6; light sections, 1 : 2.5 : 5. 

Foundation walls, 1 : 2.5 : 5.5; retaining walls, 1 : 2.5 : 5.5 to 1:3:6. 
Spandrel walls, 1:3:6. 

Conduits, drains, sewers, 1 : 2.5 : 5.5 to 1:3:6. 

Reservoir, filter and tank walls, 1 :1.5 : 3.5 to 1 : 2.5 : 5.5. 

Subaqueous work, 1 : 2 : 3. 

Floor systenjs (girders, beams, slabs) 1:2:4 to 1 : 2.5 : 5.5 
Stairways and roofs, 1 : 2 : 4. 

Arches, 1 : 2.5 : 5; light sections, 1:2:4. 

Copings and bridge seats, 1:1:2 to 1:2:4. 

But the essential requisite is that all the voids, between the particle* 
of sand and agg, be filled with cem mortar. Hence, unless the grading 
of sizes, of sana and of agg, is known or assumed, the bare statement of 
proportions, of cem, Band and agg, in a mixture, gives but little useful 
information as to the value of the cone. 

13. Ill reinforced work, in general, richer mixtures should be used 
than those that would be permissible in large mass work. In order to 
obtain proper and reliable adhesion, which i3 of the first importance, the 
bans must be completely surrounded by cem. 


Materials Required. 

14. Material** required for a cu yd of rammed Portland 
cement concrete, c = cement, bbls; s -- sand, cu yds; a ** aggre¬ 
gate, cu yds. Dust screened out. Stones not larger than 1 inch. 


Mixture c s a 

1 : 2 : 4 .1.46 0.44 0.89 

nrn>?5.1.19 o.46 0.91 

1:3.5 .1.11 0.51 0.85 

w 1 :81:6.1.01 0.46 0.92 

1:3:7 .0.91 0.42 0.97 

1-4:7 . 0.83 0.51 0.89 

1 : 4 : 8.0.77 0.47, 0.93 


With 2.5 inch stone, the quantities of all the materials, per cu yd oonc. 
were increased from 2 to 5 %. With gravel, > % inch, they were decreased 
about 9 %. (Chas. A. Matcham, Natl Builders’ Supply Assn, 1905.) 

15. Let 

B =» No. of barrels of cement reqd per cu vd cone 

= No. of times 0.141 cu yd cement reqd per cu yd eon'c; 

P ** parts of sand (or agg) to 1 part cem. 

Then 

1 /B ■= No. of cu yds cone from 1 bbl cem; 

0.141 P - No. of cu yds sand (or agg) to 1 bbl cem; 

0.141 PB = No. of cu yds sand (or agg) to 1 cu yd cono 
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Voids. See Weight, p 1271. 

16. Reduction of voids. If atone having 50 % voids, and sand 
having 50 % voids, be used, with cem, in the proportions: 

Cement, 1 part =» 0.25 cu yd 
Sand, 2 parts *= 0.50 cu yd 
Stone, 4 parts =* 1.00 cu yd 

the resulting cone will measure something more than 1 cu yd, and yet it 
will contain unfilled voids. 

17. These proportions, however, are not economical By selecting a 
sand having a range off slip, or by mixing two or more sands having 
grams of din sizes, tne voids in the sand can be reduced to say 33 %. Simi¬ 
larly, the voids in the stone can be reduced to say 35 %. We should then 
have,say: 

Cement, 1 part = 0.12 cu yd 
Sand, 3 parts = 0.30 eu yd 
Stone, 8 parts — 1.00 cu yd, 

with results as good as with the 1:2:4 mixture above, although using 
only half as much cement. 

18. Mr. Geo. W. Rafter (Trans A S C E, Dec, 1S99, Vol 42, p 10(5) recom¬ 
mends that the proportions be stated by means of the ratio of the vol of 
the mortar to the vol of agg. Thus: a cone containing 75 vols of agg and 25 
yds of mortar, would be a 33% % cone. 

16. Under usual conditions, the void** in the agg should bo 111 led 
with as rich a mortar as the strength of the work demands. A better cone 
may result from the use of a lean mortar which fills the voids,*than with a 
richer mortar but partially filling the voids. 

20. The mortar cannot be perfectly distributed thru the agg, and some 
of the voids are too small to admit the sand grams. Moreover, the mixture 
is liable to disturbance in depositing. Hence, there will be voids in the 
cone unless there is an excess of mortar over the measured voids of the agg. 

21. In practice, the excess of volume of mortar required, over 
the measured voids in the agg, in order to secure the filling of the voids, 
is usually from 15 to 25 % ofthe vol of the voids. But by 15 exp’ts with 
limestone. Prof. Baker found that the voids were not entirely filled unless 
the vol of the mortar exceeded the vol of the voids by 40 %. (Table 13 c, 
p 112 b, Baker’s Masonry Construction, 1007.) 

22. Mr. John Watt Saudeman (Procs, Instn C E, Vol 121, p 219, 1895) 
believes that, to Insure watertlKhtnesN, the vol of mortar should 
be 50 % of the vol of agg having 35 % voids; or, excess mortar = 43 % 
vol of voids. 



Fi* 1« Parabola of Maximum Density. See f 23, p 1257. 
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Density. See Weight, p 1271. 

23. Mr. Wm. B. Fuller (T&T, p 197) finds that the greatest density 
is obtained, and consequently the smallest, amount of cem rend, when the 
agg and the sand are so graded that the jierccntages, by wt, passing the 
various sieves, are as represented by th„' ordinates of the parabola in Fig. 
1, where the abscissas represent the diaras, d, of the openings in the sieves 
while the ordinates below the parabola represent the percentages passed, 
and those above the parabola the percentages retained, by these openings 
respectively. 

24. In this parabola d = P 2 M; where d = a given diam; P ==» 
proportion of particles smaller than d\ M =* max diam of stone (= 2 ins 
in the Fig). 

25. Exp’s (Trans A S C E, Vol 59, pp 67. <fcc, 1907) show that a saving 
of 12 % in quantity of cem may be effected, and a more impervious pro¬ 
duct obtained, by thus grading the sizes of the sand and agg; but the reduc¬ 
tion may sometimes be offset by the additional cost of so grading, especially 
on small work. 

2«. In the lining of the tunnel for the Sudbury aqueduct, Boston Water 
Works, the proportions were 

1 cask of Portland cem as it came from the dealer = 3.425 cu ft 


2% casks of loose sand.— 7.35 cu ft 

5 Yi casks of loose crushed stone.— 18.56 cu ft 

Total. 29.335 cu tt. 


By slightly shaking the sand and stone, the proportions became practically 
1:2:5. 

These 29.335 cu ft produced from 20 to 21 cu ft cone, rammed in place: 
or say 38 cu ft materials *-* 1 cu yd cone 
27. Mr. Wm. B. Fuller (Natl Assn of Cem Users, Proas, ’07, p 95) tested 
cone beams, 30 days old, of 1:2:6, 1:3:5, 1:4:4, 1:5:3, 

1:6:2 1:8:0, (all 1 : 8). The strgths compared as in Fig 2. 



28. From this it appears that, so long as the voids in the agg are filled 
with mortar, the comp strength of cone seems rather to increase than 
dimmish as the proportion of stone increases, and to depend largely upon 
Ihe richness of the mortar. 

2ft. Proportioning by trial mixtures: (Wm. B. Fuller, Trans 

*■ SC E, Vol SB, pp 77, lire). , . 

Having determined the particular sand and stone to bo used on any 
work, provide a strong and rigid cylinder, such as a short piece of 10 inch 
wrought iron water pipe capped at one end. 

30. On a piece of Bheet steel or other non-absorbent material, weigh out 
and mix together all the ingredients, to the consistency required for the 
work. Place the mixture in the cylinder, tamping carefully and ooatmu- 
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ously, and note the height to which the cyl is Ailed. Before the mixture 
has time to set, empty and clean the cyl 

31. Make up another batch, using the. same wts of cem and of water as 
before, and the same total weight of sand and stone, but with a slightly 
diff ratio of weight* of the sand and stone. 

32. Note the height, in the cyl, reached by this second and by subsequent 
mixtures The best mixture is that which give* the least height m the cyl, 
provided that it works well while mixing, ana that its appearance in the cyl 
shows that all the stones are covered with mortar. 

33. This method enables the engineer to select the best from the materials 
available in any given case. 

Consistency. See also Mortar, p 1245. 

34. Skill and care, in placing, and uniformity of consistency are more 
mportant than the consistency itself. 

35. The extremes of practice are: (1) Cone with mortar about as 
moist as damp earth; only enough water used to show on the top surf 
after prolonged and hard tamping, (2) enough water used to cause the cone 
to quake when first placed, and to allow only of spading into place. The 
proper consistency depends largely upon the character and purpose of the 
work. 

36. Dry cone is generally preferable in large open work where it can 
be thoroly rammed, and where early strength is reqd, as in arch skew-backs. 
When thoroly tamped, it develops much higher compressive strength at its 
early ages, and may have somewhat greater permanent strength, than 
wetter mixtures; but imperfect tamping of such mixtures may result in 
very weak cone, while thorough tamping may render the work more expen¬ 
sive than the increased strength will justify. 

37. Medium. Present practice favors the use, in general, of mixtures 
wet enough to require only spading; but, even in such work, ramming may 
be reqd from time to time for occasional dry batches. 

38. Wet cone is more easily mixt with thoroness, more readily and 
more cheaply laid, and more easily forced into the narrow spaces betw 
reinforcing bars. It comes into more perfect contact with the molds, 
thus giving smoother and more nearly watertight surf. It is therefore 
generally preferable (as in buildings) in forms of complicated shape, or in 
thin sections, or where smooth surfaces are reqd. 

39. Wetness retards setting, gives better bond between successive 
courses, gives a compact mass with less tamping, and provides the surplus 
water reqd by absorption in wooden forms. Wet cone is less liable than 
dry to injury by bad workmanship; but an excess of water reduces the 
strgth, and increases efflorescence. 

40. In “cyclopean” cone, more “plums” can be used with wet cone, 
which allows them to settle down into it, and which bonds better with them. 

41. Mixtures, wet enough to be poured into the forms for columns 
of floors, are frequently used. 

42. The quantity of water required, for a given consistency, is materially 

reduced by wet weather. »' 

43. Water works upward thru placed cone. Hence a less pro¬ 
portion of mixing water may suffice toward the end of a day's work. 


HANDLING AND MIXING. 

Handling Ingredients. 

1. In designing a plant for handling and mixing cone, the quanti- 
ties to be handled, the areas over which they must be distributed, the 
facilities for procuring and receiving the raw materials, and the working 
space available, must be considered; and each case will present other factors, 
peculiar to itself, 

2. The arrangement* of such a plant are as various in character 
as are the different kinds of work. In general, these arrangements must be 
specially designed for each important work; and success and economy 
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S. Materials may reach the site by cars, boat or team. Be on guard 
against mud and dirt in bottom of vehicle. Sand and agg may be dredged 
from stream at the site. 

4. After reaching the work, the materials are carried to the bins, by 
carts, barrows, small cars, dredge buckets, or belt or chain conveyors. 
From the bins they are usually carried by gravity, thru hoppers, to the 
mixer. 

5. Storing;. Cera is commonly stored in sheds or other warehouses, and 
is handled, separately from sand and agg, in bags or bbls, often by means 
of chain conveyors. 

6. For bringing the materials from the binn to the mixers, and 
the cone from the mixers to the work, carts, barrows or small cars are used. 

7. Where the work covers a limited hor area, as in the case of a building, 
or of a pier or abut, the mixer need not be frequently moved, and 
the arrangements for handling are relatively simple. 

8. Where the work covers a large hor area, as in a slow filtration plant, 
or where it crosses a valley.as in a dain; cable conveyors, with towers,are used: 
or one or more mixing plants are installed in central positions. 

tt. Where the work extends along a line of considerable length, as in walls, 
sewers or aqueducts, a railway track, often of broaij gage ana with three or 
more lines of rails, is laid alongside, and the materials handled from derrick 
cars, often of designs specially prepared for the work in hand. 

10. The work is facilitated by having the cars, barrows, buckets, etc, 
of known capacity, so that they may serve as measures in proportioning 
the sand and agg. Thus, the cars may hold enough sand or agg for one 
batch, and may dump into larger boxes, each holding enough sand and agg 
for one batch. The cem is usually measured separately, by counting the 
bags or bbls emptied. 

11. Where cars are used, they may be moved by locomotive or by cable, 
reaching the bins by means of an inclined plane. 

12. In the case of a belt conveyor, sand and stone, each enough for 
a batch or other known quantity of cone, and afterward the cem for the same 
quantity, are dropped upon the belt from their respective bins. 

13. Commonly the measuring platform (or the measuring hopper 
for batgb|, machines) is placed directly over the mixer. 

14. For max output, there should be two sets of measuring hoppers, 
one to be dumping into the mixer while the other is filling. 

For washing sand, see SAND, H 34, p 1242. 

15. Agg may be washed in a revolving cylindrical screen, by a jet 
of water under high pressure. 

16. Work is often done at night by means of electric or other artificial 
illumination. 

17. Portable (flat-car) cone mixing plant. Two 6X8 tim¬ 
bers, 58 ft long, 4 ft apart, laid upon floor of a 34 ft standard-gage flat 
car, their ends projecting 12 ft beyond each end of car, and guyed to an ele¬ 
vated framework on center of car. Each projecting end earned a 2 cu yd 
hopper. Sand and gravel were shoveled into this hopper and discharged 
from it upon a belt conveyor, running hor’y under the hopper and then 
upward to a hopper (3 cu yds) 15 ft above the car floor, over the center 
of the car. This elevated hopper discharged the sand and gravel into a 
H cu yd Smith mixer, placed at the center of the car. Cem supplied to 
the mixer by hand; water from a pipe, laid along the work and provided 
with hose connections. A bbl, filled with water, was carried on the elevated 
framework, to ensure n supply for immediate use. The oonveyor belt, 
2 ft wide, consisted of two fink-belt chains, with a heavy double-thickness 
canvas belt between them. Belt supported by wrought-iron pipe cross¬ 
pieces 18 ins apart. The belt forms pockets between the cross-pieoes. 
Conveyors, driven by a 9 X 16 inch single-cylinder steam engine, mounted 

of the car. Average capacity, 275 cu yds per day. One lower 
j found sufficient to supply the mixer. (The Chalmette Dock* 
Orleans Terminal Co, E. R, ’06/Jul/28, p 90.) 
lfc. In constructing works which are circular in plan, the mixt coho, 
for floors, columns, girders and roof, may be earned to the forms by mean.- 
of a truss bridge, spanning the work from a central tower to a track on tfcr> 


on one end 
hopper wa* 
of the New 
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circumferential wall. The bridge then forms a revolving crane, carry, 
ing mixers at its outer end. 

Mixing. 

19. General. Each sand grain should be coated with cem, and the 
mortar should coat every fragment of stone in the agg and should be evenly 
distributed thru the whole vol. The stone, if dry, should be wetted before 
adding it to the mortar. 

20. Thoroness of mixing is of the greatest importance; especially 
vrtien the cone is poor in cem or of dry consistency. 

21. The great strgth ot the cone in the Munderkingen bridge is attributed 
to its thoro mixing. The materials were rnixt 2 mins dry and 3 mins wet. 

22. Variation in color of mixture indicates change in the proportions 
of the ingredients. 

23. See that any cem, thrown out as defective, is replaced by good cern. 

24. MR ing concrete. Where the mixing platform cannot be built 
near the level of the top of the structure, the cone may be raised by a power 
lift to the proper level, and then wheeled on level runways. For low lifts 
and small quantities, horsepower lifts are used; for higher lifts and larger 
quantities, a small steam or gasoline engine. 

25. In some cases, the mixer and its enclosing frame are lifted bodily 
by the derrick which supplies materials, and deposits them over or near the 
work. 

26. Hand mixing is inadvisable and uneconomical, except on small 
jobs. 

27. In hand mixing, it is usual to mix the sand and cem dry, usually 
by turning with shovels two or three times, until the mixture is of uniform 
color, and each sand gram is coated with cem. 

28. Water is then added, and the mortar is mixed before the agg is added; 
or the agg may be spread over the dry mixed sand and cem, or these thrown 
upon the agg, and the whole then wet and mixed by two or more turnings 
with shovels^ until the water is thoroly incorporated. 

29. Mixing the cem and sand first, as above, reduces the total labor by 
omitting unnecessary manipulation of the agg. 

30. Weather. Hand mixing should be well protected against wind 
and rain. Wind blows away the finest, (and therefore best) of the cem, 
and rain prevents proper (dry) mixing of cem and sand. 

31. For the sub-station of the Brooklyn Rapid Transit Co., two bottom¬ 
less rectangular frames were provided, one of which had a capacity of Yi 
cu yd, and was first filled with sand. Seven bags of cement were then 
emptied on top of it, and the mass was turned several times by five shovelers 
until the color was uniform. It was then leveled, the other frame (1 cu 
yd capacity) was placed on top and filled with broken stone, and water 
was put on with a hose. The mass was then turned four times, shoveled 
into wheelbarrows and deposited in the forms. 

32. With equal care, machine mixing gives better and more 
reliable results than hand mixing, and is more economical on large work. 

33. The output muxt be carefully watched, as the accidental 
and unsuspected choking of a hopper may cnange its character. 

Mixers. 

34. Mixers are of two principal types; “continuous,” and “batch.” 

35. In continuous mixers, the raw materials are fed continuously 
into the machine at one end, and the mixed cone is delivered continuously 
from the other end. 

36. The gravity (continuous) mixer is a stationary shute or trough, 
set nearly vert, and equipped with fixed projecting pins or baffles, against 
which the material impinges as it descends, and upon which the mixing 
depends. Water is admitted by a spray pipe, at the top of the shute. 
Power is required only to elevate the materials to the top of the mixer, 
usually a lift of about 8 feet. 

37. Other continuous mixers are in the form of open troughs, 
nearly hor. and having a longitudinal revolving shaft, with screw-like blades 
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attached, which convey the material, fed in at the upper end, thru the 
length of the trough, to the lower or discharging end. Water is provided 
by means of perforated pipes along the sides of the trough. 

38. Measuring. Continuous mixers require some means of propor¬ 
tioning the ingredients of the cone. Various automatic measurers have been 
used to a limited extent Sometimes the sand, cem and ugg are spread, 
in layers, on the platform of the mixer, and shoveled into the mixer. Some¬ 
times dependence is placed upon assigning, for mstance, one shoveler 
for the eem, three for the sand ami six for the stone; but tlus method is 
much too crude for most cases. 

39. Batch mixers deliver the cone in batches, the size of which is 
dotci mined by the capacity of the mixer. Thev have a wider range than 
gravity mixers, and give better control of the proportioning of the ingre¬ 
dients. 

10. The oldest and simplest, batch mixer consists of a revolving cubical 
iron box, plain inside, mounted on bearings at its diagonally opposite cor¬ 
ner.^, and provided, on one side, wnth a sliding gate., for admitting the raw 
nutlet mis and discharging the cone. Power is applied thru gearing on 
the shaft. The ingredients inav be mixed dry for a numbei of turns, and 
the water them added thru the hollow trumons; 01 the water may be added 
before anv mixing is done. The older cubical mixers had to be stopped, 
both at the time of charging and when dcliveiing the cone. 

41. At Supenor Entry, Wis., the U. S. (Jovt used a cubical cone mixer, 
chaigmg and dischaiging without, stopping and without varial ion of speed. It 
was operated by a 7 X 10 inch vertical single steam engine, and turned 
>ut a batch of very perfectly mixt cone in 80 secs. The cone was plainly 
visible during the entire process. (Clarence Coleman, Kept of Chf of Engis, 
U. S. A., 1904, Part IV, p 8784.) 

12. In later batch mixers the cubical box is replaced by a drum 
(either cylindrical or made up of two cones), rotated by means of a chain 
on a ring encircling the dmm.aud provided with vanes or blades iixed upon the 
inside. These blades first carry up and then drop the material, mixing it 
by the agitation so caused. The discharge is effected, in the Smith (double 
cone) machine, by tilting the machine (like a Bessemer steel converter) 
about its trunions, placed at cen of grav of drum; and, in the Ransome 
(cylindrical drum) machine, bv inserting a tilting trough, which, in the dis¬ 
charging position, catches the material as it falls from the blades. 

43. To provide against break-downs, extra parts should always 
he furnished with each mixer. 

44. Mounting;. Mixers are either stationary, or mounted on skids 
or wheeled trucks, with or without steam engine, engine and boiler, gasoline 
engine or electric motor. 

*5. The mixer, with its framing, is sometimes lifted bodily from its old 
location, and deposited in a new one, by a derrick or cableway. 

4«. Wheeled cone mixers, with revolving drums, into which the 
ingredients are loaded, and in which they are mixt by means of the forwd 
'uovemt of the vehicle, have been used. The motive force may be given 
bv hand, by horse-power or by gasoline engine; and the relation, betw 
forward speed and speed of rotation, may be regulated by gearing. 

47. Small hand-power batch mixers are furnished; capacity claimed 
> 450 cu ft per day. 

48. In the choice of a mixer, reliability, as established by success¬ 
ful use, is of prime importance, especially where continuity of work is essential. 

49. Shortage of output may be due to shortage of power behind 
the mixer, as well as to the imxer itself. 

50. The mixer should be cleaned after each day’s work. 

PLACING. 

51. The best cone may be rendered almost worthless by carelessness or 
improper method in the placing. 

52. When cone is damp! from a considerable height, there 

would seem to be danger that the even distribution of materials may be 
disturbed. Hence, if lowered in buckets, these should be brought close U> 
the work already done, before dumping. However, in the construction Qk 
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done piers for a bridge at Bethlehem, Pa., by Cramp & Co. (E R, ’09/Mar/6, 
p 280) cone was delivered, thru an inclined woeden shute, lined with sheet 
iron, at a point vert'y 74 ft below the mixer: and the method was found 
to be economical, and the cone uniformly good, and there was no difficulty 
from separation of ingredients. 

53. In work that will show, the layer* are usually restricted to about 
6 ins in depth, owing to the difficulty of spading the face work when the 
layers are thicker; but in foundations, and in heavy work above ground, 
if to be faced with masonry, or if appearance is not important, layers of 
wet cone as deep as 2 feet may be used. 

54. If the cone, after placing, is found to be too wot, it is better to 
correct the trouble by placing drier cone upon it. , When surplus water 
is bailed out, some cem is carried with it and thus wasted. 

55. Excessive face spading 1 brings up water from below, and thii 
washes cem from the face. 

56. Works of considerable length, Buch as dams and walls, 
are commonly built in sections alternately, thus: secs 1, 3, 5. etc, are first 
built separately, and, when they have hardened, sec 2 is built betw secs 1 
and 3, section 4 betw secs 3 and 5, etc. The sides of secs 1 ? 3, 5, etc, thus 
serve as part of the forms for secs 2, 4, etc. This method facilitates bonding 
betw the secs, by means of vertical dove-tail grooves, formed, by the molds, 
in the sides of the secs first built. The cone of the remaining secs, placed 
later, enters anti fills these grooves. 

57. In freezing weather, cone can be laid in large masses in water 
or below the ground surf. In excavations, if the ground water is permitted 
to rise over the work during the night, it will usually prevent frost from reach¬ 
ing the cone. 

58. At Chaudifcre water power dam, cone was laid in tenrps as low as 
—20° F. A mixing house was erected, and the temp ? within, was kept, 
by stoves, above freezing. Materials wore lowered into the house by 
derricks thru hatchways in the roof. Water was kept in casks, and kept 
lukewarm by steam jets. Sand was heated outside the house. Stone, in 
piles 3 to 4 ft deep, was heated (but not dried) by steam jets from a perfo¬ 
rated pipe, passing under the piles. After placing, the cone was loosely 
covered with canvas, under which the nozzle of a steam hose was introduced. 

Forms. 

59. In wall foundations, the trench itself may constitute the form; and, 
in dams and arches of cone blocks, the first blocks, placed alternately, 
often serve as parts of the forms for the remaining blocks; but ordinarily 
a considerable amount of timber framing is required. See 1! 56. 

60. The economy of the work depends so largely upon the design 
of the forms, that it is often advisable to modify the design of the work 
itself, or to use more cone than would otherwise be nec'y, in order to secure 
economy. The design should be such that commercial sizes of lumber 
may be used, and with a min of wasteful cutting; and Buch that the forms 
may be readily erected and removed with a minimum of damage to them ¬ 
selves and no damage to the work, and used repeatedly. Where practi¬ 
cable, the forms are made in sections, small enough to be conveniently 
moved and handled separately. Cutting is economically done by power 
saw benches. 

61. Even in building work, where much of the “centering” must be 
built in place, and where it can be removed only by taking it to pieces, 
the lumber may be used two or three times before it is discarded. Where 
the forms can be assembled in panels, and these panels removed as units, 
they may be used many times. 

62. The requirements of different works, executed under diff conditions, 
vary so widely, that no useful details, aa to the construction of the forms, 
etc, except for buildings (see HI 63 etc), can be given within the limits 
at our disposal. The designer should witness the removal of his forms 
before estimating their success. 
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Forms for Bnlldingg. 

A3. In reinfld building construction, the forms are chiefly: 

(a) Column forms, 

(b) Beam, slab, floor and roof forms, 

(c) Wall forms. 

«4. A typical column form. Figs 1 and 2. The boards, G, 
ns thick, are held in place by cleats, H, X)i X 5 ins, and by “column 
dips,” C, made of pieces 4X4 ina, and boards, B, 1^X5 ins. These 
‘column clips” must be spaced to take the pres due to the cone. At the 
bottom of a column 18 ft high, they should be > 10 ins, cen to cen. At 
he bottom, 4 boards, A, are used, to hold the form in shape, and the boards, 
are cut, on one side of the box, at F, 2 or 3 ft from the bottom, to form 
i door (cleats, on door, not shown), thru which all rubbish may be brushed, 
l'he door is then held shut by the lower two “column clips,” and the form 
is filled Triangular fillets, T, are used to bevel the corners of the col. 




Fig 1. 

Figs 1 and 2 . Column Form. 

65. Column forms should be so designed that they may be removed 
without disturbing the forms for the beams and girders. The col forma 
may then be bared for inspection, before being loaded. 



Fiff 3. Beam Form. 
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66. Typical bcnm or girder forma. Fig 3. The forma, or beam- 
boxes, often miscalled “centers,” are supported, betw columns, by tempo¬ 
rary struts or shores, /, 4 X 4 ins, about 6 ft apart, resting on wedges, J, 
anii the plank K. Corbels, H, 4X4 ins, are placed directly under the 
bottoms, G (1 M ms thick) and sides, C (114 ins thick), of the beam boxes. 
The sides. C, aie held together by cleats, E, 1 M X 5 ins, 2 ft apart, to which 
are nailed the stnps, /> (1J4 X 6 ins), upon which rest the ledgers, B, 2X6 
ms, about 27 ins apart. These support the panel boarding, A , 1 hi ins 
thick; and this, in turn, supports the slabs. Small triangular fillets, T, 
m the corners of the beam boxes, make the box tight and give beveled cor¬ 
ners to the team. Beam forms should be given a slight camber. 

67. Typical forms for floors tetw steel teams, Figs 4 to 6, vary 
with span and load. The forms are hung fiom the bottom flange of the 
I-beams, by “hanger bolts,” A, Figs 4 and 6, % inch diam, with washers 
and handle' nuts. These bolts secure the pieces, E, of 2 X 4 or 3 X 4, upon 


F F 



Figs 4, 5 and 6. Floor Forms. 

which the boards, H H II aie supported by 2 X 6 or 2 X 8 ledgers, D 
(about 27 ins c to c, for % inch boards). Wooden blocks or sticks, B, 
Figs 4 and 5, are sometimes used under the ledgers to reduce their depth. 
Short cone blocks, C, Fig 4, are used, to keep the forms away from the 
lower flange of the steel beam. These remain i>ermanently in the work. 
In order to promote adhesion betw the lower flanges of the I-beams anil 
the thin mass of cone below them, the flanges are often wrapped with metal 
lath, before the blocks, etc, are placed. 

68. Wall forms are usually made up in panels, so that they can be 
used several times. The panels are cleated together, and are usually about 
3 X 12 ft. The panels are kept at the proper dist apart by separators, 
of wood or cone, and are held in place by bolts or wire ties. When wood 
separators are used, they must be removed just ahead of the concreting. 
Cone block or tube separators are sometimes used. These remain in the 
wall. When bolts are used that are to be later withdrawn and used again, 
they should be loosened by means of a wrench, about 24 hours after con¬ 
creting; otherwise it will be difficult to remove them, 

69. In the W’iederholdt system of reinfd cone wall construction, 
the cone is deposited within small hollow tile blocks, which form the finished 
exterior Burface, and no wooden or other temporary forms are used. 1 n e 
blocks are shaped to meet the requirements of the work. Tiling and con¬ 
creting are carried up simultaneously. 
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70. To reduce the cost of forms in reinfd building construction, columns, 
beams, slabs, etc, may be cast on the ground, and afterward el ected 
and placed as desired; at the sacrifice, however, of the rigidity due to the 
monolithic character of ordinary reinfd work. 

71. Metal forms. When the structure is of small and uniform 
cross section, permitting the repeated use of the same forms, as in sewers, 
conduits, tunnels, etc, the lagging, for the wooden forms, may be of sheet 
metal. In tunnels and similar works, of considerable extent, and in small 
ornamental work, forms composed entirely of metal may be used. 

72. Both careless and over-careful alignment are to be avoided. 
Mr. W. J. Douglas (E N ’06/Dec/20, p 646) suggests the allowance of “ H 
inch departure from established lines on 4 finished ’ work, 2 ins on * unfinished ’ 
work.” 

751. Avoid flue detail, and detail with sharp angles. Corners should 
be rounded or beveled, to facilitate the flow of cone and the removal of forma, 
and to render the corners less liable to subsequent injury. 

71. Wooden forma, within which the cone is to be placed, should be 
fairly watertight, smooth, and of sufficient strgth and stiffness to hold to 
hue under the pres of the green cone. 

75. The forms are usually of dimensioned timber, faced with planed 
hoaids or planks. The opening of joints betw the planks may be partially 
prevented by the use of matched boards or of tongued-and-grooved plank. 

70. Mortar, exuding thru open joints, leaves voids or stone pockets on 
the surface. Hence, in forms for facework, joints should be made 
light, if necessary, by the use of mortar, putty, plaster of Paris, sheathing 
paper or thin metal. 

77. If the lumber is very dry, when fastened in place, its swelling, due 
to its absorption of moisture, may bulge the boards and produce unsightly 
work. In such cases, the boards should not be matched, but should have 
their edges slightly beveled, and the sharp angle of the edges of adjacent 
boards placed m contact. Swelling will then crush the edges rather 
than bulge the board. 


Lumber for Forms. 

78. White pine is best for fine face-work, and quite essential for ornamental 
construction when cast in wooden forms. 

79. Spruce, fir, Norway pine and the softer kinds of Southern pine are 
more liable to warp than white pine, but are generally stiller and therefore 
better for struts and braces. 

HO. Partially dry lumber is usually best. Kiln dried lumber is unsuit¬ 
able, as it swells when the wet cone touches it. In very green lumber, 
especially Southern pine, the joints are apt to open. Green lumber is heavy, 
and does not hold nails well. 

HI. For wall-panel forms, tongued-and-grooved or bevel-edge stuff is 
pieferable to square-edge. Tongued-and-grooved gives smoother surface 
and less opening of joints, than square or bevel edge, but is more expensive, 
owing to waste in dressing, and there is more wear at joints if the forms are 
used often. 

82. Even for rough forms, planing on one Bide may Bave money by re¬ 
ducing the cost of cleaning after using. Studs should always be planed on 
one side, to bring them riisize. 

H». Tliicknm. For ordinary walls, 1 ins; for heavy construction, 
using derricks, 2 ins. For floor panels, 1 inch boards are most used; but, 
in tall buildings, they liecome much worn, and give bad finish to under sides of 
floors. For sides of girders, 1 inch or 1H inch answers, but 2 inch is better 
for bottoms. Col forms usually of 2 inch plank. 

Hi. Studding is usually from 3 X 4 to 4 X 6 inch; 4X4 inch is the most 
Useful size. Spacing, usually 2 ft for 1 inch boards, 4 ft fur 1 H inch, 5 ft 
for 2 inch. 

85. Since beams and columns sustain greater stresses than floor slabs, 
their forms should be left in place longer, and should therefore be indepen¬ 
dent of the slab forms. 

86. Sides of beam formH should be clamped or wedged together, to pre- 
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vent their springing away from the bottom boards, under the pressure of 
the cone. 

87. Hardwood wedges, at tops and bottoms of struts facilitate the 
setting and removing of the struts, and testing for deflection. 

88. Light joists (say 2 X 8 or 2 X 10), with frequent shores, are prefer¬ 
able to heavier sizes, difficult to handle. 

Strength of Forms. 

89. The strength, required for the forms, may be estimated, where 
wet cone is used, by assuming the pres of the cone as equal to that of a liquid 
weighing about 150 lbs per cu ft.* If dry and hard-rammed cone be used, 
the wedging of the stone, due to the tampmg, will considerably increase the 
pressure. 


90. Permissible loads, in lbs, on wooden struts for floor construc¬ 
tion. 


Unsupported 
length, ft 



Cross section of slrut, inches 




3X4“ 12 

4 X 4 - 16 

6 X 6 - 36 

8 X 8 = 64 


per 


per 


per 


per 











14 

_ 


700 

11200 

900 

32400 

1100 

70400 

12 

600 

7200 

800 

moo 

1000 ! 

36000 

1200 

76800 

10 

700 

8400 

900 

14400 

1100 

39600 

1200 

76800 

8 

8.50 

10200 

1050 

16800 

1200 | 

43200 j 

1200 

76800 

6 

1000 

12000 

1200 

19200 

1200 

43200 

1200 

76800 


91. In timber beams, calculated for strgth, the extreme liber NlresN 
is to be taken at 750 lbs per sq inch. 

92. Construction live load, liable to come upon cone while setting, 
75 lbs per sq ft on slabs; 50 lbs per sq ft in figuring beam and girder forms. 
This includes weight of men, barrows filled with cone, and structural ma¬ 
terial piled on floor, but not piles of cem sand or stone, which should not 
be permitted unless specially provided for. 

93. Floor forms should be based upon allowable deflection, rather 
than upon ttrength. Formula: 

. 3 WW % . bh » 

384 El ' 12 ‘ ' 

where 

d «* deflection, ins; 

W =* total load on plank or timber; 

L — distance, ins, between supports; 

E •= elastic modulus of lumber used *= 1,300,000 lbs per sq inch; 

/ “ moment of inertia of cross section of plank or joist; 
b =■ breadth of plank or joist; 
h =* depth of piank or joist. 

In the usual formula for deflection (see p 480) 1/384 is the coeff for beams 
with fixed ends, while 5/384 is that for merely supported ends. 

Weight of cone, including reinforeemt, 154 lbs per cub ft. 

(Sanford E. Thompson, Assn Am Portland Cem Mfre, Bulletin 13, 1907.) 


Details of Forms. 

94. Too much nailing increases the difficulty of taking the forms apari 
without injury. Wire nails can be pulled with less damage to the wood than 
can cut nails. 


♦Hr. W. J. Douglas (E N, ’06/Dec/20, p 646) assumes that the cone is * 
liquid of its own weight, or 75 lbs per cub ft. 




FORMS. 


1ZBY 


93. Iron or steel wall ties, extending thru the wall and fastening 
the forms in place, are usually removed and used again, if > M inch in diam. 
If > 34 inch diam, they are usually allowed to remain; hut, if their ends 
reach to the outer surface of the wall, they produce unsightly rust stains. 
To prevent this, the cone, surrounding their ends, is chipped out, and the 
rods are cut off, back from the surface. The holes, thus formed, are after¬ 
ward plugged with mortar. 

9ft. Separator* (patented by Wm. T. McCarthy, 1 Madison Ave., 
\ew York city), molded of cem mortar, in the form of hollow cylinders, and 
in lengths of 4 and 6 ins, encircling the bolts, are sometimes used After 
the bolt is withdrawn, the hole in the cyl iB filled with mortar. 

97. Forms are liable to disturbance by blows from the cone bucket, or 
by the running of machinery in contact with the forms. 

98. Any cone, adhering to a form, must be removed before the form is 
again used. 

Adhesion to Forms. 

99. Adhesion to forinM. If the wood is new, and if the forms are 
thoroly wet before cone is placed, the cone, if hard, is not apt to adhere 
to the forms when these are removed. If the forms are to be removed 
before the cone is hard, they should, before concreting, be greased with 
material thin enough to flow and fill the grain of the wood. Crude oil, 
linseed oil, soft soap and other lubricating substances are used 

100. New work is apt to adhere to old sticks, where cone has previously 
adhered, even tho this has been cleaned off. 

101 . Oil, applied to forms (to prevent their absorption of water or to 
facilitate their removal, U 99), is apt to find its way to joints betw old and 
new work, and prevent the formation of a satisfactory bond. Soap and soft 
soap are of course harmless in this respect. 

Removal of Forma. 

102. Premature removal of forms and props has caused many 
failures of cone buildings; but undue delay, in their removal, means delay 
m the work and increase in the number of forms reqd. 

103. The French law requires that teat blocks and sample beams be 
made for every section cast. These enable the engineer to judge intelli¬ 
gently as to the condition of the actual work. 

104. Props should be removed from one beam or girder oniy at a time, 
and should be at once replaced after the forms for that beam have been 
removed. This permits the discovery and repair of defects. 

103. The forms may be removed earlier in warm and dry 

i ban in cold and damp weather, earlier from under light than from under 
neavy loads, earlier with quick-setting than with slow-setting cem, and 
earlier with dry than with wet mixtures. See Specifications, pl359. 

106. To release the beam boxes, the posts may lie supported oh 
wedges and capped. The posts and caps should not be removed, from more 
than one beam at a time. After the beam boxes have been removed, the 
posts and caps should be replaced before removing the forms from any 
other beams. Or, the posts may be supported solidly, and capped with 

ii corbel forming the bottom and supporting the side-boards of the beam 
boxes. The side-boards may then be removed, leaving the posts and 
corbels undisturbed. 

107. Prying against the cone, in removing the forms, may 
injure it. 

Joints in Concrete. 

108. Difficulty. In large work, the joints, betw work done on diff days 
or even before and after an hour’s interval, are apt to give trouble, espe¬ 
cially where watertightness is reqd. 

109. Causes. The difficulty appears to be due partly to a surface akin 
or glare, on the Burf of the hardened cone, and partly to the presence of oily 
or dusty materials, laitance or sawdust, betw the two surfs. Oil, used 
upon the forms, or saturating the clothing of the workmen, is apt to find its 
way to the joints. Sawdust is particularly difficult to remove. The bond 
ia especially wetJc if the older surf is froren. 

*5 
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110. Remedies. Many remedies have been proposed, advertised and 
used, but none has been fully tested by time. See Specifications, p 1358. 
Cleanliness of surface and the use of wet mixtures are probably tne best 
preventives. Water, used in scrubbing joints, should be rinsed off with 
clean water. A jet of live high-pres steam is very effective, removing even 
sawdust. Hydrochloric acid is used to advantage. Patented methods of 
securing bond, at joints, include the use of metallic binders, with their ends 
left projecting from the older surf, to bond with the newer. Another method 
employs a layer of prepared honey-comb slag, sprinkled over the still soft 
older surf; loose slag being removed after the hardening of the older surf and 
before the placing of the newer material. 

111. Where cone is used in reinforcing; and protecting old atone 
niANonry, a stone should be removed here und therefrom the old masonry, 
and the joints cleaned out and washed. Key-bolts, with large washers on 
their heads, may also be driven into the face and left projecting into the con¬ 
crete. The cone should also be carried far enough down the back of the 
wall to prevent water from working down into the horizontal joints on the 
tops of the wing walls and main walls. 

Ramming;. 

112. Ramming of cone is necessary only with relatively dry mixtures. 
When properly done, it consolidates the mass about 5 or 6 %, rendering it 
less porous, and very materially stronger. For rammers, see spec’ns, p 1357 
The men, using them, if standing on the cone, should wear gum boots. 

113. Under nater, ramming can be done only partially, and when 
the cone is enclosed in bags. A rake may be used gently for leveling loosely 
deposited cone under water. 

114. Ramming should be discontinued before setting commences. Ex¬ 
cessive ramming disturbs the homogeneity of the cone. 

Placing under Water. 

115. Concrete may readily be deposited under water in 

the usual way of lowering it, soon after it is mixed, in a dredge bucket, or in a 
V-shaped box of wood or plate iron, with a lid that may be closed while the 
box descends. The lid, however, is often omitted. This box is so arranged 
that, on reaching bottom, a pin may be drawn out by a cord reaching to 
the surf, thus permitting one of the sloping sides to swing open below, and 
allow the cone to fall out. The box is then raised to be refilled. In large 
works the box may contain a cu yd or more, and should be suspended from 
a traveling crane, by which it can readily be brought over any required spot 
in the work. The cone may if necessary be gently leveled by a rake soon 
after it leaves the box. Its consistency and strgth will of course be impaired 
by falling thru the water from the box; and moreover it cannot be rammed 
under water without still greater injury. Cone has been safely deposited 
in the above-mentioned manner in depths of 50 ft. 

* 116. The Tremie, sometimes used for depositing cone under water, is 
a box of wood or of plate iron, round or square, open at top and bottom, 
and of a length suited to the depth of water. It may be about 18 ins diam. 
Its top, which is always kept above water, is hopper-Bhaped, for receiving the 
cone more readily. It is moved laterally and vertically by a traveling 
crane or other device suited to the case. _ In commencing operations, its 
lower end resting on the river bottom, it is first entirely filled with cone, 
which (to prevent its being washed to pieces by falling through the water 
in the tremie) is lowered in a cylindrical tub, with a bottom somewhat like 
the box described in H 115, which can be opened when it arrives at its proper 

E l ace. When filled, the tremie is kept so by fresh cone, thrown into the 
opper to supply the place of that which gradually falls out below, as the 
tremie is lifted a little to allow it to do so. The weight of the filled tremie 
compacts the cone as it is deposited. A tremie had better widen out down¬ 
ward to allow the cone to fall out more readily. 

117. The area upon which the cone is deposited must previously be sur¬ 
rounded by some kind of inclosure, to prevent the cone from spreading 
beyond its proper limits; and to serve as a mold to give it its intended shape. 
This inclosure must be so Btrong that its sides may not be bulged outward &>' 
the weight of the cone. It is usually a close crib of timber or pi?*® ir°“ 
without a bottom; and will remain after the work is done. If of timber n 
may require an outer row of cells, to be filled with stone or gravel for siwC' 
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ng it into place. Care must be taken to prevent the escape of the cone 
hrough open spaces under the sides of the crib or inclosure. To this end 
he crib may be scribed to suit the inequalities of the bottom when the latter 
•annot readily be leveled off. Or inside sheet piles will be better m some 
■tuses; or an outer or inner broad flap of tarpaulin mav be fastened all around 
he lower edge of the crib, and be weighted with stone or gravel to keep it in 
1 1 ace. on the bottom. Broken stone or gravel or even earth (the last two 
\here then* is no current), heaped up outside of a weak crib, will prevent the 
mlging outward of its sides by the pleasure of the cone. After the cone 
ius been carried up to within some ft of low water, and leveled off, the 
misonry mav be staffed upon it by means of a caisson, or by men in diving 
-uits Or, if the cone reaches very nearly to low water, a first deep course 
if stone may l>e laid, and the work thus brought at once above low water 
without any such aids. 

JIH. Tlio eomreto should extend out from 2 to 5 ft (according 
o the ease) beyond the base of the masonry. All soft mud should be re- 
noved before depositing cone. 

119. IlagN partly filled w ith concrete, and merely thrown into 
he water, are used m certain cases. If the texture of the bags is slightly 
jpen, a poi turn of the cem paste oozes out, and lands the whole into a tolerably 
•ompact mass. Such bags, bv the aid of divers, aie employed for stop- 
ntig leaks, underpinning, and various other purposes, that may suggest 
hemselves. Such bags may be rammed to some extent. 

120 . Tarpaulin may be spread over deep scams in rock 
o prevent tlie loss of cone, and, m some cases, to pi event it from being 
cashed awav by spinigs. 

121. Concrete, placed in water, should be in large batches, in order 
hat the ratio of exposed suiface to vol mav be small. In running water, 
ca<l off the flow m pipes or shutes or by means of bulkheads (for which bag 
.•one is suitable). If water is pumped out of the pit while concreting, it is 
ipt to take com with it. Observe the water flowing from the pump for in- 
Jications of loss of cem. 

122. Cone duck foundation on ruck 14 to 19 ft l>elow low water and 
'overed with mud. Laid with assistance of diver. Mud wnshed off by 
let. Rock not leveled. Wooden forms built, on rock. Spaces, under forms, 
filled with bags of cone. Forms held down by means of boxes loaded with 
Dioken stone, anchored, by wiie cables, near bottom, to neighboring piles, 
mil braced, at top, by cross pieces nailed to existing dock. Cone lowered, 
l>\ derrick, in yd bottom-dump bucket, and dumped when close to work. 
The only cem lost is the little which washes from top of bucket load as 
bucket is submerged. The work has smooth faces along the forms, and ap¬ 
pears to be perfectly homogeneous. .(JK R» ’05/Octy21, p 4(58.) 

123. Placing cone In #0 ft water, in shaft, to stop inrush of water at 
bottom of shaft. Cone fed, by hopper, into 8 inch screw-jointed wrought 
run pipe, lower end stopt with wood plug and resting on bottom of shaft. 
When the pipe was raised slightly, the plug refused to move and release 
e*mc. 

not tij, . __ 

the cone, leaving, at top of lowest section, a plug of neat cem, which pre¬ 
vented the cone, above, from pushing out the wood plug as intended. Expt 
repeated, vath tight plug. Inside the 8 inch pipe was placed a IH inch 
pipe, bv means of which the wood plug was knocked out, allowing cone to 
'lesoeml. Rate regulated by changing dist of foot of pipe above bottom 
"I shaft. Mass of cone, 30 or 12 ft thick, deposited. The upper G or 8 ins 
never set; but the remainder appeared to be solid and homogeneous. 
(W C E, Cornell Univ, Trans, 1898, p 74.) 

124. In a case where hollow iron piles, in clean sandy bottom, were filled 
with cone, some of the mortar leaked out, and formed, with the surrounding 
»nnd, masses of cone, which adhered moBt tenaciously to the piles; suggesting 
die use of hollow pile*, purposely perforated, in their lower 
portions, with smull holes, thru which grout, poured into them, at top, can 
escape into the sand. (Chas List, Jour Assn hngg Socs, March, 1903, Vol 30, 
‘No 3, p 124.) 

125. Superior Entry, Wis. Mixer discharges into a *ub-hopper, with 
a cut-off shute, which discharges into depositing buckets on care under th« 
plutform. Upon reaching the work, the buckets are lowered into the sub 


Pipe withdrawn, taken apart, and each section emptied. Plug, 
it. had allowed lowest, section to fill with water, which disintegrated 
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110. Remedies. Many remedies have been proposed, advertised and 
used, but none has been fully tested by time. See Specifications, p 1358. 
Cleanliness of surface and the use of wet mixtures are probably tne best 
preventives. Water, used in scrubbing joints, should be rinsed off with 
clean water. A jet of live high-pres steam is very effective, removing even 
sawdust. Hydrochloric acid is used to advantage. Patented methods of 
securing bond, at joints, include the use of metallic binders, with their ends 
left projecting from the older surf, to bond with the newer. Another method 
employs a layer of prepared honey-comb slag, sprinkled over the still soft 
older surf; loose slag being removed after the hardening of the older surf and 
before the placing of the newer material. 

111. Where cone is used in reinforcing; and protecting old atone 
niANonry, a stone should be removed here und therefrom the old masonry, 
and the joints cleaned out and washed. Key-bolts, with large washers on 
their heads, may also be driven into the face and left projecting into the con¬ 
crete. The cone should also be carried far enough down the back of the 
wall to prevent water from working down into the horizontal joints on the 
tops of the wing walls and main walls. 

Ramming;. 

112. Ramming of cone is necessary only with relatively dry mixtures. 
When properly done, it consolidates the mass about 5 or 6 %, rendering it 
less porous, and very materially stronger. For rammers, see spec’ns, p 1357 
The men, using them, if standing on the cone, should wear gum boots. 

113. Under nater, ramming can be done only partially, and when 
the cone is enclosed in bags. A rake may be used gently for leveling loosely 
deposited cone under water. 

114. Ramming should be discontinued before setting commences. Ex¬ 
cessive ramming disturbs the homogeneity of the cone. 

Placing under Water. 

115. Concrete may readily be deposited under water in 

the usual way of lowering it, soon after it is mixed, in a dredge bucket, or in a 
V-shaped box of wood or plate iron, with a lid that may be closed while the 
box descends. The lid, however, is often omitted. This box is so arranged 
that, on reaching bottom, a pin may be drawn out by a cord reaching to 
the surf, thus permitting one of the sloping sides to swing open below, and 
allow the cone to fall out. The box is then raised to be refilled. In large 
works the box may contain a cu yd or more, and should be suspended from 
a traveling crane, by which it can readily be brought over any required spot 
in the work. The cone may if necessary be gently leveled by a rake soon 
after it leaves the box. Its consistency and strgth will of course be impaired 
by falling thru the water from the box; and moreover it cannot be rammed 
under water without still greater injury. Cone has been safely deposited 
in the above-mentioned manner in depths of 50 ft. 

* 116. The Tremie, sometimes used for depositing cone under water, is 
a box of wood or of plate iron, round or square, open at top and bottom, 
and of a length suited to the depth of water. It may be about 18 ins diam. 
Its top, which is always kept above water, is hopper-Bhaped, for receiving the 
cone more readily. It is moved laterally and vertically by a traveling 
crane or other device suited to the case. _ In commencing operations, its 
lower end resting on the river bottom, it is first entirely filled with cone, 
which (to prevent its being washed to pieces by falling through the water 
in the tremie) is lowered in a cylindrical tub, with a bottom somewhat like 
the box described in H 115, which can be opened when it arrives at its proper 

E l ace. When filled, the tremie is kept so by fresh cone, thrown into the 
opper to supply the place of that which gradually falls out below, as the 
tremie is lifted a little to allow it to do so. The weight of the filled tremie 
compacts the cone as it is deposited. A tremie had better widen out down¬ 
ward to allow the cone to fall out more readily. 

117. The area upon which the cone is deposited must previously be sur¬ 
rounded by some kind of inclosure, to prevent the cone from spreading 
beyond its proper limits; and to serve as a mold to give it its intended shape. 
This inclosure must be so Btrong that its sides may not be bulged outward &>' 
the weight of the cone. It is usually a close crib of timber or pi?*® ir°“ 
without a bottom; and will remain after the work is done. If of timber n 
may require an outer row of cells, to be filled with stone or gravel for siwC' 
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lion of the forms, and exposing the clean stone and sand of the cone. A few 
rubs of an ordinary house scrubbing brush, with a free flow of water to cut 
ind to rinse clean, suffice; but a little additional rubbiug improves the effect. 
Hie necessity for early removal of the forms, when this method is used, 
necessitates special care in their construction, increasing their cost. When 
ippbed to surfaces forming square corners, the projecting sand particles 
nreduce a ragged effect. Hence care should be taken not to extend the 
treatment to such corners. 

130. An effect similar to that obtained by Mr. Quimby's method, mav be 
produced, after hard set, by washing with an acid Notation, which 
is afterward removed by the use of an alkaline wash, followed by water. 
This method attacks limestone m the agg. 

137. Color effect* are best produced by using agg of the desired color. 


138. The difficulty of making oil paint adhere to fresh cone 
-uirfs is due to moisture ami free lime. A wash of dilute acid neutralizes the 
lime, but is unsatisfactory, muriatic (hydrochloric) acid forming highly 
livgroscopic salts, such as calcium chloride, and sulfuric acid having only a 
ruiperhcial effect. Dissolve 10 lbs ammonia carbonate (salts of hartshorne) 
in 4. r > gals water, and apply once with a brush, or give several coats of a 
weaker solution, or apply as spray. The ammonia is liberated, and the 
carbonic acid forms, with the free lime, an insoluble carbonate, which 
Mion becomes dry and hard. After exhaustive trials this was found the 
inily method which satisfies every requirement. The amm carb keeps, for 
any length of time, in fairly tight vesesls. (Fred J. Bosse, “Cement 
Age,” '09/Jan, p 48.) 


PROPERTIES OF CONCRETE. 

Weight. See Voids, p 1256, and Density, p 1257. 

1. Weight* of concrete, in pound* per cubic foot. 
Broken Ntone or gravel concrete, 130 to 160; ordinarily 140 to 150.+ 

One foot B M = vol of a solid 1 ft square and 1 inch thick, — 144 cu ins =» 

! cu ft/12. 

144 lbs per cu ft = 1 lb per 12 cu ins == 1 lb per prism 1 inch square and 
12 niches long. 

Hence, at 144 lb* per cu ft, the wt of any prism in pounds =» area of 
rriws section in square inches, multiplied by length in feet, = vol in cubic 
inches/12. 

WUbs/cuft. 100 110 120 125 130 140 150 160 

Kilograms/cu meter.... 1600 1760 1920 2000 2080 2240 2400 2560 

Cinder concrete, . 110 to 120; 

SandNtonc ** 143 

iiinicNtone “ 148 

tiravel 150 

Trap “ 155 

With natural cem, 4 to 5 lbs lighter per cu ft 

2. The unit weight varies not only with character of constituents, but 
also with proportions, consistency, degree of compacting, etc. 


Permeability. 


3. Even where the primary object of the cone is not the prevention of 
peieolation by water, impermeability is of great importance in promoting 
•he durability of the cone, and especially in protecting metal reinfmt from 
corrosion and from loss of adhesion with the cone. 

4. Water may pass thru cone, etc, so slowly that evaporation, from the 
outside, proceeds more rapidly than the water can reach it, so that the out¬ 
side of the wall may appear dry. altho percolation is actually taking 
place. 


*144 lbs per cu ft -12 lbs per ft B M (Board measure). 
120 .- 10 “ “ “ “ 
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5. When made into hardened mortar, well trowelled down on all surfaces 
which come into contact with water, neat cement is as nearly lm. 

r rateable as the best of natural rocks used for building purposes. (Wm, 
Fuller, Trans, A S C E, Vol 51, pp 133-4, Dec 1903.) 


6. Mortar or cone, so proportioned as to obtain the max praetlen* 
ble density, and mixt rather wet, is imjicrvious under ordinary conditions. 

7. Small blocks of cone, carefully made from materials so graded as tu 
insure great density, or with an excess of cem, have been repeatedly found 
to be as nearly impervious as the best natural stones. See Expts, p 1306. 

8. In larjfC masses, in actual construction, it is difficult, to produce 
an absolutely tight structure without the addition of a lining- of material 
more nearly impervious than the cone. Variations m the mixture, careless¬ 
ness in manipulation or placing, or in bonding betw successive days’ works 
(an hour’s interruption, in the middle of a hot day, has been known to cause 
leakage), or insufficiency of water, will render cone permeable, in spite of 

t iroper theoretical proportioning and the addition of inne. The mix should 
>e at least wet enough to settle into place with but little ramming 

9. Cone, impelvious in itself, may develop cracks thru which water 
may permeate. Reinfmt, projierly placed, opposes 6uch cracking. 

10. Water may permeate thru the mortar, thru the particles of agg, or 
betw mortar and agg. Probably most of the percolation takes place thru 
the mortar. See Mortar. We here deal with those aspects of permeability 
which can better be discussed in connection with the cone as a composite 
material. 

II. When the leakage consists of mere percolation thru the infinite 
pores of cone, etc (t e, when there aie no actual fissures), leakage gen¬ 
erally diminishes with use, the water (even when apparently clear) blocking 
its own passage by depositing, in the pores of the material, either its own 
natural sediment, or (in the form of “laitancc”) lime and other compound* 
dissolved out of the cone itself. 

12. This action depends upon many factors, notablv the pressure, the 
sizes and shapes of the pores, the hardness and solubility of the material, 
and the character of the sediment cuined by the water. Thus, under high 
pres, if the material is easily scoured, oi if the pores are large and relatively 
straight, leakage may be expected to inciease, rather than dimmish, with 
time. 

13. Where the nature of the case permits, as in floors, retaining walls, etc., 
it is better to lead the water off by proper drainage, than to attempt to 
block its passage by rendering the structure watertight.. 

U. Where watertiglitneNN Ik required, as in dams, the cou 
stituents must be carefully propoi turned for max density, there must be an 
excess of nch mortar over vol of voids, dry mixtures should be avoided, the 
mixing must be thoro, and the construction should be, as nearly as possible, 
monolithic. 

15. The application of waterproofing material** may be either (a) 
internal, mixt with the ingredients of the cone, (b) supeihcial, falling the 
pores near the surf; (c) external, pre\enting contact betw water and com- 

16. Internal. For water tight work, the vol of mortar should be 40 to 
45 % of the vol of agg, or 40 to 42 % if the agg is graded. (Qeo. W. Rafter, 
Trans, ASCE, Vol 42, p 149, Dec 1899.) 

17. With agg having 35 % voids, the vol of mortar should be < 50 % 
of vol of agg; vol of dry sand and cem < % vol of agg; vol of sand > 
2 X vol cem. For cem leaving > 10 % on No. 120 sieve, ordinary sands, 
and agg with 35 % voids, the following proportions are given: 


cem 

sand 

agg 

(sand + agg) 

1 

1.0 

3.00 

4.00 

1 

1.5 

3.75 

5 25 

1 

2.0 

4.50 

6.50 


See Plain Concrete, ^ 22, p 1256. 

18. Every particle of Band must be coated with cem, and every particle 
of stone with mortar, so that the stones or the sand grains do not touch. 

19. To insure this result, mix by means of one of the newer types of ma' 



chine, introducing first the measured quantity of water and then the cem, 
making a liquid grout which will run easily into the most minute voids of 
the sand, which, being next introduced, becomes coated in the shortest space 
of time. The resulting mortar is still quite liquid, and flows into all the voids 
of the stone. (Win. a. Fuller, Trans A S C E, Vol 51, p 135, Dec 1903.) 

For the use of lime, see Expt. 82 a, p 1346. 

20. In making thin slabs with a cone of 2 parts cem to 5 of fine bitumi¬ 
nous ash, remfd with poultry mesh, Mr. W. K. Hatt (Trans, A S C E, Vol 51. 
p 129, Dec 1903) employed a 5 % solution of ground alum, in place of one hall 
!if the gaging water, and a 7 % solution of soap in place of the other half. 
This strengthened and hardened the ash cone by about 50 and diminished 
Us absorption b;. about 50 %. The soap solution alone diminished absorp- 
t ion, but did not strengthen the cone. Sand mortar was not greatly strength¬ 
ened by the »oap and alum treatmt, but its absorption was dimin¬ 
ished about 50 %. 

21. If joints are inevitable, they may be first wet, and then covered with 
neat cem paste or 1 : 1 cem mortar, upon which the new work is to be placed 
licfoie the binding course hardens. 

22. The permeability of cone linings of aqueducts &c may be diminished 
by drilling holes thru them and forcing In grout behind them by 
means of grout pumps. The grout sometimes appears at many points, 
indicating that it is passing not only thru the cracks but also thru the 
body of the cone. This method was successfully used in the Torresdale 
filtered water conduit, Philadelphia. 

23. Superficial. For plastering the inside of a covered clear water 
well, Mr. Edwd Cunningham used 1.25 lbs of soft soap for each 5 buckets of 
water, and 3 lbs of alum per bag of cem. The mortar was easy to handle wit! 
the trowel, but had a nauseating odor. 2 coats, not more than 0.5 inch in 
all. 18-inch dividing wall showed no leak when one side held 16 ft of water, 
l’hc soap was made of clarified fats, and cost 7.5 cts per lb; much too high. 
With 1 part cem to 2 parts sand, 6 to 9 gals of water and 12 lbs of alum were 
required for each bbl of cem. (Trans, A S C E, Vol 51, pp 127-8, Dec 1903.) 

24. As an external treatment, Mr. Richd H. Gaines, New York Board 
of Water Supply (Trans, A S C E, Vol 59, p 160, Dec 1907) found the 
Sylvester soap and alum process (p 928), “fairly effective, but 
very expensive for large work.’' 

23. Asphalt can be successfully applied only to dry surfaces. It 
becomes brittle and loses its efficiency upon oxidation; but it will often 
prevent leakage until the structure has become tight thru infiltration. 
See 11, p 1272. 

26. The cone surface must be clean, and must first be treated with a 
lhin wash of liquid asphalt, thinned with benzine. This enters the pores 
uf the cone, and acts as a binder. Without this, the asphalt coating will not 
adhere to the eonc. 

27. Asphalt coatings should -be made continuous, and should be pro¬ 
jected against decay, from creeping and from abrasion, by being placed 
between alternate layers of cone, or by being covered with brickwork or 
masonry. 

25. Tunnels, subways and basements, below water level, have been 
thoroughly waterproofed by continuous layers of heavy roofing papers, 
well mopped with tar or asphalt, and placed between outer and inner cone 
v\ alls. 

29. The two basins of Queen Lane reservoir, Philadelphia, originally 
lined with cem cone on sandy clay puddle, and holding 383 million gals of 
water 30 ft deep, wore re-linea with Bermudez asphalt in 1896-7. The floor 
received 2 inches of asphalt cone, with a thin top layer of hot liquid asphalt; 
the slopes, two layers of hot liquid asphalt, with burlap between them; the 
burlap being anchored at top by being lapped around horizontal iron or 
wooden bars, let into the asphalt paving. While this work was in progress, 
the south basin of the Roxborough reservoir (147 million gals, 25 ft deep) 
was similarly lined. In the north basin, Alcatraz (California) asphalt was 
used, and the slopes, as well as the sides, were treated with asphalt cone. 
All four of these basins have since been in continuous use, without sensible 
leakage. 


45 
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Elastic Modulus, E. 


i 111 12 and 13, p 127a 


SO. When cone ia subjected to compressive test, its stress-strain diagram 
IB in general curved throughout its length; its elastic modulus, 


stress, per unit of area_ 
shortening, per unit of length 


, diminishing as the stress increases. 


strength. 

31. Cone being weak in tension, and brittle, its ten«ile strength 
usually and properly neglected: dependence is placed chiefly upon 
comp strgth, and its tensile and shearing strgths are usually exprest 
fractions of the comp strgth. 

32. The compressive strength is preferably determined experi¬ 
mentally by means of cubic specimens. The unit comp strgth decreases 
when the ratio, length/side, increases, and, in similar specimens, when 
their dimensions increase. 

33. Cone prisms, tested in endwise compression, usually fail 
by shearing on planes oblique to the axes of the prisms. Upon these oblique 
planes, the unit shear is about half the ult comp stress. 

34. The strgth varies widely with the character of the cone 

33. For 12 inch cubes of Portland cem mixtures having from 6 to 18 
volumes of (sand + agg) to 1 vol cem, Mr. Edwin Thacher deduces, 
from the data of Expt 18 a, the straight-line formula, 

S - M — N X 

where 


S - ult comp strgth, lbs per sq inch; 

X =“ No of parts of sand to 1 part cem; 
M and N — values as below: 


Age =■ 7 days 

1 month 

3 months 

6 months 

M - 1800 

3100 

3820 

4900 

AT - 200 

350 

460 

600 


Mr. Thacher holds that, for practical mixtures, “the strgth of cone de¬ 
pends principally on the. strgth of the mortar, and not, to any great extent, 
upon the amount of stone.'’ In these tests, the vol of stone was always 
twice the vol of sand. 

38. But few tests have been made to determine the tensile strengt h 
of cone. It is usually taken as approximately from one-tenth to one-eighth 
the comp strength, and the shearing strength as from 1.2 to 1.5 times 
the tensile. 

37. Prof. L. J. Johnson (Jour, Assn Eng Socs, Vo! 38, No 6, p 310, June, 
1907) tested 25 reinfd beams, 3 ins X 9 ms X 8 ft, loaded 6 ms from each 
support; 19 of the beams were of 1:2:2% scaly trap; 6 of 1 ■ 2.5 : 5. 
All the beams failed by slip of reinimt: the 1:22% beams, 
137 to 143 davs old, successfully resisted shears of 233 to 573 lbs per sq in, 
iv 470; and the 1 : 2.5 : 5 beams, 488 to 750; av 628. 

38. In beams, owing to the rising of the neutral axis, under loading, 
the nit unit fiber stress, or rupture modulus, is about 1.6 X the unit 
tensile strgth. 


Betting. 

39. Setting is of course a function of the cement mate. See Mortar. 
iVe here treat of setting, as affecting the cone as a composite b')dv 

40. Temperature. In hot weather, cone sets very much faster than in 
cool weather, and the load mav therefore be applied sooner in h >t weather; 
but the time required varies with the class of structure and of cone. 

41. Gradual loading. Where the loading is static or gradually increased, 
the time may be shorter than where the load is applied suddenly or is sub¬ 
ject to impact. 

42. “As a general rule, bridge abutment* and pier* of Portland 
cem cone should be allowed to set at least a month before using, if built 
during ordinary warm weather. If built during cold weather, their use 
should, if possible, be deferred until warm weather sets in." (tf. A. Rogers, 
RR Gaz, 'OO/Jul/27. p 514.) 
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43. Steel girder spans have been placed upon Portland ccm eonc abut¬ 
ments without injury 2 weeks after the completion of the abuts in hot 
weather; but work of the same character, finished early in Dec, waa found 
not very solid inside, early in the following March. 

Effect!* of Heat and Cold. 

44. Freezing nearly always damages nat cem mortar or cone to such 
an extent that it must be replaced by new material. 

45. With Portland cem cone, freezing 1 suspends the setting 

and hardening of the mortar, for the length of time during which the material 
has been frozen. The apparent loss of strgth, in frozen specimens, may often 
be due merelv to such delay in setting. 

46. While freezing seldom results in material reduction of the ult strgth 
of Port cem cone, yet it may produce serious result* by giving the 
cone an apparent hardness; thus causing the premature removal of forms, 
or the imposition of undue loads, which may produce failure when the cone 
thaws out, if it had not already set sufficiently before being frozen. 

47. If, soon after the mortar, thru the entire thickness of a wall, is 
frozen, the sun shines on one face of it, so as to Boften the mortar of that face, 
while the mortar behind it remains hard, it is plain that the wall will be 
liable to settle at the heated face, and at least bend outward if it does not 
fall. 

48. If the freezing does not take place until after the cem has taken its 
initial set., there is little danger. Thin work should not be done at < 
28° F on a rising, or at < 32° on a falling temp. 

49. A thin ftcale is likely to crack from the surface of cone walks or 
walls which have been frozen before the cem has hardened. Granolithic or 
troweled finish sometimes spalls up in small patches, when frozen. 

Protection. 

50. Protection against freezing is expensive and uncertain. 
Hence the placing of cone in freezing weather should be avoided when possible. 

51. Iloutting and heating the finished work. Tents or screens 
may be used; but wooden sheds are more effective. 

52. Covering the cone, as soon as placed, with canvas, cem bags or tar 
paper, or with a thick layer of sand, straw, manure, sawdust or other poor 
heat-conductors. Straw should be < 1 foot deep. Manure is the best, but 
it discolors the work. Canvas etc should be kept an inch or two away from 
the cone, leaving an air space. Otherwise use two layers. 

53. Healing the material!*. Stone is frequently heated by piling it 
over a pipe or improvised oven, and building a fire inside; or over a coir of 
pipe containing numerous small holes, and then forcing steam thru the pipe. 
The cone must be used before the steam is condensed and frozen. Sand is 
heated over a long sheet iron stove. 

54. Lowering the freezing point of the mixing water, 

bv the addition of chemicals. 

53. Salt is the cheapest and most commonly used material. It loweVs 
the freezing point about 1.5° F for each 1 % salt added to the water. A 
10 % solution (12 lbs salt per bbl of cem) reduces the freezing point to 17° F 
and does not injure the strgth of the cone. For 32° F, dissolve 1 lb salt in 
18 gals water; add 3 oz salt for each 3° below 32° F. (Ch of Engrs, U. S. A. 
Keport, 18J5.) Larger percentages of salt appear to weaken the cone. 

56. Calcium chloride, 15% solution, or 1.25 lbs per gal of water, 
lowers the freezing point to about 20° F, and does not weaken the mortar. 
It rapidly absorbs moisture, and it is possible that, if ground dry with the 
Portland cem clinker, even to the amount of 0.5 %, it would cause the ma¬ 
terial to gather dampness. The chloride dissolves with extreme rapidity 
and may be added to the mixing water. (Prof. R. C. C.arpenter, Cornell 
Umv, Sibley Jour of Eng, Jan 1905.) 

57 The major portion of a pile of sand or stone may be in condition for 
use altho the surface is frozen. 

58. In winter, we may reduce the area* of the exposed layers of 
the work, by placing the bulkheads closer together. A day’s work will then 
run to a greater elevation, and will necessitate the use of stronger forms. 




1276 


CONCRETE. 


1SH. Mortars, placed in open air, are more or leas Injured, hr 
drvinir instead of setting, when the temperature exceeds about. 65 to 70®; 
hift y if mfxe" only in small quantities at a time, and quickly laid in masonry 
of daraS 1 “one, 90 as to be sheltered from the air the injury is muck 
reducST The sand and stone should both be damp, not wet, in hot weather 
and a hki,' more water may be used in the cem Jiaste, also, if possible, not 
only the mortar, while being mixed, but the masonry also, should then be 
shaded. 

Expansion. i 

an in variable climates, caat iron cylinders, filled with 

onn crete are frequently split horizontally W unequal expansion and 

For expansion r ocflh. see Reinforced (tone, 1! fl, I> 1278. 

.1 rwlm and iointM. In abutments or culverts oyer Ml ft long, 
divide the wall into sectionsof about 40 ft, and brush uEre|ula'r 

ginning the other. Contraction wUI ^ avoided. Short sections may 

r^a l iu"rever^s lt the t> hardemng^*proceM^nd disintegrates the material. 

Chemical Effect*. 

P M. Sea wiier‘has I3rent^u^^ 

“ S^rtarn^'irtt;^^ in part. to 

fre #8. n Deswetiv action upon cone by. eleetrolyato appear, to be due to 

containing fat acids appear to injure cone. J. C. . r . 

78. Sulphurous and sulphuric acid |ta»e*. combined with moisture, 
rode cone, especially if heated^ _____ 

*j7cT Reportof Joint Comin.A SC EAST M, Am Ey Eng & M * 
A«n Auot. r.f Am Port Cein Mfrs. 09. Jan. 
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Testa of Concrete in place. 

73. Tests of concrete in place may be made by analysis of a core 
of cone, obtained with a core drill,* using chilled steel shot for cutting. 
The bore holes are afterward grouted.f 

74. The ratio of cement to sand, in the mortar, is found by 
means of the amounts remaining undissolved in hydrochloric acid; sand 
and cem, of the kinds used, and mortar, taken from the core, being tested 
separately in this way. (Prof. R. L. Wales, in E N, ’08/Jan 9, p 46.) 

75. The ratio of mortar to stone, in the cone, is found (1) by 
actual separation and by weighing the stone and the mortar separately, or 
(2) by ascertaining separately, and comparing, the specific gravities of the 
{.tone', the mortar, and the cone. 

* Made by Cyclone Drill Co., Orrville, 0., including small drills, worked 
k\lJ. C. Cope, in K N, ’08/Jan/O, p 41. 
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REINFORCED CONCRETE. 

1. The tensile and shearing strengths of cone are low as compared with 
its comp strgth. Hence metal rods or shapes are embedded in cone struc¬ 
tures ic those portions subject to tensile and shearing stresses, and in such 
positions as to take those stresses. 

2. Eaes. Reinfmt is used chiefly in the tension-sustaining portions of 
beams and girders, (including floor-slabs), cols, walls, retaining walls, dams, 
etc; but it is useful also in many other cases; as for preventing hair cracks 
in surfaces, for which purpose a light web of metal (wire mesh expanded 
metal, etc) is placed a few inches back from the face; for preventing fracture 
due to unavoidable sudden changes in cross-section; for joining walls meet¬ 
ing at an angle and liable to settle aw'ay from each othei; and in culverts, 
enabling them to withstand hor tension due to the outwaul pressure of the 
embankment. For this purpose old chains may be used, or light rails, with 
bolts driven thru the bolt-holes, to increase adhesion. 

а. Safety. Modern reinfd cone buildings are practically monolithic, and 
therefore more rigid than skeleton steel construction. 

4. On the other hand, in the steel building, the details are more accurately 
worked out, and the work is usually erected by skilled men, often employed 
by the steel mfrs; so that there is but little chance of damage to the material 
in erection; whereas, in reinfd cone work, the best material may be injured 
in the using, and the work thus rendered unsafe. 

5. Good cone protects imbedded steel from eorrosion. both above and 
below fresh or sea water level; but water may penetrate porous cone and 
corrode the metal. Cone laid very dry is apt to be porous. 

б. The steel, used in reinfg cone, has its ult strgth usually betw 50,000 
and 70,000 lbs per sq inch, and its elastic limit between 25,000 and 35,000 
lbs per sq inch, but cold working may raise the elastic limit to 40,000. oi 
50,000 lbs per sq inch. “Deformed ” bars are often rolled of steel with much 
higher elastic limit (50,000 to 65,000 lbs per sq in claimed) for the sake of 
economy of steel; but see Bar Reinforcement, pp 1290, etc. As in rolled 
iron and steel in general, the elastic modulus may be taken as averaging 
approximately 30,000,000 lbs per sq inch. Sefe 111. 

7. Concrete. In general the necessity oY working the cone around the 
reinfg bars requires that the agg for the cone in reinfd work shall be smaller 
than would be permissible in unreinfd mass work; and the vital importance 
of adhesion requires that all the materials for the cone shall be of the best, 
and the mortar not too lean or too dry. 


Expansion, Contraction, Etc. 


8. The nhrtnkaKC of cone, while setting in air, produces comp stress 
in the reinfmt and tensile .stress in the cone itself. Setting under water, the 
expansion of the cone produces the opposite effects. 


9. The linear expansion coefficient, a, of a material, is that fraction 
of its original length which a bar of it gains or loses for each degree of change 
in its temp. Approximately: Per degree, 

Centigrade Fahrenheit 

In steel.10,000 a = 0.117 0.065 

Inconcrete.10,000 a =* 0.108 0.060* 


10. The large number of reinfd cone structures which have been exposed, 
for years, to wide extremes of temp, without injury thru difference in ex¬ 
pansion, confirms the results of expeiiments, quoted above, as indicating 
that the,diff, betw the expansion coefficients of the two materials, is negli¬ 
gible 


Elastic Moduli™. 

II. The elastic modulus, E^, of rolled iron and Klecl, of all 

kinds (p 460,) is remarkably uniform and constant, ranging ordinarily betw 
27 and 31 (av, say 30) millions of lbs per sq inch = approx 1.9 to 2.2 (av, 
say 2.1) millions of kgs per sq cm. 


*W D. Pence, 1:2:4 cone, Jour Westn Soc of Engrs, 1901, Vol. 6, 
p. 549, 10,000 a « 0.055 Fahr, results nearly uniform. Columbia Uiriv. 
1:3:6 cone, 10,000 a « about 0.065 Fahr. 
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12. On the contrary, the elastic modulus, E^, of concrete varies 
widely, not only as betw diff mixtures differently manipulated, and betw diff 
specimens made under like conditions from like materials, but in one and 
the same specimen under diff intensities of loading; so that, in statins the 
results of expts, it is usual to specify the range of umt stress within which the 
observations were made. 

12. In atone concrete, E e ranges from 1.5 to 4 (av, say 3) million 
lbs per sq inch, =* 0.1 to 0.28 (av, say 0.21) million kgs per sq cm. See 
Expt 81 o, p 1172. In cinder cone, E c is ordinarily from 20 to 50 % 
less than in Btone cone. See H 30, p 1274. 

14. The ratio, n (sometimes called r and ft), = betw the elas¬ 

tic moduli of steel and of cone respectively, is usually taken betw 10 and 
15 for stone cone, with higher values for cinder cone. See Specifications, 
11 107, p 1363. Owing to the variability of E c (see 11 12), it cannot be a 
constant quantity, even during the range of a single experiment carried 
from zero load to rupture. 

15. The ratio, n, is, however, of constant and important use in all cal¬ 
culations respecting the mutual behavior of couc and steel. 

16. Considfere’s experiments (Expt 16 o, p 1314) seemed to show that 
cone, when reinfd (being constrained, by its adhesion to the steel, to share in 
its movemts), actually underwent, without fracture, far greater elonga¬ 
tions than were possible in unreinfd cone, but later expts (36, 38,81 e, 81/), 
in which the cone surface was more closely observed have indicated that 
the supposed elongation of the cone was m fact due to the formation of 
cracus which had before escaped observation. If the adhesion, betw the 
cone and the steel, is uniform, the cracking must be evenly distributed over 
the area of contact, and the cracks must therefore be very numerous and very 
fine, probably so fine as not to endanger the materials thru the percolation 
of water. 


Adhesion. See H 58, p 1294. 

17. With rich ami wet mixtures, such as are used in reinfd con¬ 
struction, the cem adheres very closely to the steel. 

IS. After the adhesion proper has been overcome, the removal of the 
steel from the cone is still opposed by friction betw the two. 

19. Upon the ability of this adhesion and friction to resist the forces tend¬ 
ing to overcome them, depends of course the safety of the structure. 

26. Both adhesion and friction, and particularly the friction, are greatly 
affected by the character of the cone and by its behavior under stress and 
under temp changes, by the method of testing, etc. 

21 In direct lesls for adhesion. whether the steel is pulled or 
pushed, the cone is always under comp, which causes some lateral'expan- 
sion ot the cone, and therefore increased pressure upon the reunfmt. Hence, 
the adhesion may be found higher than (other things equal) m beams, where 
this condition does not obtain. 

22. On the other hand, where the hor remfg bars, in a beam, are bent 
upward, near the ends, and pass up into the region of compression and (as is 
oiten the case) to a point over the support, the high pressures upon the bar, 
in those portions, may give it greater adhesion, as a whole, than could be the 
case with a straight bar under direct test. 

23. With great lengths of imbedment, the stretch, in the steel, 
under high tensile stresses, may be such as to contract the steel laterally, 
sufficiently to reduce adhesion. Hence, tests where the steel is pushed into 
the cone, show higher adhesions. 

24. Ultimate ad h on ion. In general, expts (see Exnts 64 a, b) 
give, as the ultimate adhesion of good cone to plain round rods, from 200 
to 300 lbs per sq inch of’contact surface. With smooth round rods, in a 
beam, Kletnlogel (Beton und Eisen, 1904, pp 227 et seq) obtained 560 lbs 
Per sq inch. The conditions of practice generally differ greatly from those 
obtaining in the laboratory. 

25. Working' bond stress. In beams subject to Bhock, about 50 lbs 
per sq inch; for quiet loading, about, double this is sometimes allowed See 
Specifications, 1111 113-115. 
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REINFORCED CONCRETE COLUMNS. 

1. A concrete column usually has longitudinal steel rods embedded, 
near the circumference, thruout its length. If there is no deflection, and no 
slip between the concrete and the steel, the two materials must shorten 
equally under load. Hence (p. 458, Eq (3) ) if L — original length, l -= 
change of length, a g and « c = cross section areas; 8 g and — unit stresses, 
E s and E Q ~ clastic moduli, of steel and of cone, respectively; we have 

, C -K'UL .(1J 

and, since l/L is necessarily the same for both materials, 

V*c - E i IK c - »: *, ", »...(2) 

and 

total stress m steel — a s s g = a s » t . n .(3) 

“ “ " cone = a £ * t .(.4J 

" “ “ column ■=* P -» a g « s + a c « t -= « t (a f + a g »)...(5) 

a L I‘/a ( - a s n .(6) 

-= P/(a c + a s m.(7) 

2. Example. A squaie cone col 16 ins X 16 ins, 12 ft long has, em¬ 
bedded in eacn corner, a mu ad steel rod 1 inch diam; cross section area of 
each rod = 0.785 sq inch. Permissible unit comp stress, s £ , on concrete, -= 
500 lbs per sq inch. Required the load which may be carried by the col. Here 

Area, a s , of steel •= 4 X 0.785 -= 3.14 sq ins; 

Area, a ( , of cone — 16 X 16 — 3.14 — 253 sq ins; 

E a - 30,000,000 lbs per sq inch; 

E c = 2,500,000 lbs.; 

» - E t IE c - 12, 

Total stress taken bv cone =* a f =» 253 X 500 = 126,500 lbs 

“ *.steel ~a g 8 c n « 3.14 X 500 X 12 -= 18,840 lbs 

“ “ “ “ column.145,340 lbs 

3. Here the steel takes 100 X 18,840 - 145,340 — about 13 % of the 
entire load, a safe proportion. This proportion should not exceed 20 %, or, 
at most 30 %. 

4. A convenient rule is to count each sq inch of steel, in cols, as 
worth n sq ins of concrete. 

5. Conservative designers load cone cols approximately as follows: 

Mixture 

Length 1:1.5:3 l :_2_: 4 I : 2.5 :5 _1^3: 6 

diam p — P/a - Load, in lbs per sq inch. 

< 12.600 500 350 350 

12 to 18.550 450 300 300 

6. Longitudinal reinfg rods or bars are usually placed symmet¬ 
rically near the outside of the cone, and are covered by from 1% to 2 inches of 
cone. The rods should be tied together, by smaller rods or by wires, at in¬ 
tervals not exceeding the diam of the col. 

7. Specifications usually require that the aggregrate cross-section area 
Of compression rods shall not exceed from 2 to 3 % of the cross- 
section area of the col. 

8. In buildings of say three or four stories, the rods of each wee- 
tlon are bent In, near their (ops, to form a cylinder, 18 or 20 ms 
high, of smaller diam than the main cyl below; and the section next above 
fits down over this portion, so that the two sections overlap the length of 
the reduced portion. 

®. Owing to their much greater cross-section areas, and to the lower unit 
stresses in their materials, reinfd cone cols are much less liable to failure by 
deflection than are steel cols. 
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10. For ultimate load. on longitudinally reinforced con 
©ret© column* liable to deflection, we have the Raukine formula 

p - - o ~ - j- - . 

where 

P = ult total load on col; 
a = cross section area of col; 
p = P/a - ult unit load on col; 

8 =» ult. comp unit strgth of cone cubes; 

K =* L/r = length/least radius of gyration; 

Prof. Morsch gives m - 0.0001. Eiaenbetonbau, '08, p 73. 

Hooped Column*. 

11. Column* reinforced with hoop* (or spirals) of steel, or with 
web reinforcement bent into cylindrical form, show high ult strgth* and are 
largely used; but, they undergo considerable deformation before the strgth 
of the hoops is developed, the hoops acting much like a steel cylinder, 
Idled with sand, such cylinders being unable to act until the sand is com¬ 
pressed. 

12. Expts at Watertown (Tests of Metals, 1905) show that, when the col 
is subjected to loads of from 100 to 1000 lbs per so inch, the unit lateral de- 
formation is less than one-fourth the unit longitudinal deformation. Thus, 
if the col shortened 0.0004 of its length, its diam increased less than 0.0001 of 
its original dimension. 

13. From tests at the Univ of Illinois (Am Soc Testg Matls, Procs, 1907. 
p 382) Prof. A. N .Talbot derives the following formula* for the ult strgths of 
hooped cylindrical cone cols, 1:2:4, wet mixture, av age, 60 days; cols 
12 ins diam, 10 ft long. Covering, over the hoops, generally < yi inch. 
Hoops, 1 inch wide, gage Nos 8,12,16, electrically welded, spaced generally 
2 ins c. to c. Let 

V “ ult strgth of col, lbs per sq inch; 

c = ratio of hooping to cone core; 

1600 = comp strgth of cone, lbs per sq inch. 


Then, 

For mild steel, p = 1600 + 65,000 c ;.(9) 

“ higher “ p = 1600 + 100,000 c.(10) 


14. Assuming that the ult unit stress, in longitudinal col reinfmt, is 25 
limes that in the cone, the hooping gave additional ult strgth from 2 to 4 
tunes that given by longitudinal reinfmt. 

15. M. Consid^re’s expts (G6nie Civil, Nov 1902), with spirally reinforced 
cone cols, indicate that the bars, forming the hoops, should have a diam of ap- 
pioximately 1/40 of the diam of the col; that the pitch of the spirals (dis¬ 
tance between hoops) should be from H to %the diam of the col; and 
that the steel, in the hoops or spirals, adds, to the ult resistance of the col, 
24 times as much as the same weight of metal used as longitudinal reinfg. 
He gives the formula 

Ultimate total load on col = 1.5fl f c + * f (a + 2 4 A) .(11) 

where 

a c =* cross section area of col inside of spiral; 
c =* ult comp unit strgth of plain cone in short blocks; 

8 e == elastic limit of steel; 

a =* cross section area of existing longitudinal reinfmt; 

A = “ “ “ “ longitudinal reinfmt of equal wt with the 

spiral. 

1.5 a c is taken as representing the area of the entire cone cross sec. 
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Column Footings 

16. In a column footing, the stresses are analogous to those in a 
floor slab resting upon a col; but, owing to the relatively limited spread of 
the footing, the moments and shears are heavy, requiring considerable 
depth. The heaviest stresses are under the edges of the col. Hor rods, in 
the footing, are analogous to rods near the top of a beam over the support; 
t. e., thev take negative moms, and some of them should be bent upward, 
or provided with stirrups, just beyond the edges of the col. 

17. Figs 1 and 2 IT & M, pp 261, 262>. Fig 1: Two series of main 
reinfg rods, o a', 6 b', crossing at right angles under the col, with diag rods, 



Fig* 1 . Column Footing. 
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REINFORCED CONCRETE BEAMS. 

1. Cone is ordinarily from eight to ten times as strong in comp as in ten¬ 
sion. Hence, in an unreinforced cone beam of rectangular section, under 
bending stresses, failure occurs on the tension side. 

2. The ease with which steel can be embedded in cone, the practical 
equality of the expansion coeffs of the two substances, the strong adhesion 
between cone and steel and the practicability of supplementing this adhesion 
by lugs or other lateral projections from the surface of the steel, facilitate 
combinations in which the principal service of the cone is to resist comp, 
while that of the steel is to resist tension. 

». The method of manufacture of cone is such that its behavior, in a given 
case, is less certain than that of steel. 

Owing to this and to uncertainty, as to the degree of adhesion betw cone 
and steel, on which their united action depends, the theory of such beams 
is at once more complicated and less exact than that of steel beams of eco¬ 
nomical sections. In the design of reinfd cone beams, proper allowance must 
be made for this fact, and extreme refinement is out of place. 

General Theory. 

4. Simple reinfd cone beam, of rectangular section, Fig. 1. 



Fundamental assuraptlons. 

1. Cross sections, plane before flexure, remain plane under flexure. 

2 Initial stresses (from shrinkage, etc) are neglected. 

3. No slipping occurs between cone and steel. Ilence they deform equally. 

4. The. tensile resistance of the cone is neglected. 

5. The elastic moduli, E s and E c , of steel and of cone respectively, and 
hence their ratio, n =* EJE ( , remain constrnt. 


5. Notation. Referring to Fig 1, let- 
b « breadth of cross section of beam, perp to the paper; 
d = diet from comp side of beam to cen of grav of steel; 
led — ** “ •• “ *' “ ** neutral axis; 

2 _ •* «* •• “ 14 “ “ resultant of comp forces; 

(1 -k)d ~ " “ cen of steel to neutral axis; 

d' =-- jd “ “ ..resultant of comp forces 

= leverage of resisting couple; 

2 - d'/d; 

E a = elastic modulus of steel; E r = elastic modulus of concrete; 

c a =* unit elongation of steel; ? c = unit shortening of concrete;* 

1, - unit tensile stress in steel ti l c = unit, comp stre w i n concrete;«t 


* In the ouUrmont fibers on the compression ride of thebeam. 
t /. and /.. are the actual unit stresses. See 1 Id, p 1280. 
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a* --- cross-section area of steel; ac «* b d => cross-section area 

of cone above cen of 
steel; 

T = sum of tensile stresses in steel; C — sum of comp stresses in 

concrete; 

n = En/Er = ratio of elastic moduli of steel and cone; 

p = a»/ac — ratio of stool area to that portion of cone area 
which is above cen of steel ;* 

n, = p ar — p b d. 

M» = rosistg mom, based upon the max allowable value** of f»; 

Mr= resists mom, based upon the max allowable value** oi]«; 

M = actual resisting moment = c. b d J .. 

For values of c (= M/M*) see Figs 2 and 3, pp. 1285, 1289. 


Stresses, Moments, Desip. 

tt. Figs 1 and 2g and 7 to 20 illustrate the relations existing 
between tl»e important factors, k,f g , f ( , p, M r M c and M\ when 
neither / g nor/ f exceeds the elastic limit. When they exceed that limit, see 
VI 21, 22, p 1290. 

7. In equilibrium, the bending moment of the load (see p 474) is 
balanced by the equal resisting moment of the couple composed of 
the two equal hor forces, T and C, these forces being the resultants respec¬ 
tively of the tensile stresses in the steel and of the compressive stresses! in 
the cone. 

8. The tensile stresses f g , in the steel, are assumed to be uniformly 
distributed over its entire cross section, n g , and their resultant, T, is there¬ 
fore taken as acting at the grav cen of the steel area; but the eompres- 
sive stresses, in the cone, in any cross sec, decrease uniformly! from a 
max, f c , at the upper surf of the beam, to zero, at the neutral axis. Their 
resultant, C, is therefore applied at a point distant kd /3 below the top of 
the beam, kd being the distance from top of beam to neutral axis, and d the 
distance from top of beam to grav cen of steel. 

9. Value of “J." The lever arm, d', of the resisting 
couple is therefore 

d' - jd - d — kd /3 = d (1 — fc/3).(1) 

and we have 

j d'/d - 1 — m . (2) 

For approx values of j, see H 12. 

10. Value of “k.” From assumption 1, ^ 4 we have 

e c /e 8 - k/(\ — k) .(3) 

From assumption 5, we have 

h “ r <: E c • /, “ e , .< 4 > 

Hence 


fc e c ^ c k 1 ,J c k 

/, “ e,if 9 = r=l • E a “ n rr- k ) 


■ (4a) 


For equilibrium, C — T; but 

C = f c bk d/2 - e c E c b k d/2 .(5) 

and T = f s a g = /, p b d = e g E s p b d .(6) 


Hence, k — 2 p ~ 2 p n 


\ (pn)* + 2 pn — pn.. 


••(7) 


* See V 15, 16, p 1286. ** See If 13, p 1286. . 

t Below the neutral axis, the cone is in tension, but its tensile stress is 
neglected. See assumption 4,1 4, p 1283. t See 11J 21 j 2 ^» 

§ Figs 2 and 3 are by Prof A. W. French, A S C E, Trans, Vol 56, 06, 
pp 362, etc. 
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FI* a. For Working Stresses. (For ultimate stresses, see Fig 3.) 

U. = y / '(pn'p + 2pn — p n, J ** d’ I d, 

=* unit stress in steel, f v => unit stress in cone at top of beam, 
p — a 3 fa c =■ ratio of steel area to cone area. 

M b , “ resistg mom, based upon allowed value of f g ,f c , reap. 

M **» resistg mom, actual. 

M , ,, k. . k s 




/,)>(! 3) 


-*( 1 - 




n - E g /E c . Solid curves represent n - 10; dotted curves, n - 11 
Steel lines plotted for n -=• 10; approx for n =* 15. 


■w/hh* 
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of cone above cen of 
steel; 

T = sum of tensile stresses in steel; C — sum of comp stresses in 
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M = actual resisting moment = c. b d J .. 

For values of c (= M/M*) see Figs 2 and 3, pp. 1285, 1289. 


Stresses, Moments, Desip. 

tt. Figs 1 and 2g and 7 to 20 illustrate the relations existing 
between tl»e important factors, k,f g , f ( , p, M r M c and M\ when 
neither / g nor/ f exceeds the elastic limit. When they exceed that limit, see 
VI 21, 22, p 1290. 

7. In equilibrium, the bending moment of the load (see p 474) is 
balanced by the equal resisting moment of the couple composed of 
the two equal hor forces, T and C, these forces being the resultants respec¬ 
tively of the tensile stresses in the steel and of the compressive stresses! in 
the cone. 

8. The tensile stresses f g , in the steel, are assumed to be uniformly 
distributed over its entire cross section, n g , and their resultant, T, is there¬ 
fore taken as acting at the grav cen of the steel area; but the eompres- 
sive stresses, in the cone, in any cross sec, decrease uniformly! from a 
max, f c , at the upper surf of the beam, to zero, at the neutral axis. Their 
resultant, C, is therefore applied at a point distant kd /3 below the top of 
the beam, kd being the distance from top of beam to neutral axis, and d the 
distance from top of beam to grav cen of steel. 

9. Value of “J." The lever arm, d', of the resisting 
couple is therefore 

d' - jd - d — kd /3 = d (1 — fc/3).(1) 

and we have 

j d'/d - 1 — m . (2) 

For approx values of j, see H 12. 

10. Value of “k.” From assumption 1, ^ 4 we have 

e c /e 8 - k/(\ — k) .(3) 

From assumption 5, we have 

h “ r <: E c • /, “ e , .< 4 > 

Hence 


fc e c ^ c k 1 ,J c k 

/, “ e,if 9 = r=l • E a “ n rr- k ) 


■ (4a) 


For equilibrium, C — T; but 

C = f c bk d/2 - e c E c b k d/2 .(5) 

and T = f s a g = /, p b d = e g E s p b d .(6) 


Hence, k — 2 p ~ 2 p n 


\ (pn)* + 2 pn — pn.. 


••(7) 


* See V 15, 16, p 1286. ** See If 13, p 1286. . 

t Below the neutral axis, the cone is in tension, but its tensile stress is 
neglected. See assumption 4,1 4, p 1283. t See 11J 21 j 2 ^» 

§ Figs 2 and 3 are by Prof A. W. French, A S C E, Trans, Vol 56, 06, 
pp 362, etc. 
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The dotted and solkl curved lines, for cono, represent n - 15 and n — 10, 
respectively. The nearly straight lines, for steel, are plotted for n - 10, 
but are sufficiently approx also for n = 15. 

18. The upper portion of Fig 2 gives valuer of 


(see U 10) and of 


k “ y 2p» + (pn) 3 — p n, 
j = 1 — fc/3 - d'/d, 


corresponding to given values of p, for n = 10 and n 
varies but slightly with p. 


15. Note that j 


Example*. 


I. Investigation. 

Required the resisting moments, M Jt M c and M. 

19 a. (Jiven a rectangular relnfd cone beam: b « 8"; 

d - 20"; a c - Id = 8 X 20 - 100 sq ins; n - JS g /E c - 15. Let F, 
*=■ 16,000, and F c *= 500 lbs per sq inch, be the tnux allowable values of th« 
unit stresses, f g and f ( ,, in steel and in cone respectively; and let P be th* 
value of p based upon these max allowable stresses 


Then F t /F c 
have: 


“ 32; ~ + 1 = 3.133; and, from F.q (11), t 15, we 


0.5 

32 X 3.133 


0.004987, 


as given by the intersection, in Fig 2, of radial line, for f t — 16,000, with 
dotted curve for/ c =* 500. 

19 b. (Case 1) Reinforced with two round rods, diam; 

a, =2 .t r 0.375 2 «■ 0.884 sq ins; 

V “ a 8 /a c - 0.884/160 - 0.005525 > P; 

pn » 15 X 0.0055 - 0.0825; 

fc — \/ (pn) 2 -4 2 pr? — pn 

- y' 0.0825 2 ^+ 0.1650 — 0.0825 - 0.3322; 

d' = dj =• d (i — */3) =* 20 (1 —0.1107) - 20 X 0.89 - 17.8 ins; 

C - F c bkd/2 - 500 X 8 X 0.3322 X 10 - 13,288 lbs; 

- Ccf' - 13,288 X 17.8 - 230,526 inch-lbs; 

71 " F t a s “ li > 000 x °- 884 “ 14,144 Ibs i 

A/, - Td' - 14,144 X 17.8 - 251,763 mch-lbs; 

M - A/ c 236,526 M “ . 

Notice that where, as in this ease and in Case 2, P < jp, the mom 
M c . based upon the max allowable stress, F c in the cone, is the actua 
mom, M Where P > p, is the actual mom. 

19 c. By Fig 2. The intersection of the vert line, on 100 p - 0.55 
with radial line f< r f 8 ™ 16,000 lbs per sq inch, gives M g /bd 2 =■ 78.7; am 
M g =» 78.7 6d 2 =• <o.7 X 8 X 20 2 => 251,840inch-lbs; but theintersectioi 
of vert line on 100 p = 0.55, with dotted curve (n =» 15) for f c =» 500 lb 
per sq inch, gives MJbd 2 — 74; and M M c ■=» 74 bd 2 *» 74 X 8 X 20 
= 236,800 inch-lba 
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19 <1. (Case 2) Reinforced with 3 round rods, 1' diam; 

a g — 3 * 0.5 2 =» 2.356 sq ins; 

p - a s /a c = 2 -356/160 - 0.01473 > P\ 

pn =* 15 X 0.01473 * 0.2209; 

A: = 1 / (pn) 2 + 2 pn— pn 

= V 7 0.22 1 + 0.44 — 0.22 - 0.48; 

4' = dj = do— A-/3; = 20 (1 — 0.16) « 20 X 0.84 - 16.8; 

C «= F c bkdi 2 - 500 X 8 X 0.48 X 10 - 19,200 lbs; 

M c «= Cd' = 19,200 X 16.8 ~ 322,560 inch-lbs;' 

T = - 16,000 X 2.350 -= 37,096 lbs; 

Af f = Td’ - 37,696 X 16.8 - 633,293 inch-lbs; 

M « M c = 322,560 “ “ . 

19 e. By Fl|f 2. The intersection of the vert line on 100 p — 1 473, 
with radial line for/ s = 10,000 lbs per sq inch, would give (on a sufficiently 
accurate diagram) M g /bd 2 198, and A I g =» 198 b d 2 == 198 X 8 X 20 2 = 
633,600 inch-lbs; but the mtci section of vert line on 100 p -= 1.473, with 
dotted curve (n = 15) for/ c = 500 lbs per sq inch, gives MJbd 2 = 101; 
and M - M c - 101 & d 2 = 101 X 8 X 20 2 = 323,200 inch-lbs. 

19 f. It will be noticed that, in these cases, an increase of 166.5 9fs 
in the amt of steel, has increased the resisting; mom (which still 
depends upon the cone) by less than 3H %; and the steel, in Case 2, is 
stressed to only about 8,000 lbs per sq inch or half the max allowable stress 
(intersection of vert for 100 p = 1.473, with dotted curve foi f c — 500, is 
nearly intersected by radial line for f g — 8,000). Sec U 13. 

19 g. In both cases, (1) and (2), the intersection of radial line for f 9 =» 
F g = 16,000, with dotted curve for/ c = F e = 500, would give (on a suffi¬ 
ciently accurate diagram) p => P = 0.004987; M/bd 2 =■ 71.5, and M =» 
71.5 6d 2 =* 228,800 inch-lbs, the actual mom, for the given b and d, in the 
ideal case where f g and f c = respectively F g and F c =» 16,000 and 500. 


II. Design. 

20 a. Conversely, given the bending moment, 236,500 
inch-lbs; F g = 16,000; F c = 500 lbs per sq inch; whence P = 0.004987, 
as before. Required b and d. 

Let K and J =■ the values of k and of j respectively, corresponding tc 

r,-*’, ™Uc- F c- 

Here we have 

Pn - 15 X 0.004987 - 0.075; 


J 

ta 2 


■ / (Pn) 2 + 2 Pn — Pn 
l/ 0.075 2 + 0.150 — 0.075 - 0.3193; 

- 1 — K/3 « 1 — 0.1064 - 0.8936; 

M 2M 2 X 236,50 0 

1 F.PJ ~ F.KJ ~ 500 X 0.3193 X 0.8936 ’ 


3315. 


20 b. An infinite number of section areas, bd, giving the 
»ame resisting moment, M , may be found from bd 2 . 


20 c. Thus, in the example of 
b 
6 
8 
10 


20 a, with bd 2 
d 2 d 

552 23.5 

414 20.3 

331 18.2 


■ 3315, we may have 


etc, etc. 




Values of XC/bd* J =1—fc/ 3 = : d f /d 
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Scale of 100 Jp 



ri K a. For Ultimate Stresses. (For allowable stresses, see Fig 2.) 

k ~ \(j pr> y+ 3 p"— 2 vn ' i "* /d 

t u = unit stress in steel, f e =* unit stress in co*c at top of beam 
p “ a a /a c — ratio of steel area to oonc area, 

Mg, => resistg mom, based upon max allowed value of / # , f e reap, 

M “ resistg mom, actual. 



n — B t /E c . Solid curves represent n — 10; dotted curves, n — 15. 
Steel lines for n - 10; approx for n - 15. * E fi - initial E for cono 
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20 d. It can be shown (T & M, pp 175-6) that, with given M, given unit 
stresses, and given unit prices, the cost of a reinfd cone beam, per unit of 
length, varies inversely as d, directly as V b, and directly as $ b/d. 
Hence, for a given bd, the deeper the beam, the less is the cost; but practical 
considerations (such as practical limits to reduction of b, requirements as 
to head room, etc) often limit the extent to which this economy can be carried 
in practice. 

21. Within the limit of allowable working stresses. Fig 2, 

the stresses and deformations, in the several fibers, are taken (assumption 1, 
U 4) as proportional to the dists of the fibers from the neutral axis, as repre¬ 
sented' by the shaded triangle in the small figure above the diagrams (said 
triangle representing approx the lower portion of the parabolic area shown 
in Fig 3); and we have, Eq (7), 1 10, 

k «= V (P n ) 2 + 2 pn — pn. 

22. For stresses exceeding the allowable workg stresses, 

up to the ult. Fig 3, assumption 1 is inadmissible, we must employ the entire 
parabolic area, its vertex corresponding with the ult comp strglh of the 
cone; and we have 

k - (3 pn/ 2 f + 3"^— 3 p n / 2.(14) 

FIS S gives values of j, k and M lb d 2 , for ult values of f g and f c . 

23. Note that, for steel stresses, f g , not exceeding the usual clastic limit, 
and with f c ultimate < 2000 lbs per sq inch, the ult resistg mom in¬ 
creases directly with the amount of reinfknt until this reaches 
2 % or over. Thus, Fig 3, with f g = 30,000 lbs per sq inch, f c ult < 2000, 
and p “ 0 to 2 %, we have M/bd 2 <=» approx 25,000 p. 

Tee Nections. 

24. Tee sections. Fig 4. b — flange width; b' =* stem width; t =- 
flange thickness; d = depth from top of flange to cen of steel; k d “ 
depth of neut axis; d! = j d — leverage of T and C 



25. When the tops of rectangular beams are connected by slabs, the 
whole being placed at one time and properly bonded, all or a part of the 
slab may be considered as a compression flange, in some respects 
similar to those, composed of angles and plates, of steel plate girders. 

26. The width of slab, b, Fig 4, which act» as flange, is sometimes 
taken as the distance between beams, but should not exceed % of the span 
of the beams. See Specifications, 1fl| 168-170. 

27. Exact analysis of such a section is hardly possible, but it is believed 
that the following method is reasonable and safe. 

28. Determine the ratio, p =*= a 8 /a c , of steel area to cone area as tho the 
beam were rectangular, with depth = d, and width - the flanqe width, k 
With this value of p, determine the position of the neutral axis. _ If this 
falls within the slab or just at its lower side, the resisting moment is founu 
exactly as with any rectangular section. See Case 1, t 19. 

29. II the nciltral axis falls below the bottom of the slab, the 
position of the neutral axis will not be exactly given by the equation for 
rectangular beams; but the difference will not be important. 

30. The resisting moment is Cd' or Td\ whichever is the less, 
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31. Examples. 

(1) Neutral axis within the slab. 

Lett = 60ins; b' =» 8 ins; d =■ 20 ins; i = Sins; max allow¬ 
able unit stresses, F c — 500, F g = 16,000 lbs per sq in; E c — 
3,000,000; E s = 30,000,000; n - 10. Let there be 3 round steel 
rods, diam =• 1 inch. 


Then 

= 3 X 0.785 
P 60 X 20 


0 . 002 ; 


k «= (p») 2 + 2 p » — p n 

- ]/ (10 X 0.002) 2 + 2 X 10 X O.OOiT— 10 X 0.002 ~ 0.18; 
k d - 0.18 X 20 - 3.6 ins; 

C =* F c bkd/2 = 500 X 60 X 0.18 X 20/2 = 54,000 lbs; 

T - 3 X 0 785 F t - say 37,650 lbs. 

Using the smaller value (that for the steel) we have: 

M - T d' — T (d — d k/Z) - 37,650 (20 — 3.6/3) - 707,000 inch-lba 

(2) Neutral axis below the slab. 

Let 6 = 60ins; b r = lOins; d — 30 ins; t — 4 ins; F c , F s , 

E a and n as in Example (1); 6 round steel rods, diam =» 1 inch. Then 

p - - 0.0026. and h - 0.2; hi - 0.2 X 30 - 6. 

32. Since the comp unit stress, in the outer fibers of cone, is assumed to 

be F c « 500 lbs per sq inch, the stress, at the lower aide of the slab, is 500 
(Jc d — t)fk d =* 500 X 2/6 =* 167; and the average stress, in the 
slab, is - g-“ 333 lbs per sq in. 

33. The 2 inches of stem, which lie between the neutral axis and the 
lower side of the slab, exert some comp resistance, but this is neglected, 
with a small error on the safe side. 

34. The position of the center of gravity of the compressive 
forces in the slab may be found as for a trapezoid; but it is usual, safe, and 
sufficiently approximate, to assume that it is at the cen of the slab, or, in 
this example, at a distance of d — 1/2 => 30 - 2 = 28 ins above the cen of 
the steel. The mom of these forces is then M ( =* 333 X 60 X 4 X 28 — 
2,238,000 inch-lbs; but the moment of the tensile resistance of the steel is 
only M g 6 X 0.785 X 16,000 X 28 = 2,110,000 inch-lbs; and this mom, 
being the less of the two, is to be taken as the actual mom, M. 


Shear. 

35. Shear. In addition to the hor stresses, resisted by conjpression in 
the cone and by tension in the longitudinal steel reiufmt, the vertical shear¬ 
ing stresses require attention in relatively deep beams under heavy loads. 

36. For the total nhear, V, in any vert section, distant x from 
a support, we have : 

V = R-W .(15) 

where R = upward reaction at the support; 

W = the total of any loads in the distance, x. 

37. The vert Mhear is sometimes provided fo' by using a large safety 
factor with the ult shearing strgth of cone, which is usually taken at from 
500 to 800 lbs per sq inch, while the working shearing stress is often 
restricted to from 30 to 50 lbs per sq inch. But see Stirrups, 38, etc. 
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Shear Reinforcement. Stirrups. 

88. Shear Reinforcement. Where the loading produces a shear, 
ing stress exceeding the limit assumed for plain cone, the oeam is often reinfd 
by vert si frrups. which consist of rods, bent into the shape of a letter U, 
and passing under the hor bars and up to near the top of the beam; or, in 
the case of Tee beams (Fig 4), into the slab. 

89. The distance between stirrups is sometimes made such that, 
within u hor length - d', there shall he an aggregate sectional area of vert 
steel bars sufficient to carry the vert shear by means of the permissible unit 
tension m the steel. 

40. Example. 

Consider the T beam of example (1) *[31, Fig 4; b r — 8 ins; b ■=- 60 ins; 
d - 20 ins; k = 0.\8; d' = 20 — k d/3 = 20 — 1.2 =* 18.8; safe mom of 
resistce, M = 707,000 inch-lbs. Let span L — 20 ft — 240 ins. Then, foi 
a uniform load, we have IK = 8 M/L - 8 X 707,000/240 « 23,000 lbs. 

Shear at ends — IK/2 = 11,800 lbs. 

With safe unit shearing stress — 50 lbs per sq inch, we have safe shear 
resistance of plain cone in section = 50 h'd' — 50 X 8 X 18.8 -= 7,500 lbs 

Under uniform load, this shear occurs at a dist, from the ends, 

(11,800— 7.500) L . 

2 X 11,800 " ®' 05 f ’ 

From this point to the center of the span, the cone is able to care for the 
shear, and no stirrups are there reqd. But see 41, 45. 

Between this point and each support, let the stirrups be of 11 * inch round 
steel; aggregate cross section area of the two limbs of each stu rup = 0.22 
sq inch. 

Allowing 16,000 lbs per sq in, one stirrup will sustain 16,000 X 0.22 = 
3,520 lbs. 

The total shear, 11,800 lbs, at the support, divided by 3520, gives 3 3 
as the number of Hlirrups requited, in 18.8 ms of length of beam; 

18.8 

or the spacing, next to the ends, should be -— = 5.5 ins. 

Let the load, W , --=■ 23,600 lbs, be uniformly distributed. Then, at a 
in_8 

point 3 ft from the end, V - ~ Q X 11,800 - 8260 lbs; 8260/3520 - 
2.35; and stirrup spacing = 18.8/2.35 *= 8 ins. 

41. The spacing may he made to vary uniformly l>etw these limits: 
and it would be well for the vert reinft to extend beyond the theoretical 
stopping point (3.6 ft from end, see 1| 40;, by one or two stirrups spaced a 
foot apart. See 11 45. 

42. Let 

A = aggregate vert cross sec area of hor rods, sq ins; 

L *= span, ft; 

z =■ dist from end of beam to stirrup, ft; 

S a aggregate cross section area reqd in the 2 limbs of the 
Stirrup, sq ins. 

Then, when the stirrups are l ft apart, 

O 44 /, 2z + l\ mu 


. 

(J. W Schaub, E N, ’03/Apr/lG, p 348.) 


43. In general, spacing betw stirrups > d'. 

44. The cone, in each sec, has to act as a connecting medium between 
the hor and the vert remft. It is also subjected to comp forces, in transfer¬ 
ring the shear from one stirrup to the next. The action here is complex, 
ana an ample safety factor should he used. 

45. In order to provide against excessive loadings, which may coins 
temporarily upon the beams during construction it is advisable to use 
stirrups, even where not actually required by the shearing stresses deter¬ 
mined theoretically as above for the completed structure in use. 
stirrups being light, the cost of using them is principally for labor; so that. 
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Unit Shear. 

46. Unit shear, v. In any hor section of a beam, Fig 5, under uniform 
or central loading, the hor tensile or comp stresses increase from the ends, 
where they are zero, toward the middle of the beam, where they are a max 
Hence, of any two vert plane secs, 1 and 2, the section, 2, nearer the cen of 
the beam, will have the greater hor stresses, «. 



47. Consider the forces acting upon the rectangular body, B, between the 
two sections, 1 anti 2. 

4*. At the left section, 1, the vert shear, T v , coming from the left support, 
pushes B upward; and the tension, T, of the steel pulls B horizontally toward 
the left; while the total comp, (\ acting at the cen of the comp forces, pushes 
B toward the right. 

4ft. At the right sec, 2, the vert shear, V, pushes B downward; while V 
and C are in line with 7' and C respectively, but opposite to them. Note 
that T > r, aud C > C. Let V — T = t. 

.10. l^et there be no load on B. Then V' --=» V.* Since the vert 
forces are distant, by x, their moment = Vx « Y'x* The mom of T' — T 
is (! w — T) d' - td'. Ilence, for equilibrium, 

Vx = td'; or t — Vx/d' .(17) 


51. In a reinfd cone beam, Fig 5, we neglect the tensile strgth of the cone. 
Hence, the diff, T' — T = /, of tension, between secs 2 and 1, must-be trans¬ 
mitted, from the steel to the neut axis, by a total shear, = t, uniform* in 
each hor sec; and, since the hor sec of the body, B, is b x, we have, for the 

mill Nhcar: 

v - t/bx - Vx/d'bx = V/b d' -= V'/bd'* .(18) 


Diagonal Strewes. 

52. As a matter of fact, the longitudinal tensile stresses and the vert and 
hor shearing stresses, combine to form, and are replaced by,ttliagoiial 
Ntressos; and reinfmt, against shear, is more rationally designed by deter¬ 
mining, as nearly as may be, the directions and intensities of these resultant 
diagonal stresses (See i 53), and so placing the reinfmt as best to resist them. 

53. From “Maximum Unit Stresses in Beams,” p 494 e, we have, in 
homogeneous beams, for the angle. A, betw the neutral axis and the 
resultant normal ' tensile and comp) or “principal ' stiesses, s p , at any point; 

tan 2 A *= 2v/s; ...(I®) 

and, for the max stress, ^ 

, p - e/2 + /5W + .(20) 

where v = the unit vert or hor shear, and s = the unit hor tensile or comp 
stress, at the given point. __ _ 

* If there is a load, L, upon B (as, for instance, in the case of uniform 
loading) we have V’ > V, and V' — V — L; and there are two couples of 
vert forces, with moms, respectively: Vx and (F' -- V ) x\ where x ' - dist 
from sec I to gravity center of L Here we have, for sec 1, vf =°V'/bd'i 
and. for sec 2. v =* V /b d '. • 
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54. But, nefflectln^ the tensile strath of the cone, vrr 

have, in beams with tension reinfmt of straight bars, and for points betw 
the neutral axis and the steel, « ** 0; whence: 

tan 2 A - oo; 2 A - 90*; A - 45°; 

- i/k> - v - F/fxF....(21) 

55. Hence, betw the neut axis and the steel, we should provide against 
tensile unit stresses, s p *= 7/6 d\ acting in parallel directions form¬ 
ing angles of 45° with the neut axis. 

56. Other things being equal. this provision is preferably made by means 
of rods, placed like the diog tension members of a Pratt 
bridge truss, Figs 7b, 86, 96. p 693, and forming angles of 45° with the hor. 

57. Very commonly, the tension rods, at each end, in a hor (list about 
equal the depth of the beam, are bent upward to form an angle of 45° or 
thereabouts with the axis of the beams. 

Adhesion. Seep 1279. 

5b. Unit of adhesion. Let 

x — a given portion of the length of the beam; 

t “ T' — T =■ the increase, in total tension, T, in the steel, in the lgth, x; 

V «= the total vert shear in the cross section; 

d! — the dist betw T and the cen of comp of the cone; 

U — t/x — the bond stress, per unit of x; 

m — the number of rods; 

a — the circumference of one rod 

** the circumferential contact area of one rod, per unit of x; 

u — U/m a = the bond stress, per unit of a. 

Then (see 1 50), t d' - V x; t - V x/d'\ U -t/x-V x/d! x-V/d f \ and 
u — U/m a =» V/d'ma .(22) 

59. For given values of the bond stress, (7, per unit of length, and of the 
bond stress, u, per unit of circumferential contact area, the product, m a 
— U /w ( = total circumferential area per uuit of length) in a given case, 
Is constant; but the cross sec area, weight and cost of the rods increase 
as the square of a. Hence, for a given total adhesion, numerous umall 
Vods are more economical than fewer layer rods; but there is, of 
lourse, for each case, a practical limit to this economy. 

UontinuouM beam*. 

60. Floor systems are usually composed of slabs and beams continuous 
ever supports; and, if the negative bending moments over the supports 
(producing temtion at top of beam) are amply provided for, by reinfmt near 
the top, and if the supports are unyielding, or exactly equal in their yielding, 
advantage is usually taken of the reduction in the positive bending moms 
(at and near cen of span) due to continuity. 

61. Where floor slabs are laid continuously over the supporting beams, 
it is usual to assume WL /10 — wL 2 /10 as the max bending mom, where 
L - span; W — total load on span; w — W/L — load per unit of L, 
Beams, continuous over the supports, may have a like value used in design, 
if the beams are amply reinfd at top and over the supports. 

62. On the score of safety, it is frequently specified that beams, 
slabs, etc, shall be regarded as non-continuous over supports, this practice 
requiring us to provide, at cen of span, against greater (positive) bendg 
moms than if the beam were continuous over supports; but, on the other 
hand, few if any beams are wholly non-continuous; i e, even where the 
beam is supposed to be non-continuous, there are negative bendg moms 
over the supports, due to the width of the support and to the presence of 
loading upon the beam over the support. Such moms require reinfmt at 
top, over and near supports. 

63. Hence, while it is advisable, in the case of non-continuous beams, to 
calculate the positive center bendg mom upon the assumption of absolute 
non-continuity, the condition of even non-continuous beams, over their 
supports, should be carefully investigated, and provision made for any 
negative moms there 1 found. 





64. Double Reinforcement. The necessity, under certain condi¬ 
tions, of reinfg against negative, as well as against positive moments (11 62) 
gives rise to cases^Fig 6) where reinfmt appears near both top and bottom 
of the section. For brevity, that on the side which, under positive mom, 
is under compression, will be called “compression reinft." 



63. In addition to the symbols of H 5, p 1283, let 
aj = cross section area of comp reinft; 
p' - a s 'fa c •= Og/b d « steel ratio for comp reinft; 
f a ' — unit stress in comp reinft; 


C = total stress “ " “ ; 

d" = dist from " " to nearest face of beam; 

z =» “ “ comp resultant, C + C' , to nearest face of beam. 

66. Then, (neglecting the slight diminution of a £ by the presence of 

for poNition of neutral axis: 

k = v 7 2n(p + p'd"/d) + n 2 (p + p') 2 — n(p + p');. 

for position of compression resultant: 

W d/3 + 2 p'n d" (k — d"Jd ). 

2 “ + 2 p'n (*—>/(/) . 

for arm of resisting couple: 

jd — d — z;... 

for fiber MtreNMCM: 

, „ 6 M k/bd? 

h 3 A; 2 — &+ G p’n(k — d"/d) (1 — d"id I. 

/,= M/pjbd* = nf c U — k) /k . 

//- n/ c (ft— d"/d)/k . 


(24) 

(25) 

(26) 

(27) 

• (28) 
(29) 


METHODS OF REINFORCEMENT. 

1. The commonly accepted theory of reinfd cone beams re¬ 
quires longitudinal tension reinfmt near the bottom* of the beam, and diag 
tension reinfmt at 45°, not onlv betw the hor reinfmt and the neutral axis, 
but extending upward into the region of compression, in order to take 
advantage of the superior adhesion due to the compression there. It also 
requires, usually, tension reinfmt near the top,* at points over or near the 
supports. 

See HU 60, etc, p 1294. 


♦The terms “bottom" and “top" are here used os referring to a beam 
supported at the ends, and loaded un top, where the major portion of tha 
bottom is in tension. In a cantilever, of course, this is reversed. 
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54. But, nefflectln^ the tensile strath of the cone, vrr 

have, in beams with tension reinfmt of straight bars, and for points betw 
the neutral axis and the steel, « ** 0; whence: 

tan 2 A - oo; 2 A - 90*; A - 45°; 

- i/k> - v - F/fxF....(21) 

55. Hence, betw the neut axis and the steel, we should provide against 
tensile unit stresses, s p *= 7/6 d\ acting in parallel directions form¬ 
ing angles of 45° with the neut axis. 

56. Other things being equal. this provision is preferably made by means 
of rods, placed like the diog tension members of a Pratt 
bridge truss, Figs 7b, 86, 96. p 693, and forming angles of 45° with the hor. 

57. Very commonly, the tension rods, at each end, in a hor (list about 
equal the depth of the beam, are bent upward to form an angle of 45° or 
thereabouts with the axis of the beams. 

Adhesion. Seep 1279. 

5b. Unit of adhesion. Let 

x — a given portion of the length of the beam; 

t “ T' — T =■ the increase, in total tension, T, in the steel, in the lgth, x; 

V «= the total vert shear in the cross section; 

d! — the dist betw T and the cen of comp of the cone; 

U — t/x — the bond stress, per unit of x; 

m — the number of rods; 

a — the circumference of one rod 

** the circumferential contact area of one rod, per unit of x; 

u — U/m a = the bond stress, per unit of a. 

Then (see 1 50), t d' - V x; t - V x/d'\ U -t/x-V x/d! x-V/d f \ and 
u — U/m a =» V/d'ma .(22) 

59. For given values of the bond stress, (7, per unit of length, and of the 
bond stress, u, per unit of circumferential contact area, the product, m a 
— U /w ( = total circumferential area per uuit of length) in a given case, 
Is constant; but the cross sec area, weight and cost of the rods increase 
as the square of a. Hence, for a given total adhesion, numerous umall 
Vods are more economical than fewer layer rods; but there is, of 
lourse, for each case, a practical limit to this economy. 

UontinuouM beam*. 

60. Floor systems are usually composed of slabs and beams continuous 
ever supports; and, if the negative bending moments over the supports 
(producing temtion at top of beam) are amply provided for, by reinfmt near 
the top, and if the supports are unyielding, or exactly equal in their yielding, 
advantage is usually taken of the reduction in the positive bending moms 
(at and near cen of span) due to continuity. 

61. Where floor slabs are laid continuously over the supporting beams, 
it is usual to assume WL /10 — wL 2 /10 as the max bending mom, where 
L - span; W — total load on span; w — W/L — load per unit of L, 
Beams, continuous over the supports, may have a like value used in design, 
if the beams are amply reinfd at top and over the supports. 

62. On the score of safety, it is frequently specified that beams, 
slabs, etc, shall be regarded as non-continuous over supports, this practice 
requiring us to provide, at cen of span, against greater (positive) bendg 
moms than if the beam were continuous over supports; but, on the other 
hand, few if any beams are wholly non-continuous; i e, even where the 
beam is supposed to be non-continuous, there are negative bendg moms 
over the supports, due to the width of the support and to the presence of 
loading upon the beam over the support. Such moms require reinfmt at 
top, over and near supports. 

63. Hence, while it is advisable, in the case of non-continuous beams, to 
calculate the positive center bendg mom upon the assumption of absolute 
non-continuity, the condition of even non-continuous beams, over their 
supports, should be carefully investigated, and provision made for any 
negative moms there 1 found. 
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that, where the elastic limit exceeds a certain uuni^ . \ ( i s t 

deformed bars, H 15 etc, shall be used. At 30,000 lbs/sq MM®.««‘ 1 
about 0.10 per cent; at 50,000 lbs/sq inch, about 0.17 per cent. 

Cold working raises the ultimate strength and the elastic limit, but 
slightly lowers the elastic modulus; see Fig 1, representing tests at Water- 
town Arsenal (Tests of Metals, 1901, p 397) on plain and cold-twisted steel 
bare, 3 i inch square. Gaged lengths, 10 inches. The twisted bar had 1 
twist m 8 inches. Similar results were shown in tests made at Watertown 
Arsenal, Jul> 12, 1902, and published by Ransome Concrete Co, See H 21, 

Square bars, of interior steel, are twisted hot, and are more brittle. 


10. Plain round Steel bars are very generally used for reinforce¬ 
ment in America, and still more generally in Europe. Square bars also 
are used, but an; less conveniently handled. Flat bars have been found 
deficient in adhesion. 


11. In order to increase the resistance of plain bars to 

being pulled thru the cone, they are frequently bent up at right angles (or 
bent over at 180° so as to form a hook) at their ends. 


12. “Anchorage, furnisht by short bends at a right angle, is less effective 
than hooks consisting of turns at 180°." J. €. 

13. For the same purpose, (H 11), the bars may be threaded at their ends, 
and provided with steel anchor plates, secured by nuts. Such platet 
should be large enough and thick enough to witlistand pulls due to the ful’ 
tensile strength of the rods. In designing such plates, Prof. L. J. Johnso> 
assumes a crushing strgth, in the cone, of 900 lbs/sq inch, and a fiber stresa 
in the anchor plate, of 25,000 lbs/sq inch. Several rods, side by side, pass 
thru a common large plate at each end, which serves, also, to hold the rods 
in their relative positions while the cone is being placed. Nuts, on the 
inside, holding the anchor plate to a firm bearing against the outside nuts, 
are an important, provision. Room, for such plates, is usually found in a 
wall or column, or over a knee-bracket, etc. Otherwise, in order to give 
room for the anchor plate, the beam may be deepened locally, or the rods 
bent up, near their ends. When bent up, the rod exerts an upwd pres upon 
the cone, near the bend. This increases the friction, in the bent portion, 
and thus reduces the pull transmitted to the anchor plate. 

It. “Adequate bond strgth, thruout the length of a bar, is preferable to 
end anchorage.” J. C. 

15. Also for the purpose of increasing adhesion (or rather to substitute, 
for it, a “mechancial bond”) “ deformed bars,” of various shapes are 
used. 


16. The principal el Aim. in favor of deformed bars, is that the 
“ mechanical bond, which they offer, is the sole reliance of the reinfmt, 
after its adhesion proper has been destroyed, as by a stress exceeding the 
adhesion, by infiltration of water, by concussion either during or after con¬ 
struction, or by constant and rapid alternations or reversals of loading, in 
service. Vert rods especially, during construction, are liable to accidental 
blows upon their projecting upper ends; and such blows may affect the ad¬ 
hesion of the portions already imbedded in cone. 

17. On the other hand, it is pointed out that innumerable struc¬ 
tures, with plain bars, have satisfactorily withstood, for years, service 
involving such vibration; and it is claimed that whatever advantage arises 
from deformation is more than offset by the slight increase of cost. Plain 
bare are of course free from patent claims, and they are at all times readily 
obtainable in the general metal market. 

18. The projections, on the surfs of some deformed bars, may injure the 
cone covering unless this is of considerable thickness. 

1®. In studying comparative tests of plain and deformed bare, attention 
should be given to the richness of the cone mixture. Unless this is suffi¬ 
ciently rich to insure the complete covering of each bar with cem 
over its entire surf, the adhesion proper will not be fairly developed, and the 
pulling test will exhibit chiefly the diff in “mechanical bond, ’in which, of 
course, the deformed bars are superior. 
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80. “Deformed bare offer a suitable means for supplying high bond 
distance. " J, |i» 

The following deformed rods, Figs 2, are in more or less general use: 



(b) Cold- 
twisted 
lug bar 




(/) Diamond 
{ Mueser) 




( h ) Priddle 

Fig 2. Deformed Rods. 

M. Rftnaome. ta) Square steel rods, twisted cold. Twisted either ft! 
mill, or (conveniently and inexpensively) on the work. 
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22. Cold-twisted lng-bar. ( b) Square bar. with angles rounded, to 
prevent the starting of cracks in the cone, twisted ( old. The lugs are de¬ 
signed to resist any tendency of the bar to untwist under tension. For effect 
of cold working, see 1 9, p 1297. * 

23. Thacher. (r) Round rods, deformed by flattening at short intervals. 
Cross sec area practically constant. Changes in shape made by means of 
gradual curves. 

24. Corrugat ed bars; ( d ) ordinarily of steel with yield point 50,000 
Ibs/sq inch or over. Square, round and flat. 

25. Cup bars, (c). 

26. Diamond bar. (/) Rolled round, with two spiral projecting ribs 
of equal pitch and in opp directions (dividing the surface into four rows of 
diamond-shaped recesses) and two opp longitudinal ribs, at the points 
where the upper and lower rolls meet m manufacture. Cross-section area 
and weight *= those of plain square bars of like denomination. Claims: 
uniform cross section area, uniform elongation, uniform distribution of 
bond; projecting ribs aid in resisting tension; edges rounded; no tendency 
to untwist und*T tension. 

27. Havemeyer bar. (g) Square, with rounded corners and pro¬ 
jections. 

28. Priddle Internal-bond Bar. (h) Flat bar, perforated and 
twisted, and the slit flanged, as shown. Small sizes worked cold; larger 
sizes, hot, A web may be forrfted by passing smaller bars, of same or other 
pattern, thru the slits. 

29. The monolith bar consists of a hor tension member with 
separate diag lint.?-. In section, the hor member resembles a heavy rail 
with two heads instead of head and flange. Each link is a bar of round 
steel, bent over at top and thus forming two parallel diag legs, which, at 
bottom, are bent hor, and their hor portions, one on each aide of the hor 
member, are gripped between its heads, which are swedged in, at those 
points, for the purpose. 


Supports. 

30. It is of course of the first importance that the longitudinal rein¬ 
forcing bars be placed and kept in their proper positions. If, 

as finally located, they are too high, their resisting leverage, d', and the resistg 
moment of the beam, are diminished. If they are too low, they have an 
insufficient protective depth of cone below them. Various devices are m 
use for holding the bars in position. 

31. fetirrups, Fig 3, act as hangers for the main rods. 



Fig 3. 


Fig 4. 

Supports for Reinforcing Bars, 



Fig 6. 


W 

Fig5. 


32. Light rods are sometimes held by wire supports. Fig 4, or by 
cone, blocks, about 1.2 or 2 ins thick, Fig 5. 

33. Heavier rods may be supported by clamps, Fig 6, made of pieces of 
M" or 1" channel iron, held together by round-headed stove bolts, K* 
or %" diam, placed in the forms, and 6 or 8 ft apart. 
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“ Web ” Reinforcement. 

84. Web reinforcement is used in broad and shallow slabs, in thin walla, 
In sewers and conduits, in columns, etc. 

05. The simplest form consists of rod*, placed at right angle*, 
and wired or welded together at their intersections. The heavier or main 
rods are of course so placed as to take the greater stresses. The transverse 
rods hold the mam lods m position during construction, and afterward 
distribute their tension across the intervening cone. They thus offer a 
mechanical bond. The mesh must be large enough to pass the particles of 
the agg used in making the cone. 

3«. Jean Ronier, of Paris, used such webbing in the reinforcement of 
arches. * 

37. Expanded metal. Fig 7. Sheet steel, slitted and opened out 
into diamond-shaped panels. In sheets, 12 to 72 ins wide, 8 to 12 ft long; 
mesh from W to 6"; metal, Stubs gage, No. 18 to No. 4. 



Fig 7. Expanded Metal. 


88 . When Blab reinforcement is furnisht in short sheets, these must 
overlap sufficiently to transmit the tension from one sheet to the next. 
The lapping uses about 10 % of the area of the metal. 

39. Clinton wire lafh. in rolls of 100 or 200 ft or more, of drawn 

steel wires, crossing at right angles, 2 l /t inch mesh, electrically welded and 
reinfd by longitudinal reinfg warp strands, 6 ins apart, and made up each of 
two wires cross-looped and twisted over each crossing strand; and, when 
deeired, by transverse V-shaped stiffeners of No. 24 gage steel, fastened to 
the wires at intervals of about 8 ins. Furnisht plain, japanned or golvd, 
in 36 inch width. , 

40. Clinton welded wire; No 3 to No. 10 drawn steel wire, plain 
or galvd; mesh, 3X8, 2 X 12, 3 X 12, 4 X 12 ins. 



Fig 8 . Rib Metal. 


41. Rib metal. Fig 8: expanded from specially rolled steel plates. 
Hbbed longitudinally. Mesh varying, by single inches, from 2 io 8 in* 
Sheets up to 16 ft long 
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Fig ». Rib-Lath. 


Trussed Reinforcement. 

IS. In general, trussed reinforcement is slightly more expensive than 
plain bar reinfmt; and, if shipped in rigid built-up units, it incurs higher 
freight charges and is more liable to damage en route; but it has the great 
advantage of holding the bars in position while the cone is being placed, and 
of obviating the omission or misplacement of stirrups, etc, either by accident 
or by design. The trusses may be made up of either plain or deformed bars. 
They should be provided with means for connecting them, over the supports. 

44. In the Kalin trussed bar, Fig 10, the projecting side fins are 
slit away, in places, from the central portion, and bent up, as shown, The 
same bar, inverted, is used over the supports. 



Cross sec at cen. rig 10 . Kahn Bar, 

4A. Fig 11 shows the collapsible Economy Unit frame. 



Fig; 11. " Economy” Collapsible Truss. 


Reinforcement with Structural Shapes. 

46. The Mel an system, invented by Joseph Melan, of Austria- 
Hungary, in 1892, and patented in the United States in 1893, comprises a 
concrete arch in which iron or steel beams are emhedded, I or small spans, 
the beams are usually rolled I-beams; while, for spans of considerable 
length, they usually consist of four angles latticed. 

17. Where a structural shape, of considerable size, is imbedded in cone, 
to form a beam, so that the steel predominates and furnishes most of 
the strgth reqd, the cone acts chiefly as a protecting; cover 
for the steel; and the case is hardly one of reinfmt properly so called. 
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48. It is difficult to secure perfect filling, with cone, of the 
spaces under the flanges of rolled or built-up shapes. In such cases, each 
day’s work should be stopped either well above or well below the flange. 
Otherwise, shrinkage, under the flanges, will aggravate the difficulty. 

Column Reinforcement. 

49. Columns are reinfd by means of vertical rodft, placed near the 
circumf and usually wired together at intervals, or by circumferential 
(hooped or spiral) wrapping, or both. 

See Reinfd cone cols, pp 1280, etc. 

50. In tall buildings, the column rods are often faced at the ends 
to give good bearing, and connected by loose sleeves,'which keep the ends 
in proper contact; and an iron or steel plate is placed under the feet of the 
rods in the footing, to distribute the load more evenly over the cone of the 
foundation. 

51. In Mr. C. A. P. Turner’s moshroom Hystem of columns and 
floors, the cols are splayed, at top, to increase their bearing area, and the 
floor reinfmt consists essentially of straight members (hor or nearly so) 
radiating from the cols, and joined, at intervals, by circular or polygonal 
members, which cross the radial members generally at right angles. Beams 
and ribs are dispensed with, and the floor is of unifor^t thickness. See E N, 
'09, Feb 18, p 178, 
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EXPERIMENT AND PRACTICE. 


Directory of Selected Results, pp 1308, etc. 

Words in bold-face type, preceding a semicolon, refer to one of two 
related matters ; words in plain type, following the semicolon, to the other 
one. Numerals and letters refer to the records of experiment, etc. 

Example. Under SAND (.below), “ Sand, character ; density of 
nortar, 8c, e, 9 d, 86c” refers to Experiments 8c, etc, which give informa¬ 
tion respecting the effect of (l) character of sand upon (2) dersity of 
mortar. Conversely, on p 1304, we find Mortar, tie unity »f—} 
character of sand, 8c, e, 9a, 86c.” 


CEMENT. 


Cement, 
character of —; 

water reqd, 61 a 
Portland A' natural—; 

water reqd, 4 d 
strgth, 14 a, 19 a 
abrasion, 4 g 
permeability, 65 a 
electrolysis, 75 a 
silica —; oil, 53 d 
typical mix; 86 / 
age of —; soundness, 29 a 


fineness of —; 

soundness, 29 6 
strgth of mortar, 4 / 
water reqd, 4 d 

quantity reqd: ag f /9 b, d 
quantity used: 
strgth of mortar, 8 a 
elastic modulus, 70.5 
exposure; 39 a, b 
sulfuric acid in —; 0 a 
chemical action v 26 a, 
b, c 


SAND. 


Sand. 

fineness of —: 

density of sand, 2 a, 8 h, 8 /» 
8 k 

water reqd, 61 a 
density of mortar, 8 c, 9 d, 
79 e 

strgth of mortar, 4 c, 8 a, 52 5, 
79 c 

permeability of mortar, 8 d, 9 e 
lime reqd for waterproofg, 82 6 
sea water, 8 g 

uniformity coefficient: 5a 
grading of—: 

mortar, 8 e, 86 e 
shape of grains; 

density of, sand, 8 t, 8 l, 94 a 
density of—; 
fineness, 2 a, 8 j, 8 k 
uniformity coeff, 5 a 
shape of grains, 8 i, 94 a 
compacting, 2 a, 8 h, 8 i, 8 fc, 
45 a 

character, 8 l 
mica, 87 a 

moisture, 2 a, 8 h, 8 1, 45 a 
mortar, 86 c, d 

voids; 

spheres of uniform diam, 45 b 


compacting; 

density of sand, 2 a J h, 8 i, 
8 k, 45 a 

fineness of sand, 8 f 
moisture in —; 
density of sand, 2d I h, 8 l 
water reqd, 61 a 
character; 
density of sand, 8 l 
density of mortar, 8 ( e, 9 d, 86 c 
strgth, 19 c, 39 (7, 501 62 a, 62 a 
absorption, 62 a 

impurities in —; 9 c, 52 a 
clay A loam in - » 

strgth, 4 a, 34 a, 39 f, 50 b, 52 a, 
b, 56 a, 80 a 
permeability, 4 a 
absorption, 56 b 

mica in —: 79 a, 87 a 
friction of —: 89 a 
percentage of —; 

electrolysis, 91 a 
abrasion, 4 g 

fusing point: 89 b 
vs screenings ; 79 a-j 

density, 79 c 
permeability, 79 h, j 
absorption, 55 a 

vs crushed limestone; 50a 


ACCIDENTAL 
Clay in cement; 4 a 
Clay A loam; 

strgth of mortar, 4 a, 34 a, 39 0, 
50 b, 52 a, b, 56 a, 80 a 
absorption, 56 a 
plasticity of paste, 4 a 
density of paste, 4 a 
permeability, 4 a 
mortar for plaatering, 4 a 
in cone for oolumns, 92 a 


INGREDIENTS. 

| Clay A alum; 

permeability, 80 a 
Mica; 79 a, 87 a 
Nulfuric acid : 6 a, 49 a 
Salt; 4 c, 19 a, 31 a 
Gypsnm; 51 a 
Gypsum A lime; 51 c 
Calcium chloride; 51 a, b 
Lime ; 80 a, 82 d 
l Lime A gypsnm; 51 e 
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MIXING WATER. 


Water, mixing —, 
wait in —: 4 c. 19 a, 31 a 
evaporation of —; 9 a 
quantity reqd; 

nat & Port cem, 4 d 


cem, character of —, fit a 
size & dryness of sand grains 
61 a 

mica, 87 a 

Mulluric aeid in —; strgth, 6 a 


MORTAR. 


Mortar, 

neat dr sand —; 86 i 
consistency of —: 

fineness of cem, 4 d 
cinder, 83 a 
rate of setting, 4 d 
volume of cone, 21 a 
density, 61 a 
strength, 39 e, 61 a, 83 a, 
elastic modulus, 61 6, 81 a 
permeability, 33 a, 47 c, f, 61 a 
laitance, 61 d; fire, 46 e 
preferable —, 61 e 
sea water, 8 g 
richness of—; 
volume of cone, 21 a 
density, 8 c, 9 d 
permeability, 8 d, 9 e 
sea water, 8 g 
density of—: 

percentage of voids, 9 0 
character of sand, 8 c, c, 9 d, 86 c 
richness, 8 c, 9 d 
clay, 4 a , 

entrained air, evaporation, 9 a 
strength of—? 
fineness of cem, 4 / 
proportion of cem, 8 a 
exposure of cem, 39 a, 39 b 
character of sand, 4 e, 8 a, 86 d 
clay, 4 a, 34 a, 39 g, 50 b, 52 a, b, 
56 a, 80 a 
salt, 4 c 

sulfuric acid, 6 a 
consistency, 39 e 
hand and machine mixing, 39 c 
treatment of briquet, 39 d 
permeability of—; 
character of sand, 8 d, e, 9 e 
richness, 8 d, 9 e 
clay, 4 a . , . _ , 

diminution of — with time, 8 / 


plasticity of —: 4 a 
wonndne** of—: 

cement, 20 a, 6 
abruption : 4 g 
expansion of —i 4 ft 
lime in —: 82 a 
*al ammoniac in —: 47 l 
briquet, treatment of—; 
strength, 39 d 

protection of metal* by —; 

2 b 

in water: 4 6, 8/ 
sea —, 4 6, 7 a, 8 g 

for pla*tering: 

clay in —, 4 a 

aeration: 

rate of setting, 84 a 

proportion of—, in cone; 

strgth, 79 / 
density, 79 / 

permeability, 13 6, 43 a, 79 g 
volume of cone, 21 a 

PROPORTIONS. 

Proportion*: 

density of concrete, 9 c 
elastic modulus, 81 a 
strength, 14 a, 15 a, 18 a, 19 . 
shear, 81 6 
adhesion, 64 b 
strgth of columns, 35 a 
permeability, 9 /, g, 13 a. 6 
25 a, 43 a, 65 a 
thermal conductivity, 46 b 
electrolysis, 91 a 
Grading; 

distribution, 47 d 
cement reqd, 79 d 
density 79 d 
permeability, 93 a 
transverse strength, 72 a 


AGGREGATE. 


Aggregate; 

fire, 41 d 

proportion to mortar; 

volume of cone, 21 a 

addition of —; 

retardation of setting, 84 a 

dirt in —; 

strgth, 19 c 

weight of —; 3 a 
density of—; 3 a 

gravel <fc broken stone, 8 1, 14 a 
compacting, 21 c 

void* in —; 

spheres of uniform diam 45 6 


Nize of—; 

cem reqd, 79 b 
permeability, 79 % 
density, SI, 79 6; strgth, 79 b 
elastic modulus, 70.5 
kind of—; 
density, 8 l 
proportions, 17 a 
permeability, 79 g, 79 j 
strgth, 19 6, 35 a, 83 a 
gravel ; 8 l, 79 a 
strgth, 39 /, 83 a 
fire, 41 c 5 70/ 
permeability, 9 g 
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AGGREGATE.— Continued! 


stone v« gravel; 

permeability, 79 j 
density, 14 a, 79 c 
strgth, 14 a, 79 c 
tire, 41 c 

granite; 83 a 
limestone; 

water, 69 a 
strgth, 83 a 

sandstone vs shale; 11 a 
quartz; expansion, 70/ 


Screening-*, Ntone —, 
grading; 86 b 
Screening*, gravel —, 
density: 86 a 
Cinder cone; 

strgth, 15 a, 23 a, 83 a 
fire, 41 e 

thermal conductivity, 46 6 
consistency, 23 a, 83 a 

proportion*; strength, 15a 


CONCRETE. 


MIXING. 

Mixing; 

distribution of sizes, 47 d 
freezing weather, 44 a 
shrinkage, 21 a; fire, 46 e 
rate of —, 39 c 

hand & machine —; 22 a, 

39 c 

continuous; 27 a 
thoro; strength, 12 a 

Ke-tciiipering : 28 a 

FORMS. PLACING, 
COMPACTING. 

Forms; 

coated with soft soap, 32 a 

Placing, 

freezing weather, 44 a 
dropping fiom height, 33 a 
delay in —, 20 a 
Compacting: 

density, 17 a 21 6, 21 c, 45 a 
fire, 46 c 

SETTING. 

Setting. 

expansion during —; 4 h 
rate of —; 

salt, 4 c; consistency, 4 d 
aeration, 84 a 
addition of agg, 84 a 
gypsum, 51 a 
lime and gypsum, 51 c 
calcium chloride, 51 a, 51 b 

AGE. 

Age; 

strgth, 12a, 14a, 18a, Sly, 
86 a, h, t 

elastic modulus, 61 b 
permeability, 61c, 78 b, 79 ] 

EAITANCE. 
I.Mitancc; 

consistency, 61 d 
permeability, 47 b. 60 a, 61 d 
strgth, 61 d 
thickness of —; 61 d 

REGRINDING. 
Kcgrindiug; 31 c, 77 a 


FINISH. 

Finish; 24 a, 32 a. 44 b 

water-tight —; 47 h, 57 a, 93 a 

Soap and alum mixture; 47 h 
Paint; 66 a 

PROPERTIES, BEHAVIOR. 
Density; 

fineness of sand, 79 e 
sand vs screenings, 79 c 
gravel vs stone, 79 c 
size of agg, 79 b 
proportions, 9 c, 17 a 
grading, 79 d 
lime paste, 82 d; clay, 4 a 
consistency, 61 a 
mortar, proportion of—, 79 j 
compacting, 21 b 
peimeability, 72 b, 79 g 
durability, 72 6; strgth, 72 b 
plasticity, 72 b 
Voids: 45 b 
Volume; 21 a 
Shrinkage ; 21 a, 42 a, 73 a 
Absorption ; 55 a 

character of sand, 62 a 
sand vs screenings, 55 a 
clay and loam in sand, 56 b 
strgth, 62 a 

Ductility; 16 a, 30 a , 36, 38, 48, 
81 e,f 

Flow : 58 a 
Durability: 72 b 
Plasticity: 72 b 
Soundness: oil, 68 n 
Abrasion; 4 g 

Strength. 

Strength: 

ingredients, 50 a 
nat and Fort, cem, 14 a, 19 a 
typical mix, 86/ 
sand, character of —, 62 a 
sand, fineness of —, 52 b, 79 e 
sand, grading of —, 86 e 
sand vs cruslipd limestone, 50 a 
proportions, 14 a, 18 a, 19 b 
agg, character of — , 19 6 , 83 a 
agg, size of —, 39 /, 79 6 
gravel vs stone. 14 a, 79 c 
sandstone vb shale, 11 a 
cinder oonc, 15 a, 23 a 
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CONCRETE. —Continued. 


screenings, 86 b 
mica, 87 a 

proportion of mortar, 79/ 
dirt m sand and agg, 19 c 
clay and loam, 34 a, 39 g, 52 b, 
56 a 

clay and alum, 80 o 
lime, 80 a 

consistency, 61 a, 83 a 
salt, 19 a 

mixing, 12 a, 22 a, 27 a 
re-tempering, 28 a 
delay in placing, 20 a 
laitance, 61 d 
re-grinding, 77 a 
age, 12 a, 14 a, 18 a, 81 g, 86 i 
cold, 19 a 
density, 72 a, b 
fire, 46 d, 70 d to / 
oil, 63 a to c, 68 b 
absorption, 62 a 
reinforcement, percentage of—, 
81 g 

columns, 35 a 
reinforced beams, 81 g, h 
uniformity, 86 g, h 
safe, 9 h, 12 b 
compressive —, 85 a, 86 i 
tensile —, 85 a, 86 i 
transverse —, 85 o 
torsional —, 81 c 
shearing —, 81 b, e 
shearing —, m beams; 81 h 
Fatigue ; 16 o, 48 a, 76 a to e 
Unit stress; 

unit stretch, 67 a, 81 a 
Elastic Properties. 
Elastic properties: 67 a, 81 a 
Potenzgesetz (law of powers), 
67 a 

fire, 70 c 

neutral axis, position of—, 83 a 
Elastic limit ; 

adhesion, 88 a; fatigue, 76 c 
Elastic modulus ; 81 a 

size of agg, 70.5 
proportions, 70.5, 81 a 
consistency, 61 b, 81 a 
age, 61 b 

fatigue, 76 r; fire, 70 c 
columns, 35 a 

Permeability. 
Permeability; 47 a to l, 78 a to 
d, 79 g, 82 a 
cem, Port <fc nat —, 65 a 
proportions, 9 /, g, 13 a, b, 25 a, 
43 a, 65 a 

excess mortar, 13 b, 43 a, 79 g 
aggregate, 79 g , i, j 
grading, 93 a 
gravel with Band, 9 g 
sand, screenings, stone, gravel, 
70 j 

clay, 4 a 


clay A alum, 80 a 
lime, 80 a, 82 a, c 
lime <fc sand, 82 b 
consistency, 33 a, 47 c, /, 61 a 
laitance, 47 b, 60 a, 61 d 
density, 72 b, 79 g 
waterproofing, 47 h, 80 a 
soap and alum mixture, 47 h 
finish, 47 h, 57 a, 93 a 
reinforcement, 47 /, g 
sunshine, 47 e 

pressuie, 25 a, 78 5, c, d, 79 g 
percolation, 47 6, 60 a, 65 a 
thickness, 79 j 
age, 61 r, 78 b, 79 j 
tanks, 33 a, 57 a 


EXTERNAU INFLUENCES. 
Electrolysis ; 75 a, 91 a 

Sunshine; permeability, 47 e 

Airs 

corrosion, 59 a, b 
shrinkage and expansion, 73 a 
steam aud carbonic acid; 

corrosion, 40 a, b 
Water ; 4 6, 8 / 

shrinkage »fc expansion, 73 a 
limestone cone, 69 a, b 
hardness of mortar, 37 c 
strgth, 23 a 
adhesion, 26 a, 37 c 
corrosion, 26 a, 37 r, 59 a, b 
sea —; 7 a, 31 a, b, c, 49 a, 90 a 
corrosion, 59 a, b 
fineness of sand, 8 g 
placing in, 4 c, 31 a, b 
Pressure: 

I«*rmeabilil>, 78 b, c, d, 79 g 

Percolat ion; 

permeability, S /, 47 b, 60 a 

Sewage; 37 c 

Oil; 53 a to /, 63 a to c, 68 a, b 

Abrasion ; 4 g 

Heat and Cold. 
Freezing; weather; 

mixing, 44 a; placing, 44 a 
finished work, 19 a, 44 a, 90 a 

Expansion coefficient; 1 a, 10a 
Thermal conductivity; 46 b, 

70i7, i 

Fire; 41 a~e, 46 a-e, 70 a-i 
San Francisco, 71 a-d 
aggregate, 41 c, d, e 
gravel and broken stone, 41 c 
cinders, 41 e 
disintegration, 70 d-f 
strgth, 46 d, 70 d-f 
elastic properties, 70 c 
requirements, 46 e 
reinforced cone, 41 b, 46 c, e, 70 r> 
COLUMNS. 

Columns; 

clay in cone for —, 92 a 

strgth of —; 35 a 
elastic modulus; 35 a 
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REINFORCEMENT, METALS, ADHESION, CORROSION. 
Concrete, reinforced 

shear, 81 b, h 
stresses in —, 81 g, k 
fire, 41 6, 46 e 
Reinforcement; 
strgth, 81 h 
fire, 46 c 


permeability, 47 g 

adhesion A friction ; 64 a, b, 

81 d, h, 88 a 

plain & deformed bars, 64 a, 
74 a 

high & medium steel, 88 a 
disturbance, 64 a, 76 d 
proportions, 64 b 
time, 26 d 
elastic limit, 88 a 


fatigue, 76 d 
exposure, 26 a, 37 a, b, c 
corrosion of— ; 2 b, 26 a, b, e 
37 o, 6, c, 40 a, b, 44 c, 47 l, 
54 a, 59 o, b 

conductivity of—; 70 i 
electrolysis; 75 a, 91 a 
disturbance of—; 47 /, 64 a. 

76 d 

plain A deformed —; 

adhesion, 64 a, 74 o 

high A medium steel; 

adhesion, 88 a 

percentage of —; 81 g 
strength of —; 81 h 
stirrups ; 81*. 
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Experiment and Practice. 

Selected Results. 

Nee Directory, pp 1303, etc. 

Order of arrangement. 

The features entering into the manufacture and behavior of concrete are 
ao numerous, ami in the reports of experiments, etc, they are unavoidably 
so interlaced, that it has been found impracticable to group the several items 
in the body of the text in satisfactory older below. 

Most of our “selected results” are therefore here placed approx in the order 
of their dates of publication, and funusht with a directory, pp 1303, etc, by 
means of which any particular subject may be promptly found. The direc¬ 
tory is arranged rationally (i e, not alphabetically), and, as far as practic¬ 
able, in the order followed in the text (pp 1222-1250, 1252-1302), referring 
to ce'ment, sand, mortar, aggregate ami concrete, plain and reinforced. 
The items, covered by any one publisht statement, aie given a common 
number, and, under this common number, the several paragraphs are indi¬ 
cated by letters. These letters usually distinguish also betw the several 
features covered by the common numlier. 

Thus, under E\pt 8, we have a number of conclusions reached by R. 
Feret: under 8 a, conclusions respecting strength of mortar as affected by 
proportion of cement and fineness of sand, under 8 c, conclusions respecting 
porosity and permeability as affected by fineness of sand and richness of 
mortar, etc, etc. 

In the directory, semicolons, in general, are used to distinguish between two 
different but. related ideas. Thus. ** Strength; fineness of sand” and 
“Nand, fineness of —: strength,” refer to items giving information re¬ 
specting the effect of fineness of sand upon strength of mortar or cone. 


1. Bonnieeau, Annales des Fonts et Chauss6es, 1863, p 181. 

1 a. Expansion Coefficient. 


Bar iron. 0.00001235 per deg C; 0.00000686 per deg F 

Port cem cone. 0.00001370 . 0.00000760 . 


2. John C. Trantwine, Civil JSngr’s Pocket Book, 1872. 

2 a. Sami, density; moisture, compacting. 

Specimens Ordinary pure Band from the seashore, both dry and moist 
(not wet), see table. Sand B was of much finer grain than A. C consisted 
of the finest grains sifted from B. 

Treatment. The dry sands were compacted by thoro shaking and jar 
ring; the moist sands by ramming in thin layers. 

Results. 





Sand 

A 



Sand B Sand C 




(coarse) 



(finer) 


(finest) 



Dry 

Moist 


Dry 


Moist 

Dry 


lbs 

Solid 

Void 

lbs 

lbs 

Solid 

Void 

lbs lbs. 1 

Solid Void 


per 

% 

or 

>c 

per 

per 

% 

% 

per per 

%. % 





cu 

cu 



cu cu 



ft 



ft 

ft 



ft. ft 


Loose.... 

. 97 

59 

41 

86 

88 

53.4 

46.6 

69 82 

50 50 

Compacted 112 

68 

32 

107.5 

101.6 61.6 

38.4 

103.5 98.5 

60 40 

Increase.. 

. 15 

9 

—9 

21.5 

13.6 

8.2 

—8.2 

34.5 16.5 

10 —10 

Per cent.. 

. 15.5 

15.2 

22 

25 

15.5 15.3 

17.6 

50 20.1 

20 20 


2 b. Corrosion. 10 years’trial. Dampness absolutely excluded after 
eetting. Cements protect iron, lead, zinc, copper, brass. Plaster 
of Paris protects all these except ungalvanized iron. 
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3. John Watt Nandeman. lust C E, Vol. hv, 1878, p 260. 

3 a. Aggregates; density. 


Results 

lbs per 

Percentage 

No. 

cub ft 

of voids 

1. Broken limestone, mostly 3 inch. 

. 95 

50.9 

2. Screened gravel, from small pebbles to 2.5 inch 

111 J'2 

33.6 

3. Equal parts of Nos. 1 and 2, well mixed .. 

113J4 

34.0 

4. Broken sandstone, 4 to 8 inch ... . 

74 

50.0 

5. “ “ from sand to 4 inch... 

92 

34.0 

0 Equal parts of Nos. 4 and 5, mixed. 

. 91 U 

36.0 


- 4 - 

I. Eliot €. Clarke. A >S 0 E Trans, Apr, ’85, Vol 14, p 168. Expts 
fot Boston Mam Drainage Works. 

Results. 

I a. Clay. The addition of not exceeding one part of clay to 2 of cem, 
gave a “much more dense, plastic and water-tight paste, convenient 
fm plastering surfaces or stopping leaky joints." and, in general, had no 
mar kt effect, upon the strength of Portland and natural cem. Mot tars, 
made with sand containing 10% of loam, were of normal stigth at 6 and 12 
ltios, tho of only about half normal strgth up to 1 mo. (.’lav, in cem, is “an 
almost impalpable powder, with particles tine enough to fill the spaces be¬ 
tween the particles of cem." 

1 l>. A year’s salutation in fresh or salt water, and in contact with 
oak, hard pine, white piue, spruce or ash, did not affect the 
mortars. 

4 C. Salt, either in the water used for mixing, or in that in which the cem 
is laid, retards setting somewhat, but has no important effect upon the 

strength. 

1 d. Consistency. Excess of water retards setting. Nat cems 
need more water than Port; fine-ground more than coarse; quick- 
set tiug more than slow. 

4 e. The finer the sand, the less the strength. 

4 f. With sand, fine-ground cems are strongest; coarse-ground 
are strongest neat, especially with Portlands. 

4 g. Port resisted abrasion best when rnlxt with 2 parts sand; nat with 
1 part. Resistance diminished rapidly with slight variations from these 
proportions. 

lh. In selling, mortars expand > 1 partin 1000. 

- 5 - 

3. Allen Ilazen, Mass. State Board of Health, Report ’92, p 550. 


Sharp-grained sand. 

5 a. Uniformity coefficient (u.c.)p947: <2 <3 6 to 8 

Voids, per cent, approx,. 45 40 30 

- H - 


d. E. Carey, Inst C E Procs, Vol 107, ’92, p 55. 

6 a. Sulfuric acid ; strength. Neat cem, gaged with water con¬ 
taining 5 % acid, had, at 7 days, only 27 % of the strength of neat cem 
gaged with watci free from acid. 

- 7 - 

7. Dr. Wilhelm Michaelis. Inst CE Procs, Vol 107, '92, pp 372, 375. 

7 a. Disintegration of porous cem in sea water shown to be 
due to the action of sulfuric and hydrochloric (muriatic) acids, contained in 
the magnesium sulfates and chlorides of sea water. These acids leave the 
weaker base, magnesium (which is deposited as a hydrate), and combine 
with the lime of the cem, expanding and disintegrating the cone. 
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8 . R. Fcret. Annales des Fonts et Chauss^es, 7e s6rie, Tome IV, ’92. 

8 a. Results. 8treiiftth of mortar increases with proportion of cem, 
and, in general (especially at the beginning of hardening) with size of sand. 

8 b. Mortars vary widely as to porosity. Compare 9 d, 9 e. 

8 c. Porosity increases 8 <1. Permeability increases 
with fineness of sand, with coarseness of sand, 

with richness of mortar with richness of mortar. 

8 c. Mortars made with a mixture of coarse ami .fine sands are leas 
porous and less permeable than others. 

8 f. The permeability of mortars subjected to continuous percola¬ 
tion of fresh or sea water, diminishes rapidly; but, in certain cases, 
the mortar disintegrates or cracks. 

8 ft. To avoid disintegration in sea water, use coarse sand and plenty 
of cem. Mix wet. 

8 h. Density of sand; moisture and tampinft. Fig. 1. 



Fift 1. Moisture and Tamping. 

M.'Feret used (1) a very fine dune sand and (2) a coarser sea sand. Wm. 
B. Fuller, E N, ’02, Jul 31, p 81, used a bank sand, (1) loose and (2) tamped. 

From these results, it appears that the addition of water affecia the vol 
of the sand* in two opposite ways; (1) by insinuating itself betw the sand 
particles, thus increasing the vol for a given wt; (2) by decreasing the fric¬ 
tion between the grams, allowing them more readily to take up the positions 
of closest contact, and thus diminishing the vol. When only small vols of 
water have been added, the first of these effects seems to prevail, the bulk 
increasing until the vol of water reaches from 2 to 5 % of the vol of dry sand.* 
With more water, the lubricating effect prevails, the vol diminishing. 



ta refused 0 10 20 30 40 50 60 70 80 90 100 


Percentage of solid in given volume of sand. 

Fift 2. Compacting. 

8 i. Shape of ftrain and tampinft. Fig. 2. 


* See foot-note *, p 1238. 
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Specimens. Four materials, as follows: 

a. Granitic sand, rounded grains; c. Broken shells, flat grains; 

b. Ground quartzite, angular grains: d. Residue from 6, lamellar grain*. 
Each of the four materials screened to the same granulometric composi¬ 
tion, viz: c, 0.5; m, 0.3; /, 0.2.f (See p 1238.) 

Results. See Fig. 2. 

8 j. Effect of size of grain. Fig. 3. 



Meshes per linear decimeter. 

Fig 3. Size anu Density. A — Alexandre ; C = Candlot. 

Theoretically, the density, in a sand* or gravel,* composed of grains of 
uniform size, should be independent of the absolute size (f 30, p 1211); but 
experimenters have obtained contradictory results, showing unimportant 
variations of density with Rize. Thus (T & T, p 170), if sand (except very 
fine sizes, such as pass a sieve with 74 meshes per linear inch) and broken 
stone, with irregular particles of approx uniform shape, be separated into 
portions containing particles of uniform size, these several portions will 
show approx equal percentages of voids. This agrees with R. Feret s ex¬ 
periments (T & T, pp 171 and 142), Fig 3, according to winch each of the 3 
.sizes (coarse, medium and finef) contained 50 % voids. M. Feret’s results 
uie represented by the hor line in 1'ig 3. On the other hand (rig 3) M. 
Candlot. (Feret, Ann des Ponts et Chaussdes, 1892, 2« sem) found the voids 
increasing continuously, and M. Alexandre (ibid) found them first increasing 
and afterward decreasing as the size grew smaller. 

S k. Effect of sizes of groins, and shaking or tamping. 
SiOOse sand* shows densities ranging from 0.525 to 0.610, the max density 
occurring when 60 % of coarse sandt is mixed with 40 % of tine sand, with¬ 
out medium sand. In sand shaken to refusal, the densities range 
from 0.600 to 0.793, the max density occurring with a mixture of 55 % coarse 
with 45 % fine; no medium. ______ 

* See foot-note *, p 1238. 

t Classification of sizes. 

Passed Retained on 

c. Coarse. 20 60 meshes per lineal decimeter, 

m. Medium. 60 180 " “ “ 

/. Fine.180 
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81. Densities of loose unscreened sands and gravels; 
shapes and sizes of grains; moisture. 



IpSbwiJ Mechanical Analysis 
■ c,m- 1 uf sancl P r °P 01 

Dry 
sand 
Kg per 
cu M. 

Moist sand 

Mois- 1 Kg 


tamed, _ , 

% ■ Coarse : Med. 1 

Fine 

ture j 

% ! 

per 
cu M 

Granitic 

rounded grains .. 

i ! 

1.0 , 0.136 : 0.723 ! 

0.141 

1,586 

0.8 j 

1,495 

Schistose . 

26.4 1 0.350 i 0.293 

0.34S ! 

1,753 

1.2 j 

1,650 


6.6 | 0.259 0.412 

0.329 ; 

1,600 


1,332 


9. Luigi Luiggi and Valentino Card!, " Espemnenti sulle Calci, 
etc;" Gemo Civile, Rome, ’93. 

Porosity, permeability, etc. Safe loads. Twelve years’expts 
in connection with harbor works at Genoa, Italy. 

Results. 

9 a. In mortar, voids are due partly to air adhering to particles of 
sand and agg, partly to evaporation of the water used in mixing. 

9 b. in mortar, volume of voids may vary from 12 to 46 % of vol of 
mortar. 

9 c. Minimum voids (5 %) in cone formed with 700 lbs l’oit cera, 
i cu yd mixt sand, 1 H cu yds small gravel, 

9 d. Porosity increases 9 e. Permeability increases 
with fineness of sand; with coarseness of Hand; 

“ richness of mortar; “ poorness of mortar; 

greatest with neat cem. least with neat cem. 

Compare 8 c, 8 d. 

9 f. Concrete of 1150 lbs Port cem, 1 cu yd mixt sand, 134 cu yds small 
gravel, carefully mixt with just enough water (about % cu yd) to work it 
up, was impermeable under 40 ft head (17.3 lbs/CP). 

9 g. Concrete of 700 lbs Port cem, 1 cu yd mixt sand, 134 cu yds small 
gravel, made into a hollow cyl with shell 2J£" thick, was impermeable 
under 13 ft head (5.64 lbs/H") and barely permeable under 27 ft (11.7 
lbs/□*). Similar cyl3, of same mixture, without the gravel, leaked 
somewhat under 13 ft and easily under 27 ft. 

9 h. Safe load in compression. In the floors of the graving 
docks, 1:2:3 cone of Port cem, sand and small gravel, safely carries 107 
.ba/CT ; Bafety factor, 15. 


- 10 - 

10. Dr. Keller, Thonindustriezeitung '94, No. 24. 

10 a. Expansion Coefficient. Temps from — 16° to + 72° C - 
+ 3° to + 162° P. Gravel (20 mm) and sand, in equal parts. 

Mixture of sand and gravel, parts 

Proportions (1 part cem) to 0 2 4 8 

Coefficient, per degree C...0.000012 6 0.000010 1 0.000010 4 0.0000095 
“ “ “ F...0.000007 0 0.000005 6 0.000000 8 0.0000053 

- 11 - 

11. Geo. W. Rafter, 2d Report on Genesee R Storage Project, '94. 
See E R, '06, Jan 27, p 109. 

11a. Concrete with hard sandstone, gave strength 50% greater 
than where shale was substituted. 
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- 12 - 

12. Leibbrand. ER,’94, Nov 3. 

12a. ('omp strength; age. Bridge over Danube at blunder* 

kingen. Cone 1 : 2.5 : 5, wet. Cubes 20cm (8"). 

Very thoroly mixt in an iron cylinder revolving on a hor axis and con¬ 
taining 40 steel balls weighing together 000 lbs. Mixt 2 mins dry, 3 mins wet. 

Age in days. 7 28 150 970 3285 (= 9 years) 

Comp strgth, kg/sq cm.. 202 254 332 520 570 

Iba/sq in.2870 3610 4720 7400 8100 

12 b. Max existing pressures, in bridge, 500 to 560 lbs/D* 

- 13 - 

13. J. Watt ttandenian, Inst C E Procs, Vol 121, ’95, p 220. 

13 a. W atertight concrete walls (pres not stated) made with 

1 part cem leaving 10 % on No. 120 sieve, 

2 parts sand with 27 % voids, 

4.5 “ large and small gravel with > 35 % voids.. 

13 b. Where agg has 35 % voids, vol of mortar should be 50 % of 
vol of agg. 


- 14 - 

1ft. A. W. Dow, U. S. Inspector of Asphalt and Cem. Report of Engr 
Commsr, Dist of Columbia, '97, p 165. 

14 a. Compressive strength. 

Specimens. 12-inch cone cubes, dry; rammed iu cast iron molds; 
thoroly wet twice daily. 

The results for one year are means of five cubes; the rest are means of two 
cubes. Deduct from 3 to 8 per cent, for fnction of pie.v>. 

The materials weie as follows: 


Cement. 


Portland 

Natural 

t'ei cent, retained on sieve of 100 meshes per linear inch, 8.5 

14 

Time lor initial set, minutes. 


.190 

20 

“ “ hard “ “ 


.305 

36 

Tensile strength as follows, lbs. per square inch: 


1 Day. 

7 Days. 

1 Mo. 3 Mos. 6 Mos. 

1 Year. 

Portland, neat. 441 

839 



“ 3 parts stan- 



474 

dard broken quartz, 

248 

429 398 428 

Natural, neat. 96 

180 



“ 2 parts stan¬ 

dard broken quartz, 

91 

188 327 414 

485 


Sand used in concrete. ...... 

No residue on a No. 3 sieve; 0.5 per cent, passed No. 100. Voids 44 per 
cent., with 4 4 per cent, water. ^ , ,, , , . ^ 

Broken Stone. Gneiss. Of Nos. 6 and 12 (table below) 3 per cent, 
retained on 2.5 inch mesh; all on H inch. Others, 0 retained on 2.5 inch; 
nearly all on 0.1 inch. For voids, see table, below. 

Gravel. Clean quartz, passing a lf-inch mesh, 2 per cent, passing a No. 
10 mesh. Voids, 29 per cent. . 

Water. With Portland cement, 0.09 cu. ft. ( » 6.7 lbs) per cu. ft. of 
rammed concrete; with natural cement, 0.12 cu. ft. ( - 7.5 lbs.;. 

For Result*, see p 1314. 
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Crushing Strength of 12 In. Concrete Cubes, in lbs. per sq. In. 

Experiments by A. W. Dow, as above: 

Parts by volume; cement, 1; sand, 2; aggregate, 6. 


No. 

Aggregate 

Voids in Aggregate. 

Crushing Strength, 
lbs. per sq. in., after 

8 

0 

W 2 

c a 

O 

ffl 

Gravel, Parts. 

Per 
Cent, 
of Vol. 

Mortar. 

in 

percentage 
of Voids. 

10 

Days. 

45 

Days. 

3 

Mos. 

fi 

Mos. 

1 

Year. 

- 7 

6 


45.3 

83.9 

908 

1790 

2260 

2510 

3060 

n 8 

3 

3 

35.5 

107.0 

950 

1850 


2070 

2750 

2 9 

4 

2 

37.8 

100.6 





2840 

e io 

6 


39 5 

96.2 





2700 

p 11 


6 

29.3 

129.1 

694 

1630 

2680 

1840 

2820 

* 12 

6 


45.7 

83 9 



1630 

1530 

1850 

1 

6 


45.3 

83.9 

228 

539 

375 

795 

915 

« 2 

3 

3 

35.5 

107.0 

108 

364 

593 

632 

841 

3 3 

4 

2 

37 8 

100.6 





915 

1 4 

6 

.. 

39 5 

96.2 





800 

a * 


6 

29 3 

129.1 

87 

421 

361 

344 

763 

6 

6 


45.7 

83 9 

.. 


596 


829 


- 15 - 

15. Tests of Metals, '98, p 572. 

15 a. Cinder Cone with Port cem; nit comp strength. 
Specimens; 12-inch cubes; water 10 to 12J-3 lbs per cu ft of cone 

Results; 

Proportions by volume: 

Cement Sand Cinders Age, days No. of tests Lbs/sq inch 


1 

1 

3 

30-38 

18 

1541 

1 

1 

3 

90 

18 

2053 

1 

2 

3 

39 

3 

1098 

1 

2 

3 

102 

3 

1634 

1 

2 

4 

38 

3 

904 

1 

2 

4 

98 

3 

1325 

1 

2 

5 

30-38 

15 

724 

1 

2 

5 

90-99 

15 

1094 

1 

3 

6 

29 

3 

529 

1 

3 

6 

91 

3 

788 



- 

— 16 - 




16. Considere, G6nie Civil, '99. 


16 a. Ductility. 

Specimens and results; 

Cone cantilevers, 1:3, 6 cm sq, 60 cm long, tension side reinfd by 3 
round iron bars 4J4 mm diam 

Treatment. Loading such that bendg mom was the same for all 
cross secs. In one of the prisms, load increased until unit stretch = 0.002. 
Then loads, =* 44 to 71 % of tins original load, were applied 139,000 times; 
stress returning to 0 each time. 

Results. Unit stretches, 0.000545 to 0.00125; strgth but little 
reduced. Similar tests of unreinfd specimens gave unit stretch, at rupture, 
only 0.0001 to 0.0002; the reinforcement apparently enabfing the cone to 
endure far greater deformation than when not reinfd. But see Expts 36,38- 
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17. C. E. Fowler, A S C E. Trans, '99, Vol 42, p 117. 

17 a. Results. Proportions, assuming that 
1 bbl Portland cem = 3.8 cu ft. 

34 cu yds concrete = abt 27 cu yds after ramming. 

Those cones, for which the vols of stone appear in bold-face type (as 1.00), 
have their voids filled or more than filled; while, in those printed in plain 
type (as 1.04), the voids are not filled and the cone is porous and deficient 
m strgth. 



Cement, 

Quantities in 

Sand, 

1 cu. yard of concrete: 

Stone with Stone with 
40 % voids, 50 % voids. 

Proportions 

Barrels 

cu yds 

cu yds 

cu yds 

1:2:3 

1.77 

0.51 

0.87 

1.05 

1:2:4 

1.59 

0.47 

0.95 

1.15 

1:2:5 

1.39 

0.42 

1.04 

1.26 

1:3:4 

1.30 

0.57 

0.83 

1.00 

1:3:5 

1.16 

0.52 

0.92 

1.11 

1:3:6 

1.04 

0.48 

1.00 

1.20 

! : 4 : 6 

1.00 

0.55 

0.91 

1.09 

1:4:7 

0.92 

0.51 

0.97 

1.17 

1:4:8 

0.83 

0.47 

1.03 

1.25 


The foregoing figures agreed well with the results of practice. The column 
for stone with 40 % voids closely represents broken limestone, which breaks 
into piece's of various sizes; while the column with 50 % voids represents 
trap rock, which breaks into pieces of more nearly uniform size. 


- 18 - 

1H. Tests of Metals, ’99. 

18a. Compressive SlreiiKlh of 12" cubes of dry Portland ce¬ 
ment concrete, for Geo. A. Kimball, Chief Engr Boston El Ry Co. 

Specimen*; . 

Sand. Coarse, clean, sharp. Voids, measd loose and moist, 33 %; 
mcasd after settling by saturation with water, 25 %. 

Stone. Conglomerate from Roxbury, Mass. Voids, measd loose, 49.5 %, 



Treatment. Mfxt by hand. Water barely showed after ramming. 
Cubes, except those tested at 7 days, burled in wet ground until within 
one wk of testing. In general, 5 cubes of each mix of each brand were 
tested at each of the ages. 

ReNultN. Ultimate compressive strengths, lbs/□ . Each max or mm 
is the mean of five or more tests, upon cubes made from one of the four 
brands of cem, and thus refers to the cem giving max or mm strgth undier 
the stated conditions. The avs are those of such results for the 4 brands. 


Age 1:2:4 

max av min 
7ds 2219 1525 904 

1 mo 2042 2440 2209 
3 mos 3123 2944 2008 
0 mos 4411 3904 3612 
For formulas, deduced 
I 35, p 1274. 


1:3:6 

max av min 
1550 1232 892 

2174 2063 1816 
2538 2432 2349 
3170 2969 2750 
from these results by 

- 19 - 


1 : 6:12 
max av min 
759 583 417 

1218 1042 873 
1257 1066 844 
1583 1313 815 
E. Thacher, see 


19. W. A. Roirer*, Chic, Mil and St P Ry, Westn Soc Engrs, Jour, 1899- 
Jun, Vol 4, No. 3, p 262, R R Gaz, ’00, June 15, p 402, July 27, p 1274. 

19 a. Effect of cold, and of mixing with salt water. Specimen*} 
comp Htrength of 12-inch cubes of Port and nat cem cone. 8 cubes 


sa 
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Atlas Port, 1 cem, 3 gravel (2 sand, l pebbles), 4 hard crusher run lime¬ 
stone; 8 cubes Louisv nat, 1 cem, 2 gravel, 3 stone. 

Same as used in track elevation masonry by Chic, Mil and St P Ry. 
Treatment. All the cubes made by same person in molds of 1* 
lumber, and left in molds until broken. 

KeMultn. 





Portland 

; Natural 




Temp, F Ibs/sq in. 

Temp, I 1 ' 

Ibs/sq in 

1 cube in warm office 28 days 

80° to 18°. >1290t 

85° to 40° 

300 

l 

“ “ “ “ 

28 41 : 

“ >1290+ 

“ 

defective 

1 

“ outdoors* 

28 “ ' 

57° to -24°, 902+ 

57° to-10° 

200 

1 

“ “ 

28 “ 

6901 

“ 

256 

1 

“ " 

28 “ i 





in office 

28 “ 

85° to 32° >1290t 

85° to 40° 

376 

1 

“ outdoors* 

28 11 ! 

57° to -24° 

157° to-10° 



in office 

28 “ | 

85° to 32° >1290f 

l85°to 40° 

352 

j 

“ outdoors * ** 

28 “ ; 

57° to-24° >1290t 

157° to-10° 

237 

1 


28 “ 

*• >1290f 

! “ 

247 


10 b. Character or aggregate ; comp Ntrenglh. 
Specimens. 12* cubes of Port cem, gravel and stone. Gravel, 2/3 
coarse, sharp sand, 1/3 pebbles from sand to 1 . Each result the average 

of 3 cubes. Age 28 days. 


Results. 


Ibs/sq in 

1:3: 4.5 

hard crusher-run limestone. 

.1270 

1:3: 4.5 

soft screened “ . 

.1170 

1 :3 : 4.5 

washed gravel H to 2 in.. 

.1050 

1:4:7 

soft screened limestone. 

. 714 

i . , . 3.5 ( 
1:4: 3.5) 

washed gravel % to 2 in } . 

.642 


19 c. Dirt in sand and aggregate; comp strength. 
Specimens. “Dirty” sand aha gravel contained apparently abt. 10% 
dirt “which had the appearance of containing a large amount of iron.” 


Results. 

With sand, tensile, 

With gravel, com; 

12* cu 


90 days, lbs/Q* 

28 days, 11 

w/cr 


1:1 

1:2 

1:3 

1:2.5 1 

l: 2.5 • 5 


457 

492 

349 

1097 

838 


627 

541 

430 

988 

928 

Dirtier. 

515 

514 

396 

1020 



- 20 - 


20. Edwin Thaeher, E N, ’99, Sep 21. 

20 a. “Several brands of Port cem were improved, in tensile strength, 
by a delay of from 1 to 4 hrs betw mixing and laying." Ransoms 


- 21 - 

21. Geo. W. Rafter, A S C E, Trans, Dec ’99, Vol 42, p 104. 

21 a. Volume; consistency, richness and proportion of mortar. 

Specimens; 544 12* cubes, broken on the U. S. Govt testing machine 
at Watertown, Mass. Port cem; sand, 86.5 to 93.5 lbs/cu ft; agg, broken 
atone. Cubes abt. 2 years old. 

“Dry,” only a little more moist than damp earth; 

“Plastic,” ordinary consistency used by masons; 

“Excess,” under moderate ramming the cone quaked like liver. 

* During the first part of the 28 days, temp fell to —10° and —20° 1' J 
afterward, thawing during day, freezing at night. 

+ Raked slightly. Strgths exceeded capacity (185,000 lbs) of machine 

I Cold believed to have retarded setting. 

*+ Mixed with salt water, 1 pint salt to 10 qts water. 
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S = vol of sand in mortar to 1 vol cem; 

M = “ “ mortar “ cone " 1 “ “ 

A =* “ agg “ “ " 1 " " 

C — “ cone made with 1 " “ 

Results. 


Volume 


- _ Mortar 33% agg_Mortar_=- 40 % ag g 


•9 


Propoitions 


Shrkg 


Proportions 


Shrkg 

c 

,S 

M 

.1 

V 

t 

S 

M 

A 

C 

t 

1). 

1 

1 57 

4.74 

4.30 

9.3 

1 > 

1.64 

4.10 

3.82 

6.8 

p. 

1 

1 .S3 

5.51 

5.01 

9.1 

1 I 

1.66 

4.14 

3.82 

7.7 


1 

1.70 

5.11 

4.54 

9.2 

1 ■ 

1 70 

4.24 

3197 

6.4 

1 ). 

2 

2.42 

7.29 

0.74 

7.4 

2 

2.44 

0.12 

5.89 

3.8 

p 

2 

2.15 

7.28 

0.02 

9.1 

2 

2.50 

0.28 

5.83 

7.2 


2 

2.35 

7.02 

0.30 

9.4 

2 1 

2.60 

0.47 

5.97 

7.7 

!). 

3 

XI.-, 

9.49 

8.78 

7.5 

3 1 

xui 

8.03 

7.30 

8.4 

p. 

3 

3.30 

9.92 

8.89 

10.4 

3 

3.31 

8.23 

7.02 

7.4 


3 

3.25 

9.72 

S.K3 

9 2 

3 ; 

3.43 

8 57 

7.90 

7.8 

I) 

4 

4.18 

12.09 

11.75 

74 

4 . 

4 24 

10.71 

9.84 

8.1 

p 

4 

4.28 

12.94 

11.06 

ft.O 

4 ! 

4 35 

10.90 

10.09 

7.9 


4 

4.87 

13.14 

11.78 

10.4 

4 1 

4.33 

10.84 

9.04 

11.1 

r>. 

5 

5.04 

15.05 

14.29 

5.1 

5 

4.42 

11.25 



p 

ft 

5.00 

15.00 

13.06 

9.1 

5 

5 .(ft) 

12.50 

11.56 

7.5 

K. 

5 

5.08 

15.20 

13.60 

10.5 

ft 1 

5.24 

12.90 




31 b. Density of concrete: thoro ramming, 

Vol of 1 :1 mortar, Vol of rammed cone, approx, 

0.33 X vol of agg, 0.91 \ vol of agg, 

0.40 X . 0.93 X . 

21 c. Density of aggrrgate: compacting:. Portage stone, 
broken to pass a 2" ring, and having 43.3 c / ( voids when slightly shaken in 
the measure, had only 37.4 % voids, as a mean of 5 trials, after being packed 
in the measure with a tamping iron, used about as forcibly as in ordinary 
ramming of cone. 


22. Tests of Metals. '00, pp 1109, &e. For Contractors Plant Co, 

22 a. Npeeiinens; Port cem, sand, crushed stone, 1:3:5. Stone 
passed thru a 2\i" nng; pieces passing a 14" ring screened out. 

A, hand-mixt; B ami € mixt in a portable gravity 
mixer 8 ft long, consisting of a steel trough containing numerous rows of 
steel pins, staggered. Water from a spray pipe strikes the mixer about 
midway its length. Hence cone is mixt dry in the upper half, and wet in 
the lower. 

Stone spread evenly on a platform in front of mixer 
Sand “ “ “ top of stone 

Cem “ " " “ /' sand. 

Material then shoveled into mixer. 

B. Allowed to form a cone-shaped pile, stones accumulating around 
edges. 

t\ Material, as discharged, levelled off with hoe. . 

12" cubes; beams from 4" X 6* to 6" X 6" 30" span. All, 2 days m air, 2 
moB in water, 1 mo in air. 


* Consistency: D = dry; P 
, . 100 (A-C) 

t Shrinkage « -r- 


plastic; E — excess 
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Atlas Port, 1 cem, 3 gravel (2 sand, l pebbles), 4 hard crusher run lime¬ 
stone; 8 cubes Louisv nat, 1 cem, 2 gravel, 3 stone. 

Same as used in track elevation masonry by Chic, Mil and St P Ry. 
Treatment. All the cubes made by same person in molds of 1* 
lumber, and left in molds until broken. 

KeMultn. 





Portland 

; Natural 




Temp, F Ibs/sq in. 

Temp, I 1 ' 

Ibs/sq in 

1 cube in warm office 28 days 

80° to 18°. >1290t 

85° to 40° 

300 

l 

“ “ “ “ 

28 41 : 

“ >1290+ 

“ 

defective 

1 

“ outdoors* 

28 “ ' 

57° to -24°, 902+ 

57° to-10° 

200 

1 

“ “ 

28 “ 

6901 

“ 

256 

1 

“ " 

28 “ i 





in office 

28 “ 

85° to 32° >1290t 

85° to 40° 

376 

1 

“ outdoors* 

28 11 ! 

57° to -24° 

157° to-10° 



in office 

28 “ | 

85° to 32° >1290f 

l85°to 40° 

352 

j 

“ outdoors * ** 

28 “ ; 

57° to-24° >1290t 

157° to-10° 

237 

1 


28 “ 

*• >1290f 

! “ 

247 


10 b. Character or aggregate ; comp Ntrenglh. 
Specimens. 12* cubes of Port cem, gravel and stone. Gravel, 2/3 
coarse, sharp sand, 1/3 pebbles from sand to 1 . Each result the average 

of 3 cubes. Age 28 days. 


Results. 


Ibs/sq in 

1:3: 4.5 

hard crusher-run limestone. 

.1270 

1:3: 4.5 

soft screened “ . 

.1170 

1 :3 : 4.5 

washed gravel H to 2 in.. 

.1050 

1:4:7 

soft screened limestone. 

. 714 

i . , . 3.5 ( 
1:4: 3.5) 

washed gravel % to 2 in } . 

.642 


19 c. Dirt in sand and aggregate; comp strength. 
Specimens. “Dirty” sand aha gravel contained apparently abt. 10% 
dirt “which had the appearance of containing a large amount of iron.” 


Results. 

With sand, tensile, 

With gravel, com; 

12* cu 


90 days, lbs/Q* 

28 days, 11 

w/cr 


1:1 

1:2 

1:3 

1:2.5 1 

l: 2.5 • 5 


457 

492 

349 

1097 

838 


627 

541 

430 

988 

928 

Dirtier. 

515 

514 

396 

1020 



- 20 - 


20. Edwin Thaeher, E N, ’99, Sep 21. 

20 a. “Several brands of Port cem were improved, in tensile strength, 
by a delay of from 1 to 4 hrs betw mixing and laying." Ransoms 


- 21 - 

21. Geo. W. Rafter, A S C E, Trans, Dec ’99, Vol 42, p 104. 

21 a. Volume; consistency, richness and proportion of mortar. 

Specimens; 544 12* cubes, broken on the U. S. Govt testing machine 
at Watertown, Mass. Port cem; sand, 86.5 to 93.5 lbs/cu ft; agg, broken 
atone. Cubes abt. 2 years old. 

“Dry,” only a little more moist than damp earth; 

“Plastic,” ordinary consistency used by masons; 

“Excess,” under moderate ramming the cone quaked like liver. 

* During the first part of the 28 days, temp fell to —10° and —20° 1' J 
afterward, thawing during day, freezing at night. 

+ Raked slightly. Strgths exceeded capacity (185,000 lbs) of machine 

I Cold believed to have retarded setting. 

*+ Mixed with salt water, 1 pint salt to 10 qts water. 
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- 27 - 

27. G. Y. flkeels. Asst City Engr, Sioux City, Iowa. E N, '02, Nov 6. 
p 382. 

27 a. Avs of 2 and 4 briquets, 1 day in air, 14 ds in water. Port cem. 

Under continuous mixing for 8 or 10 hrs, neat cem mortar lost about 
% of its tensile strength ; 1:2 lost about 

- 28 - 

28. Thos. S. Clark, Resident Engr in Chg of Construction of Man¬ 
hattan R R Power Station, New York. E N, ’02, Jul 24, p 68. 

28a. Ketempering; strength. Neat nat cem mortar mixed 
initially with 28 % water; sand nat cem mortar with 14 %. Retempered 
an hour after mixing, “enough water being added, as in practice, to bring 
the mass back to its original consistency.” One day specimens 3 hours 
in air, the others 24 hours. Retempered specimens showed, in general, 
about half the normal strgth. 

Similar results were obtained when the cem was moistened every 15 
mins during the hour. In such cases, in practice, the strgth is sometimes 
increased by adding a little fresh cem. 

Port cem mortars, rctempered after standing an hour, failed to show 
marked deterioration, probably because Port cem set3 more slowly than 
nat cem. 

- 29 - 

29. W. Purves Taylor, ASTM. Vol 3, p 376, '03. 

29 a. Age; sound new*. Ageing of finely ground cem permits hydra¬ 
tion of the Free lime, nearly always present, rendering it inert and preventing 
expansive action. Specimens, made with cem one wk old, were unsound; 
but, as the age of the cem increased, the soundness of the specimens improved 
until, when the cem was 5 wks old, the specimens were sound. 

29 b. Finencm; soundness. The larger particles of coarsely ground 
cem are not readily hydrated. A cem, of which 33 % remained on a No 200 
sieve and (3 % on No 100, checked and cracked in the boiling test; but 
became sound when reground until all passed the No 100 sieve and allowed 
to season for 2 weeks. 

- 30 — 

30. French Government Commission, Beton und Eisen, ’03, 
Vol 5. 

30 a. Ductility. Cone 1 : 2 : 4. Results similar to Considfcre s 
(see Expt 16 a). Ductility greater when hardened in water than when 
hardened in air. 

- 31 - 

31. Chas. List, Assn Eng Socs, Jour, Mar, '03, Vol 30, No. 3, p 128. 

31a. Effect of sea water at Gautemala, Central America 

Hollow piles, in sea water, filled with cone in which sea water had been 
used for mixing. Some of the mortar leaked out, and formed, with the 
surrounding sand, masses of cone which adhered to the piles. When piles 
were removed, cone was found perfectly hard and adhering tenaciously to 
the piles. . ... 

31 b. Railway bridge foundation, built 1895. Lean cone mixt with 
and standing in brackish water. Of excellent quality in ’03. 

31 c. Regrinding. Cem brought from Hamburg, Germany, in bbls. 
Vessel sprang a leak; cem considered a loss, and value refunded. Cem 
stored undet the floor of a warehouse with open sides and exposed to mois¬ 
ture of ground and to spray from sea. Cem caked hard enough to be used 
as foundations for wooden posts in buildings. This caked cem was broken 
as fine as possible, and mixt with sharp beach sand and brackish water. 
Cone perfectly hard in 3 days and used in bridge foundations in brackish 
water. 

- 32 - 


32. Geo. W. Lee, Jr., E N. ’03, Mar 19, p 246. 


32 a. New York Central R R. Forms (2* tongued and grooved pine) 
coated with soft soap ; openings in joints filled with hard soap. Cone 
deposited and drawn back from mold with a square-pointed shovel, and 1 : 2 
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Atlas Port, 1 cem, 3 gravel (2 sand, l pebbles), 4 hard crusher run lime¬ 
stone; 8 cubes Louisv nat, 1 cem, 2 gravel, 3 stone. 

Same as used in track elevation masonry by Chic, Mil and St P Ry. 
Treatment. All the cubes made by same person in molds of 1* 
lumber, and left in molds until broken. 

KeMultn. 





Portland 

; Natural 




Temp, F Ibs/sq in. 

Temp, I 1 ' 

Ibs/sq in 

1 cube in warm office 28 days 

80° to 18°. >1290t 

85° to 40° 

300 

l 

“ “ “ “ 

28 41 : 

“ >1290+ 

“ 

defective 

1 

“ outdoors* 

28 “ ' 

57° to -24°, 902+ 

57° to-10° 

200 

1 

“ “ 

28 “ 

6901 

“ 

256 

1 

“ " 

28 “ i 





in office 

28 “ 

85° to 32° >1290t 

85° to 40° 

376 

1 

“ outdoors* 

28 11 ! 

57° to -24° 

157° to-10° 



in office 

28 “ | 

85° to 32° >1290f 

l85°to 40° 

352 

j 

“ outdoors * ** 

28 “ ; 

57° to-24° >1290t 

157° to-10° 

237 

1 


28 “ 

*• >1290f 

! “ 

247 


10 b. Character or aggregate ; comp Ntrenglh. 
Specimens. 12* cubes of Port cem, gravel and stone. Gravel, 2/3 
coarse, sharp sand, 1/3 pebbles from sand to 1 . Each result the average 

of 3 cubes. Age 28 days. 


Results. 


Ibs/sq in 

1:3: 4.5 

hard crusher-run limestone. 

.1270 

1:3: 4.5 

soft screened “ . 

.1170 

1 :3 : 4.5 

washed gravel H to 2 in.. 

.1050 

1:4:7 

soft screened limestone. 

. 714 

i . , . 3.5 ( 
1:4: 3.5) 

washed gravel % to 2 in } . 

.642 


19 c. Dirt in sand and aggregate; comp strength. 
Specimens. “Dirty” sand aha gravel contained apparently abt. 10% 
dirt “which had the appearance of containing a large amount of iron.” 


Results. 

With sand, tensile, 

With gravel, com; 

12* cu 


90 days, lbs/Q* 

28 days, 11 

w/cr 


1:1 

1:2 

1:3 

1:2.5 1 

l: 2.5 • 5 


457 

492 

349 

1097 

838 


627 

541 

430 

988 

928 

Dirtier. 

515 

514 

396 

1020 



- 20 - 


20. Edwin Thaeher, E N, ’99, Sep 21. 

20 a. “Several brands of Port cem were improved, in tensile strength, 
by a delay of from 1 to 4 hrs betw mixing and laying." Ransoms 


- 21 - 

21. Geo. W. Rafter, A S C E, Trans, Dec ’99, Vol 42, p 104. 

21 a. Volume; consistency, richness and proportion of mortar. 

Specimens; 544 12* cubes, broken on the U. S. Govt testing machine 
at Watertown, Mass. Port cem; sand, 86.5 to 93.5 lbs/cu ft; agg, broken 
atone. Cubes abt. 2 years old. 

“Dry,” only a little more moist than damp earth; 

“Plastic,” ordinary consistency used by masons; 

“Excess,” under moderate ramming the cone quaked like liver. 

* During the first part of the 28 days, temp fell to —10° and —20° 1' J 
afterward, thawing during day, freezing at night. 

+ Raked slightly. Strgths exceeded capacity (185,000 lbs) of machine 

I Cold believed to have retarded setting. 

*+ Mixed with salt water, 1 pint salt to 10 qts water. 
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cracks, corresponding to the lowest unit stretches, were invisible on dry 
cone, but were detected, in moist cone, by the appearance of narrow wet 
streaks about wide. A little later, they showed as dark, hair-like cracks. 
- 37 - 

37. Prof RauHchintfcr, “Beton und Eisen,” ’04, Yol IV, p 193. 

37a. Corrosion: adhesion. 

Fragments of leinfd cone plates, broken, in testing, ’87; exposed 
outdoors until examined m '92. Adhesion; cone broken off by hammer 
blows, breaking only in immediate vicinity of blows. Corrosion; steel 
rust-free, even close to the exposed surfs of fracture. 

37b. Tank, injured by rougfh treatment: cracked; reinfmt laid 
bare in places. Rust only where so exposed. Adhesion as in 37 («)._ 

37 c. Fragments of Monier plates 6 to 8 cm thick. Exposed, at inter¬ 
vals for about 4 yrs, to sewage-polluted water. Cone remained hard; 
leinfmt rust-free 1 cm from exposed surface; adhesion excellent. 

- 38 - 

38. A. Kleinlogel. Beton und Eisen, ’04, Vol 2. 

38 a. Ductility. Keinfd cone beams 15 X 30 cm, 220 cm long. 
1:1 .2, cem, sand, limestone screenings. Kept under moist sand 6 mos. 
Bendg mom constant thruout measd portion. Dint stretches in cone; 
reinfil, 0.000148 to 0.00019*1; plain, 0.000143. 

- 39 - 


39. Clarence Coleman : Report, Chf of Engra, USA, *04. Part TV. 
Universal Port cem made from blast furnace slag. 


Av tensile strgth, lbs/Q* 
Sand* Mix WaterJJ 7 28 6 1 3 

39 a. 


da da 

mo 

yr yr 

Cem in good condition.JQ 

1 3 

12.5 '176 1298 

424 



Cem exposed in sacks to dump-! 

ne»N.'Q 

1 3 

! 

12.5 ,173 ’260 

411 



Caked hard. Not set. lteground Q 

1.3 

12.5 1199 1274 

424 



39 b. 

Cem as received on works.Q 

1.3 

I ! 

12.5 jl.00 tjl-001 




Cem after 4 to 10 mbs in sacks in! 

warehouse 1 .jQ 

1:3 

12.5 11.171 1.09 t 




39 <*. 

Cone hand-mixt on platfonnfS 

1:10 

Random 134 1211 

324 

343 


Cone mixt in cubical batch-; t 
inixer|§. :S 

1:10 

Random 253 1274 

385 

391 


39 d. ! 

Ah in laboraf v. 24 hours inj 
damp closet, then immersed 
until broken If.,S 

1:10 

Random 262 ,366 

420 

462(394 

Ah on work, 10 days under! 
damp cloth, then in air until | 
broken^. 

1:10 

Random 222 :388 

415 

643 

834 

39 e. 

1.3 

8.25 '254 289 

380 

399 


S.25% water**.|S 

1:3 

9.25 244 317 

398 

437 


39 f. 

Pebbles to inch .IS 

Pebble. % to % inch.IS 

1:10 

Random 1 164 275 

446 

445 


1:10 

Random'184 314 

458 

464 


3ft g. j 

1:3 

8.25 1183 259 

361 

340 


Sand with small % clay .[Stf 

1:3 

8.25 '183 272 

392 

369 


*Q « Standard crystal quartz. 






S = Superior Entry sand; passing sieve.No. 4_ 10 20 

30 

50 


% 100 72.3 46.1 26.5 5.1 


t Relative strgths. t Briquets made of cone taken from the works. 

I A batch of very perfectly mixt cone in 80 secs. 

if Cone taken from mixing platform Stones larger than % n removed. 
*+ in order to approx working conditions, the mortar was allowed to stand 
30 mins longer than under ordinary treatment. 

ttPassing No 10 sieve. tt Water in percentage of dry agg 

CO 
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- 40 - 

40. Prof Chat). L. Norton, E N, ’02, Oct 23, ’04, Jan 14. 
Corrosion. Several hundred briquets of various mixes and consist¬ 
encies with steel imbedded, subjected to air, steam and carbonic aeul. 

40 a. Steel clean when Imbedded. 3 wks exposure. 

Steel perfectly protected by neat cem m all cases, and where the mortar 
was mixt wet, so as to cover the steel with thin grout. 

In cone, rust found only where voids or other defects existed. 

40 b. Steel rusted when Imbedded. 1 to 3 mos exposure. 
Changes, in Bize of steel, occurred only where cone had been poorly applied. 


- 41 - 

41. John N. Newell, on Baltimore lire. E N, '04, Mar 24. 

41 a. Results. “Concrete undergoes more or less molecular 
change in tire, subject to some spalling. Molecular change very slpw. 
Calcined material does not spall off badly except at exposed square corners. 
Efficiency, on the whole, is high. Preferable to commercial hollow tiles 
for both floor arches or slabs, aud col and girder coverings.” 

41 b. Remfd cone cols, beams, girders, and floor slabs, at least as de¬ 
sirable as steel work protected with the best commercial hollow tiles. 

41 c. “Stone cone spalls worse than any other kind, because the pieces 
of stone contain air and moisture cavities, and the contents of these rup¬ 
ture the stone, when hot. til ravel is stone that has had most of these 
cavities eliminated by splitting through them, during long ages of exposure 
to the weather. It is therefore better than stone for fire-resisting cone.' 

41 d. “ Broken bricks, broken slag, ashes and clinker all 
make good fire-resisting cone.” 

41 e. “Cinders containing much partly burned coal, are unsafe, be¬ 
cause these particles actually burn out and weaken the cone. Locomotive 
cinders kill the cem, besides being combustible. Cinder concrete is safe 
only when subjected to the most rigid and intelligent supervision; when 
made properly, of proper materials, however, it is doubtful whether even 
brickwork is much superior to it in fire-resisting qualities, and nothing is 
superior to it in lightness, other things being equal.” 


42. Emile Eow, A S C E, Trans, June '04, V)1 52, p. 9C. Buffalo 
Breakwater. 

42 a. Shrinkage. 


Cement. 

Sand. . . . 

Pebbles.... 

. 258 cu yds 

.365 

. 1175 

.972 

Total Materials. .. 


Blocks made. 

.2054 

Shrinkage. 

.716 


- 43 - 


43. Alex. B. MoncrielT, Engr in Chief, South Australian Govt 
Letter to authors, June 7, '04 


43 a. rormeabilily. 

Specimens. Cone blocks, 2 ft cubes (8 cu ft), for expts in connection 
with construction of Barossa dam. Ingredients same as used on dam. 
Agg to 2", with varying voids. Preparation of aggs very carefully 

Treatment. Water brought t,o cen of block in H" wrought iron pipe 
terminating in a T piece, wrapped with hemp which formed a bulb au 

K<‘Ml!t«. All block, became practically tight. Cone 
used in dam "was based upon the results of the expts principally with blocs* 
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Nos 7 and 8." There is "practically nothing that could be called a leak" 
thru the dam.* 

Q — vol of mixing water, % of volume of cone; 

v . inn vol of mortar — vol of voids 

X — excess mortar = 100 -I 

vol of voids 

A *= age of block, in weeks, when subjected to pres; 

I = interval in mins, betw application of pres and appearance of water 
on surf of block; 

Head =* 100 ft => 43.4 lbs/G.* Under 200 ft (86.8 lbs/rj") "the effect 
closely resembled the results obtained from the head of 100 ft." 

Observed Leakage* 


Q X A 1 Mean rate 


No. 

Cem. Sand 

Agg 

% 

% Weeks 

Mins. 


Pints 

U. S gals/m< 

1 

1 

1.84 

5.26 

16.65 

5 

11 

t 


t 

t 

2 

1 

1.84 

5.26 

15.45 

5 

11 

34 

n 

in 7 wks. 0.065 

3 

1 

1.50 

4.63 

16.04 

5 

10 

18 


“ 4 

0.005 

4 

1 

2.00 

4.50 

16.04 

15 

10 

14 

14 

“ 2 

‘ 4.000 

5 

1 

1.75 

4.13 

16.65 

15 

9 

12 

27 

“ 7 

‘ 2.353 

6 

1 

1.50 

4.12 

16.04 

10 

8 

35 


" 2 

* 0.006 

7 

1 

1.50 

3.90 

14.26 

12.5 

6 

28 

% 

" 2 

1 0.037 

8 

1 

1.50 

3.70 

13.68 

15 

5 

30 


" 2 

* 0.006 


- 44 - 

44. Edwin Timelier, A S C E, Trans, ’05, Vol 54, pp 425, &c. 

44 a. F.irect of cold. Mel an arch bridge, at Mishawaka, Ind, 
6 spans, 110 ft each, built in temps ranging from 0° to 55° I 1 '. Hot water 
admitted to mixer. Cone laid at blood heat; warm enough to melt snow 
18 hours later. Center arch completed with temp about 25° F. The next 
day, temp fell to 0° F. Two wks later, an ice jam carried out the centering 
and left the arch unNupported. No bad effects observed; settlement 
but little greater than with the other arches, centering under which was 
removed later and m the usual way. 

44 b. Finish. 

Bridge at Oconomowoe, Wis. Mortar face, 1 cem : 1 granite screenings 
: 1 torpedo sand. On the second day after completion, molds removed and 
surf rubbed with a soft stone and water. 

Inman arch, Hohenzollern. 1 cem : 5 broken limestone. After setting 
12 hrs, the loose cem was removed by water and brushes. 

Pacific Borax Co’s factory, Bayonne, N. J. Finished to represent coursed 
ashlar, by inserting wooden strips m the molds and dressing the faces with 
a pneumatic hammer. One man could dress from 300 to 000 sq ft in 10 
hours by machine, 100 to 200 by hand. (Jood effect. 

"Mr. Cummings produced a good finish by going over the surf with a 
wire brush while the cem was still green.” 

Utica & Mohawk Valley Ry viaduct, Herkimer, N. Y., and viaduct over 
rys at Jacksonville, Fla. "A very superior finish.” For a hard wall, wet 
the surface and apply a thin 1 ; 2 mortar with a brush. Rub surface with 
a piece of grindstone or carborundum, removing board marks, filling pores 
and producing a lather on the surf. Go over this lather, before it dries, 
with a brush dipped in water. 

For a green wall (molds removed in less than 7 days,) use a thin grout of 
neat cem, instead of the 1 • 2 mortar. Remainder of process as above. 

Use smooth molds, deposit wet cone directly against them. After re¬ 
moving molds, float the surf with a wwiden float, using only sufficient 
mortar to fill the pores and give a smooth finish. 

44 c. CorroNion. . , 

Chicago. Iron rods, in limestone cone slabs which had covered sidewalk 
vaults for 8 or 10 yrs, rust-free. E. L. Ransome. 


♦See 1 4, p 1271. 


t Unreliable. 
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- 40 - 

40. Prof Chat). L. Norton, E N, ’02, Oct 23, ’04, Jan 14. 
Corrosion. Several hundred briquets of various mixes and consist¬ 
encies with steel imbedded, subjected to air, steam and carbonic aeul. 

40 a. Steel clean when Imbedded. 3 wks exposure. 

Steel perfectly protected by neat cem m all cases, and where the mortar 
was mixt wet, so as to cover the steel with thin grout. 

In cone, rust found only where voids or other defects existed. 

40 b. Steel rusted when Imbedded. 1 to 3 mos exposure. 
Changes, in Bize of steel, occurred only where cone had been poorly applied. 


- 41 - 

41. John N. Newell, on Baltimore lire. E N, '04, Mar 24. 

41 a. Results. “Concrete undergoes more or less molecular 
change in tire, subject to some spalling. Molecular change very slpw. 
Calcined material does not spall off badly except at exposed square corners. 
Efficiency, on the whole, is high. Preferable to commercial hollow tiles 
for both floor arches or slabs, aud col and girder coverings.” 

41 b. Remfd cone cols, beams, girders, and floor slabs, at least as de¬ 
sirable as steel work protected with the best commercial hollow tiles. 

41 c. “Stone cone spalls worse than any other kind, because the pieces 
of stone contain air and moisture cavities, and the contents of these rup¬ 
ture the stone, when hot. til ravel is stone that has had most of these 
cavities eliminated by splitting through them, during long ages of exposure 
to the weather. It is therefore better than stone for fire-resisting cone.' 

41 d. “ Broken bricks, broken slag, ashes and clinker all 
make good fire-resisting cone.” 

41 e. “Cinders containing much partly burned coal, are unsafe, be¬ 
cause these particles actually burn out and weaken the cone. Locomotive 
cinders kill the cem, besides being combustible. Cinder concrete is safe 
only when subjected to the most rigid and intelligent supervision; when 
made properly, of proper materials, however, it is doubtful whether even 
brickwork is much superior to it in fire-resisting qualities, and nothing is 
superior to it in lightness, other things being equal.” 


42. Emile Eow, A S C E, Trans, June '04, V)1 52, p. 9C. Buffalo 
Breakwater. 

42 a. Shrinkage. 


Cement. 

Sand. . . . 

Pebbles.... 

. 258 cu yds 

.365 

. 1175 

.972 

Total Materials. .. 


Blocks made. 

.2054 

Shrinkage. 

.716 


- 43 - 


43. Alex. B. MoncrielT, Engr in Chief, South Australian Govt 
Letter to authors, June 7, '04 


43 a. rormeabilily. 

Specimens. Cone blocks, 2 ft cubes (8 cu ft), for expts in connection 
with construction of Barossa dam. Ingredients same as used on dam. 
Agg to 2", with varying voids. Preparation of aggs very carefully 

Treatment. Water brought t,o cen of block in H" wrought iron pipe 
terminating in a T piece, wrapped with hemp which formed a bulb au 

K<‘Ml!t«. All block, became practically tight. Cone 
used in dam "was based upon the results of the expts principally with blocs* 
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46 d. Cone did not break or chip under fire; but lost practi¬ 
cally all 8trgth to a depth of 4" from sides and bottom, and softened per. 
ceptibly thruout. The cem and most of the stone were thoroly calcined at 
surf, and, to a diminishing extent, to a depth of 4". In all cases, a little 
water appeared in cracks running across the beams, especially with 
the richest mixtures and with temp at 212° F. 

46 e. Recommendations. Materials should be well mixt, wet, 
by machine, and well tamped. Imbedment should be < 2"; in important 
cases, 3". 

- 47 - 

47. John If. Quinton. U. S. GeolSurv, "ExptsonSteel-conc Pipe* 
on a Working Scale,” U. S. Water-Supply and Irrigation Paper 143, '05. 

47 a. Permeability. To determine availability of such pipes under 
pres, for U. S. Reclamation Service. 

Specimens. Seven reinforced hand-mixed cone pipes, 5 ft diam, 6* 
thicK, 20 ft long; each made in one section; one, same dimensions, in 4 
secs. Skilled workmen. In 3 of the 7 pipes, and in 3 of the 4 secs of the 
8th pipe, lime was used in the mixture. 

The pipes valued greatly in texture. One of them “seemed to be of a 
crumbly nature, ami it would have been easy to eut a hole through it." 
Another was “exceedingly hard.” 

Treatment. The pipes were tested with and without inside linings of 
cem and sand, etc, with and without lime paste. The Sylvester soap-and- 
alurn wash (p 92$), P and B waterproof paint, and other paints were tried: 
and clay was stirred up in the water within the pipes. Pressures up to 
70 lbs/CT - 161.5 ft. head. 

Result**. 

47 b. In spite of all precautions, the pipes leaked, especially along tamping 
seams. Leakage decreased greatly under pres, as percolating 
water filled the pores with laitance; but in the mean time the leakage may 
be sufficient to damage foundations of pipe. 

47 c. Dry mixture* gave the more permeable cone. 

47 d. With carefully graded gravel*), it was found difficult to secure 
uniform distribution of the din sizes. 

47 e. Keep cone shaded while mixing and placing. 

17 f. Interruptions to work are least dangerous with wet mixtures. 
in tamping, avoid displacement of reinforcement. 

47 g. Make reinforcemt strong enough to protect cone against ten¬ 
sile stress. 

17 h. Soup and alnm mixture of advantage in making cone; but 
V\ planter found advisable on inside, in two coats, the first with lime paste, 
to retard setting; the second (applied when the first is dry) to be troweled 
smooth. When dr^, apply thick neat cem wash. 

47 1. Reinfd cone pipes not recommended for heads over 70 ft (30 lbs 
/□"). For short dists, special precautions may justify 100 ft (43 lbs/O''). 

47 k. Cone pipes liable to crack, especially along tamping seams; 
but, even if cracked, probably drier and more durable than other kinds. 

47 1. When the pipes were broken up, rust appeared upon only 1 rod, 
which was rusted all around for a length of about 1 ]/£, where a large and 
long-continued leak had occurred. The pipe had been lined with a mortar 
containing sal ammoniac (ammonium chlonde) and iron filings. 

- 48 - 

48. Consldere. Beton und Eisen, '05, Vol 3 

48 a. Ductility. 

Specimens. Mixture, 400 kg Port cem, 0.4 cu m sand, 0.8 cu m lime* 
stone screenings. Beams 15 X 20 cm, 3 m long. Tension side reinfd with 
2 iron bars 16 mm round, and 3,12 mm rd. Bendg mom constant thruout 
measd length. , 

Treatment. One beam kept in water, one under damp sand, 6 mo* 
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Result*. Max unit stretches 


kept under water ...0.00107 

“ “ damn sand.0.00050 


No cracks discovered, altho the surf was smoothed with cem. 

Strength unaffected. 

- 49 - 

49. R. Feret, "A Treatise on Concrete, Plain and Reinforoed,” by 
Taylor and Thompson, *05. 

49 a. The injurious action of sea water is due chiefly to the sulfhrlc 
acid of the dissolved sulfates; hence, the cem should contain as little 
gypsum (lime sulfate) as possible. Port cem should be low in aluminum 
and in lime. The presence of puzzolamc material is advantageous. The 
jonc should be dense and impervious. 

- 50 - 

50. Prof Ira H. Woolsou, Report to Astoria Light, Heat and 
Power Co., '05. 

50a. Character; strength. 

Strengths in lba/D' f 


Tensile Compressive 

Port Cem, 1 : 2 : 4 . --*-7 »-*-- 


Max 

Av 

Min 

Max 

Av 

Min 

Sand & broken limestone...... 176 

161 

153 

2000 

1753 

1441 

Crushed* & broken limestone 282 

194 

138 

3400 

2449 

2040 


50 b. Sand contained < 1 % loam; all past sieve; 75 % past 20 
mesh sieve. Hudson It bluestone (limestone) passing 1 Y," screen, retained 
on %" screen. Cone tampt wet iu molds, 1 or 2 days in air, 5 or 6 in water. 
Air dried 4 to 7 wks. Results, see 50 a. 

- 51 - 

51. Prof R. C. Carpenter, Cornell Univ, Sibley Jour of Eng'g, 
Jan, '05. 

51 a. Retardation of setting; gypsum (lime sulfate) CaSO* 
and calcium chloride, CaCl 2 . Both ground dry with the clinker. 
Initial set; paste bears a rod V12 inch diam, loaded with Y lb. 

Final set; “ “ “ “ V 24 “ 14 “ “ 1 lb. 

Time, in both cases, reckoned from time of mixing, and given in mins. 

Results. Percentage by weightf 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 5.0 6.0 7.0 
Time in minutes 

Initial CaS0 4 2 6 . 80 24 29 30 27 28 27 19 18 

“ r.n/’L . 9. 115 Iftn 1 fi7 127 103 45 07 73 68 .. 


uauio . . z 110 iou 107 izy iu.i 40 w .. 70 00 .. 

Final CaS0 4 .52 87 . 157 114 79 69 72 45 59 37 59 

CaCl 2 .52 274 272 234 212 180 182 y l85 160 145 .. 


51 b. E. Candlot (Ciments et Chaux Hydrauliques) found that concen¬ 
trated solutions of CaCl 2 (such as 100 to 400 grams per liter) accele¬ 
rated setting and hardening. 

51 c. Addition of slaked lime to a cem containing gypsum which, 
with time, has lost its retarding effect. 

Initial, mins Final, mins 

2 % gypsum, no lime-. 12 15 

“ “ + 5 % “ .120 300 

2 to 5 % of lime is useful in this respect, but not without the gypsum. 
The lime does not diminish the strgth. 

- 52 - 

02. Jim. C. Haiti. Chic, Mil and St P Ry. E N, ’04/Apr 28. p 413 
E R, *05, Jan 28, p 103. hand; sice and cleanliness. _ 

*%” crusher screenings; 87 % past Yk" sieve, 40 % past sieve. 

11 % *■ about 4 lbs CaCl 2 to a parrel of Port cem. 
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Specimens. 

52 a. Impure sands. 

1 3 Port cera mortars, made with 

(a) sand of smooth rounded quartz grains, mixt with larger fragments 
af limestone shells. 92 % past No 24 sieve, 28 % past No 50; 

(b) "St Paul standd sand,” 54 % past No 24; 11 % past No 59; 

(c) "Ottawa standd sand.” 

Results: 

Relative tensile strgths (a) 100; (b) 137; (c) 107.5. 

Sand (a) made excellent cono in a draw-span center pier. 

1 :3 Port cem mortars, with sand containing 3.2 to 15 % clay; strgtha 
< with clean sand With nat cem 1 : 3, and Port 1 ; 2, the results were 
generally favorable to the cleaner sand. 

Sand with 6 % clay gave stronger mortars before than after washing 

Sands, to which 2 to 20 % rich loam had been artificially added, gave 
mortar testing somewhat irregularly but in general higher than those with 
clean sand. 

52 b. Fine sand, with clay. A sand, all passing No. 100 sieve. 
93.2 % passing No. 200 (therefore finer than most cem. See Specfs), and 
containing 12 % clay, gave a 1 : 3 Port cem mortar showing, at 6 moa 
and 1 yr, nearly the same tensile strgth as similar mortar made with "Ot¬ 
tawa standard sand,” but the mortar was weaker at shorter periods. 

- 53 - 

53. Jas. C. Hain, Engr of Masonry Constn, Chic, Mil and St P Ry, 
E N, ’05, Mar 16. 

Oil. Tests by Geo. J. Griesenaner. 

53 a. A neat Port cem briquet, 2 yrs old, exposed to occasional 
drippings of signal oil, began to disintegrate in 10 mos; but no recent cono 
structures were found perceptibly injured by oil. A cone floor, upon 
which lubricating and lighting oils had been stored for 6 yrs, was apparently 
unaffected Oil penetrated about Via*'- A piece of this floor, in oil 10 
mos, still sound. 

53b. Port cem; neat; 1:3 sand; 1:3 limestone screengs; 18 bri¬ 
quets each; 4 days in air. Then saturated daily with signal oil; later 
less frequently. Cracks appeared in the 1 : 3 specimens in 2 'A mos; in 
neat specimens in 5 mos. All the briquets disintegrated eventually. 

53 c. Port cem; 54 briquets, neat; 36 briuuets 1: 3 sand. 7 d in 
air. Then saturated daily with oil; later, less frequently. Oils used; 
extract lard, whale, castor, boiled linseed, crude petroleum, signal. Cema 
made from limestone and clay, marl and clay, limest afid slag, Lard oil 
disintegrated most of the briquets in from 2 wks to 2 H mos, but some re¬ 
mained sound for 9 mos. Signal oil (animal and mineral mixt) had nearly 
the same effect. Whale and castor oil affected only a few briquets; while 
petroleum and boiled linseed disintegrated no briquets. Petroleum di¬ 
minished strgth somewhat. Boiled linseed formed a protective coating 
and did not affect strgth. As a rule, the neat briquets yielded first In 
general, briquets of limestone and slag yielded mpst; those of limestone 
and clay least. 

53d. Nillca cem; neat, 1:1, 1:2, 1:3. sand. 1 briquet each. 
2 yrs in water; 20 days in warm air. Signal oil 2 yrs. First 3 briquet* 
sound; 1 briquet (1:3) disintegrating. 

53 C. Linseed oil, Sylvester’s process (p 1220), paraffine, and water glass 
(soda silicate) were applied, as coating*), to the briquets, but all failed 
to protect them against the action of the oils. 

53 f. Rich cone, well made of good materials and well set and sea¬ 
soned, is best for resisting oil. In practice, cone otructurea are rarely, 
if ever, saturated with oil, as were these specimens. 

- 54 - 

54. Chas. A. Matcham, Nat Builders’ Supply Assn, E R, *05, Apt 
15, p 435. 

54 a. Corrosion. 


am 


CONCRETE. 
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Specimen* and treatment. 6-inch cone cubes, 3 yre old, with 3' 
steef cubes embedded 

'Two cubes, with nn pain ted 3" steel cubes embedded, exposed to 
Bummer and winter weather, and sometimes covered with hiiow and ice. 
Result*. 

Steel uninjured. Crushing strgths, 2920 lbs and over 4166 lbs/p". 
One 6" cube, with 3" steel cube (painted with metallic paint) embedded, 
placed in bottom of river. Steel uninjured l*alut disappeared. 
Crushing strgth, 2907 lbs/G". 


- 55 - 

55. Prof Ira II. Woolson. E N, '05, Jun 1. 

55 a. Absorption. 

Specimen*. 8" cubes, 1:2:4, 3 weeks old, kiln dried 13 days at 
120° F. 

Part with sand with < 1 % loam; all past 0.125" screen ; 75 % past 
20-mesh sieve. Part with %" limestone crusher screenings; 87 % past )4" 
screen; 40 % past 0.125" screen; sand and dust, enough to fill voids. Stone 
past 134" ring. 

Result*. 

Av absorption; 4 hours, 2.87 %; 24 hrs, 2.95 %; 48 hrs, 3.33 %. No 
marked dill betw Hand and screenings. 

- 56 - 

56. W. C. Hoad, Univ of Kansas. E N, '05, Aug 10. 

Clay and l.oam*, strength and absorption. 

56 a. Port cem with (a) standd Ottawa sand, 1 : 3; (b) 2 to 20 % of the 
sand replaced by clay or loam. At 90 days, relative strgths; in general: 
(a) 100; (b) 94 to 125. 

56 b. Up to 6 or 8 % clay or loam, there was no increase of absorption, 
with loam; and about 10 % decrease, with clay. With higher per¬ 
centages, the absorption increased somewhat. 

- 57 - 

57. Eng News, '05, Sep 28. 

57 a. Permeability. 

Reinforced concrete cistern, 75,000 gals. 1:2:4, Port cem, 
river sand, gravel. 1" layer of 1 : 1 mortar on bottom. Walls 
Washed with 3 coats neat cem gront, cream consistency, put on with 
whitewash brush after walls were well wetted. Each coat dried for 24 hrs. 
If too wet, the coating crackt. If too dry, it could not be brusht on. For a 
few days after filling, lost r Ho" in depth per day. Perfectly tight since. 
Cistern built with outside air at temp below 20° F; but was covered 
with boards, and two coke salamanders were used. 

- 58 - 

58. Prof Ira H. Woolson, E N, '05, Nov 2. 

58 a. Flow. 

Specimens. Cols, 4" diam, 12" long, formed in steel tubes, 34" to 
M” thick, and allowed to set and remain there for 17 days, when the cone 
appeared very hard. Cone remained in tubes during tests. 

Results. Under loads of 150,000 lbs, the cols in the stouter tubes were 
merely shortened < 34"; but under loads of 120,000 to 150,000 lbs, the 
cols, in some of the lighter tubes, were bent out of shape and shortened by 
334". their diam increasing from 4" to about 5", Upon removal of the tubes, 
the cone was found unbroken, solid and perfect! 

- 59 - 

59. J. M. Braxton, U. S. Asst Engr. Reports, ’€5-6 E N, '0& 
May 14 p 525. 

Corrosion in sea water. 
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59 a. Yt steel rods imbedded in 4 cone blocks made with coral sand and 
broken brick. 2 blocks in 4 ft of sea water; 2 in a dry closet, both for more 
than a yr. The rod in one of the dry blocks showed signs of rusting. The 
others were as bright and smooth as when placed. 

59 b. 30 blocks, 12" X 12" X 0"; Port cem, 1 :3 : 5, broken brick. 
Made under usual working conditions. %" twisted steel rod, 8" long, in 
cen of each block. 20 blocks with coral sand, 10 with ordinary quartz 
sand. Half of each placed in ocean, half in air without roof. Broken after 
1 yr, 3 wfcs. In all the blocks placed in the ocean, the rods were found in 
perfect condition. All the others were more or less rusted. 

- 60 - 

60. Win. R. RAldwin-Wlscnian, Instn C E Procs, '06, Vol 163, 
p 310. 

60 a. Puddling; effect of water llowing thru cone discs, 13" diam, 6 " 
thick, 1 : 4 Port cem, crushed giavcl passing 1" ring. Sp gr ol cone 2.23, 
140 lb-i/cu ft. In wooden molds 10 wks. Water, for pres, pumped from 
chalk formation, hardness reduced from 18° to 6°. Air temp 12° to 15° C 
- 54° to 59° P. Pressures, 24 to 60 lbs/lT = 55 to 139 ft. Leakage as 
per Fig 4. Toward the close of the expts, small Stalac title growths 



Fig I. Puddling. 


formed on bottom of test piece, and leakage was absorbed by evaporation. 
Near the surf, the water, under high pres, dissolved out some of the material, 
but deposited it in the pores farther on, where the pres had been reduced by 
passage thru the block. 


- 61 - 

61. Nanford E. Thompson. A ST M, Procs, Vol VI, 1906, p379. 

61 a. Consistency; effect npon density.* permeability 
and compressive strength. 

Density and permeability specimens, 21 days old; comp strgth specimens 
5 H mos. 


Specimens. 

Atlas Portland cem; Newburyport sand, sp gr = 2.65; trap, sp gr « 2.78.. 

1 ; 2.3 : 4.6 by vol; 1 : 2 : 4 by wt. 

Consistencies used. Water, % 1 

Dry. Like damp earth; water glistened on surf under hard 

ramming.. • •; • •••.••• v j * • ^.4 

Medium. 1 ,ooked wet when imxed. Did not flow in mixing 

box. Slightly quaking. 6.9 

Wet 9.2 

Very wet! ’ Like ’thick soup. Settled to a level .in mixing 
box. Required scoop shovels for handling. Slightly wet¬ 
ter than usual in building work. 11.0 

Extremely wet. ld.7 


* Density — vol of solid particles in unit vol of cone, 
t Percentage of weight of cem, sand and stone. 









1330 


CONCRETE. 


Fop Directory to Experiments, see pp 1303-7. 
Results. See Fig 5. 



For a given consistency, the percentage of water depends upon the 
nature of the cem, and upon the size and dryness of the sand grains. A fine 
sand, or one with many fine grains, may require twice as much water as 
coarse sand requires. 

61b. Elastic modulus. Twelve 12" cubes, deformations measd ic 
5" gaged length. Averages of 4 specimens, 1 : 2 : 4; approx 1, 2, 6 and 17 
mos old. Dry, 4,450,000 Ibs/fJ"; medium, 4,200,000; very wet, 3,000,000 
No appreciable increase of modulus with age. 

61 c. Age; permeability. Blocks tested at 21 and 84 dayB, showed 
permeabilities abt as 2 : 1. Pressure, 80 lbs/sq m *- 185 it of water. 

61 d. An excess of water washes out fine cem, forming laitanee. 
reducing atrgth and increasing permeability. Thickness of laitanee 
formation, W in very wet mixtures. 

61 c. Mr. Thompson concludes that, in building anil other 
reinfd work, the cone should be only wet enough "to flow sluggishly around 
and thoroly imbed the steel and permit smooth surfaces against the forms,” 
and that medium or quaking cone is suitable for ordinary mass cone, such 
as foundations, heavy walls, large arches, piers and abuts. 

62. A. Black, E N, ’0G, Aug 30, p 236. 

62 a. Character of sand; strength and absorption. 

Bpecimens. Passing No 

170 sieve. 

A, crushed gneiss, screened thru Yf mesh.90.8 % 

B, Cowe Bay sand, much used in and about New York .. 95.8 % 

C, fme clean silicious sand.95.5 % 

Results. In 7 and 28 days, 1 : 2 and 1:3 mortars, A and B gave, in 

general, from 20 to 50 % greater tensile and comp strengths than C. In 
general, the stronger mortars showed the higher absorptions. 

- 63 - 

63. Alex. B. Moncrieff, E N, ’06, Aug 30, p 227. 

63 a. Briquets in water 2 yrs, in air 7 days and in oil 6 mos. In general, 
neat cem lost from 0 to 36 % strgth, while 3 : 1 gained from 0 to 65.5 %, 
by air drying and immersion in oil. 

63 b. Briquets in air 7 days; then 6 mos in either oil or water. The neat 
cem briquets in oil were from 0 to 55 % weaker than the neat cem in water; 
the 3 ; 1 briquets in oil were 49 to 79 % weaker than those in water. 
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63 C. Briquets in water 9 wks; others in water 4 wks, in air 1 wk and in 
oil 4 wks. With few exceptions, the neat cem briquets in oil were from abt 
0 to 40 % stronger than like briquets m water, while the 3 :1 briquets were 
from abt 0 to 63 % stronger than like briquets in water. Many of the oil- 
treated briquets “snapped like flint.” 


- 64 - 

64. Prof Arthnr N. Talbot, Univ of Ill. Bull, Vol IV No. 1, 

'06, Sept 1. 

64 a. Adhesion and friction. ’04. 

Specimens and results. 

Mix. 1:3: 6. 

Pull, in lbs/rr of net section; 

Elastic limit, in lbs/Q"; 

Adhesion, in lbs/Q" of imbedded surf: 

Johnson bars Round bars Square bars 


)4 H* H" W Vf H” 

Pull.71,412 34,500 31,500 21,500 35,656 26,510 20,860 

El as Um.60,000 58,300 42,500 40,500 45,000 33,300 35,000 

Adhesion. 595 420 249 315 297 286 325 

With all the Johnson bars, the specimens split or broke. All the 
plain rods slipped. 6 of the 11 Johnson bars, and 4 of the 11 bars 
square, were “struck 6 quarter-swing blows with a 10-lb sledge,” reducing 
their adhesion by abt 5 to 20 %. 

Specimens. 

64 b. ’05-6. Cylinders, 6" diam, 6" and 12" long; 60 days old Mixture 
of Am Port ccms, tensile strgth, neat, 723 lb/Q" at 7 days; 1 : 3, 354 at 7 
da, 533 at 75 ds, coarse mortar sand; broken limestone, screened thru 1" 
and over Yi" screen. Metal, elas lim, ibs/Q"; Mild steel (M), Round 
38,000; Flat, 45,000; Cold rolled shafting (C), 87,000; Tool Bteel (T) 
53,000. 


Lbs/Q" im- 

Imbedded bedded surface 


of 

tests 

Steel 

Size 

Mix 

length, 

ins. 

Adhesion 

Friction 

//a 

6 

M 

14" round 

1:3; 5.5 

6 

a 

372 

/ 

210 

0.57 

6 


1:2:4 

“ 

412 

227 

0.55 

6 


%" round 

1 . 3 : 5.5 

** 

355 

227 

0.64 

4 


1:2:4 

“ 

465 

297 

0.64 

3 


Y£ round 

1 : 3 : 5.5 

12 

373 

268 

0.72 

4 


1:2:4 

“ 

404 

266 

0.65 

3 


%”round 

1 : 3 : 5.5 

“ 

402 

228 

0.57 

3 


1:2:4 

'* 

414 

223 

0.54 

3 


X ftn" 

1 : 3 : 5.5 

6 

125 

84 

0.67 

3 

C 

1" round 

'* 

“ 

136 

67 

0.49 

3 


14" round 

“ 

" 

157 

50 

0.32 

3 

T 

round 

1 : 3 :6 

” 

147 




Rich mixture generally superior. Cold rolled shaftg and tool 
steel generally iuferioi, owing to uniformity of sec and smoothness of surf. 


- 65 - 

65. Jos. W. Films, Chemist, Commissrs of Water Works, Cincinnati 
E R, ’06, Oct 27, p 467. 

65 «. Permeability. 

Specimens. Port and nat (Louisville) cem; Ohio River quartz sand, 
clean, rather fine, quite uniform in size; limestone screenings, with much 
very fine dust. 
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Fop Directory to Experiments, see pp 1303-7. 
Results. See Fig 5. 



For a given consistency, the percentage of water depends upon the 
nature of the cem, and upon the size and dryness of the sand grains. A fine 
sand, or one with many fine grains, may require twice as much water as 
coarse sand requires. 

61b. Elastic modulus. Twelve 12" cubes, deformations measd ic 
5" gaged length. Averages of 4 specimens, 1 : 2 : 4; approx 1, 2, 6 and 17 
mos old. Dry, 4,450,000 Ibs/fJ"; medium, 4,200,000; very wet, 3,000,000 
No appreciable increase of modulus with age. 

61 c. Age; permeability. Blocks tested at 21 and 84 dayB, showed 
permeabilities abt as 2 : 1. Pressure, 80 lbs/sq m *- 185 it of water. 

61 d. An excess of water washes out fine cem, forming laitanee. 
reducing atrgth and increasing permeability. Thickness of laitanee 
formation, W in very wet mixtures. 

61 c. Mr. Thompson concludes that, in building anil other 
reinfd work, the cone should be only wet enough "to flow sluggishly around 
and thoroly imbed the steel and permit smooth surfaces against the forms,” 
and that medium or quaking cone is suitable for ordinary mass cone, such 
as foundations, heavy walls, large arches, piers and abuts. 

62. A. Black, E N, ’0G, Aug 30, p 236. 

62 a. Character of sand; strength and absorption. 

Bpecimens. Passing No 

170 sieve. 

A, crushed gneiss, screened thru Yf mesh.90.8 % 

B, Cowe Bay sand, much used in and about New York .. 95.8 % 

C, fme clean silicious sand.95.5 % 

Results. In 7 and 28 days, 1 : 2 and 1:3 mortars, A and B gave, in 

general, from 20 to 50 % greater tensile and comp strengths than C. In 
general, the stronger mortars showed the higher absorptions. 

- 63 - 

63. Alex. B. Moncrieff, E N, ’06, Aug 30, p 227. 

63 a. Briquets in water 2 yrs, in air 7 days and in oil 6 mos. In general, 
neat cem lost from 0 to 36 % strgth, while 3 : 1 gained from 0 to 65.5 %, 
by air drying and immersion in oil. 

63 b. Briquets in air 7 days; then 6 mos in either oil or water. The neat 
cem briquets in oil were from 0 to 55 % weaker than the neat cem in water; 
the 3 ; 1 briquets in oil were 49 to 79 % weaker than those in water. 
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68 b. Tensile strength. 

Oil in mix 

None. 

2 % linseed. 

2 % engine.. . . 


Tensile strength, lbs/CP 


1 day 

7 days 

28 days 

.430 

696 

743 

.180 

493 

572 

.332 

689 

696 


- 69 — 


69. M. R. Barnett, Inst C E, Procs, ’07, Vol 167, p 153. 

09 a. Action of soft water upon limestone cone. Thirlmere 
aqueduct, water supply of Manchester, Eng. Section of aqueduct, made 
with limestone cone. Floor, 9" thick, reduced about M" in thickness, 
honeycombed, eaten thru in many places, and leaking badly. 

69 b. Samples of the limestones, from which the cone was made, were 
kept, for 6 mos, in running soft water, in the aqueduct, and were found to 
lose w't at rates ranging from 6.8 to 18.1 % per year, while sample blocks 
of neat and 1 : 1 Fort eem mortar, gained 5.5 and 3.6 % respectively. 
Deg of hardness of water, 2.18. 


- 70 - 

70. Prof Ira II. Woolson, AS T M, Procs, ’05, p 335; '07, p 404. 
High temperatures and therinul conductivity. 

70 a. Mixture, 1 : 2 : 4; with cinder, 1:2: 5. Cem, an equal mix of 
3 Portlands. Sand, sharp, fair qual, “not especially clean”; 90 % past a 
12-mesh sieve. Agg, .fair quality boiler cinder, with most of the fine ashes 
removed; clean quartz gravel; cnisht trap. Mi\t moderately wet; 
tampt in molds until water fiusht to surf. 



70 b. High temperatures. '05, p 335. Fig 6. 

Specimens. For comp strgth, 4" cubes; for elasticity, prisms 6 X 6 
X 14". 3 cubes and 3 prisms tested without heating; 3 cubes and 2 prisms 
of each agg (trap and limestone ) at each temp. 

Results. 

70 c. Elastic modulus, E. For E, the trap and limestone curves 
nearly coincided. 

70 d. After heating to 2000° and 2250* F, the limestone cubes appeared 
sound while hot, but disintegrated when cooled. 
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70 e. After cooling- from 750° F, both trap and limestone prisma 
were covered with minute cracks. Under higher temps, these cracks in¬ 
creased in number and in size, and the prisms warped and disintegrated 
after cooling from 1500° F. 

70 f. The trap and cinder cone specimens remained Round, while 
the gravel cone specimens cracked and crumbled in pieces, probably 
owing to high expansion coeff of quartz, anil to the fact that this coen 
in one direction, is double that in the perp direction. 


Fig 7. 


Heated Face S.5 



Thermal Conductivity. Dimensions in inches. 



Fig 8. Thermal Conductivity. 


70 g. Thermal conductivity, '07, p 404. Figs 7 and 8. 

Specimen*. Cone blocks, with holes as in Fig 7. Dimensions in inches. 
Thermo couple in each hole. Mixtuie as in 70 a. 

Treatment. Specimens in molds 24 hrs, in water 48 hrs, kept moist 
2 or 3 wks, allowed to dry well. Age, at test, about 2 raos. Blocks placed 
in furnace doorway. 

Reftnltft. Fig 8 shows, for one of the trap cone specimens, the times, 
in mins, reqd to tranMinlt the furnace tcni|>M thru din thicknesses 
of cone. Each curve is marked with this thickness in ins. Drop of curves, 
at and near 200° F, attributed to Mtcam generation. 
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70 h. 2 to 2 l A* of cone (if it remains in place) will protect 
reinfg metal dining any ordinary conflagration. 

70 i. Exposed reinforcing metal will not conduct heat injuri¬ 
ously to imbedded portion. 

70.5. Win. B. Fuller and Hanford E. Thompson. “The Laws 
of Pioporluming Concrete,” A S C L, Trans, ’07/Dec, Vol 59, pp 139-143. 

Elastic modulus, E, under compression. 

Specimens. 6 * sq cone prisms, 18" long; age, abt 140 ds. Giant Port 
cem. Agg: Cowc Bay sand (CS), Jerome Pane screenings (JSc). Agg: 
Oowe Bay gravel (CG), Jerome Park stone (JSt). 

Results. 

Effect of maximum size of stone. 


Mix .1:9* 1:3:6 1 : 2.81 : 5.62 1 : 2.92 : 5.88 

Stone Elastic modulus, E, in mdlions of pounds per square inch. 

2.25 ms. 2 1 2 4 3.3 3.0 

1.00 " . 1.7 18 3.1 2.6 

0.50 " . 14 0.9 ... 2.2 


Effect of quantity of cement, in % of total dry material.* 


Elastic modulus, E, in millions of pounds per square inch. 



With JSc and JSt. 1 

With CS and CG 

With JSc and CG 

Cem.. 

, 8 10 12.5 15 

8.5 10.6 13.25 15.9 

10.2 12.75 15.3 

E 

1.8 2.1 2.3 4.7 

2 3 3.9 3.7 4.3 

3.5 3.8 3.6 


- 71 - 

71. Richard E. Humphrey. U. S. G S Bull, No. 324,’07. Report 

on San Francisco tire of Apr 18, ’06. 

Results. 

71 a. Cone probably the best material for fireproofing cob. Its 
stiffness supports the steel within, softened by the heat. 

71 b. “(lone proved superior to brick as a fireproofing medium.” 
71 c. At high temps, cone loses its water of crystallization. 

71 d. Cone, especially when reinfd, resisted both earthquake and 
fire. The cone dam, at San Mateo, all ho within a few hundred yds of 
the fault, was uninjured. Solid cone floors, altho of very poor quality, 
proved satisfactory The cinder cone used, m floors and elsewhere, 
was high in sulfides, and injurious to remfmt. 

72. Wm. B. Fuller, Natl Assn of Cera Users, Procs, ’07, pp 95-7. 

trading and proportions. 

72 a. Tests of 6 beams, 6" square, 6 ft long: 1 cem to 8 of sand and stone; 
rnpture moduli ir. Ibx/Lr * 1 -2.6, 319; 1:3 : 5, 285; 1:4:4, 209; 

I 5:3,151; 1 : 6 : 2, 102; 1 : 8 : 0, 41. 

72 b. With a given percentage of cem, the densest mixture of sand 
and agg gives the strongest, the least permeable and therefore the most 
durable cone, ami that, which works most easily and therefore best fills up 
voids and corners. 

- 75 - 

73. Commission du ciment arm^, Paris,’07. 

73 a. Hhrinkage and expansion. Cone shrinks while hardening 
in air, and expands under water. 

* Material, larger than 0.2" diam (abt 62 to 68 % of total) graded in 
accordance with the recommendations of the authors. See Plain Concrete, 

II 23 to 25, p 1257. 
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70 e. After cooling- from 750° F, both trap and limestone prisma 
were covered with minute cracks. Under higher temps, these cracks in¬ 
creased in number and in size, and the prisms warped and disintegrated 
after cooling from 1500° F. 

70 f. The trap and cinder cone specimens remained Round, while 
the gravel cone specimens cracked and crumbled in pieces, probably 
owing to high expansion coeff of quartz, anil to the fact that this coen 
in one direction, is double that in the perp direction. 


Fig 7. 


Heated Face S.5 



Thermal Conductivity. Dimensions in inches. 



Fig 8. Thermal Conductivity. 


70 g. Thermal conductivity, '07, p 404. Figs 7 and 8. 

Specimen*. Cone blocks, with holes as in Fig 7. Dimensions in inches. 
Thermo couple in each hole. Mixtuie as in 70 a. 

Treatment. Specimens in molds 24 hrs, in water 48 hrs, kept moist 
2 or 3 wks, allowed to dry well. Age, at test, about 2 raos. Blocks placed 
in furnace doorway. 

Reftnltft. Fig 8 shows, for one of the trap cone specimens, the times, 
in mins, reqd to tranMinlt the furnace tcni|>M thru din thicknesses 
of cone. Each curve is marked with this thickness in ins. Drop of curves, 
at and near 200° F, attributed to Mtcam generation. 
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Louis, 80 to 95 Ibs/cu ft, passing 1%" screen; abt half the stones larger than 
1", about one-tenth of tne stones less thanI voids 42 to 48 %. Voids, 
in 3 sand + 5 agg, 16 to 19 %. 

Treatment. Comp specimens left in molds in air 1 day, beams 2 ds; 
then all in water 2 wks; then in air, protected from drafts, until tested. 

Comp specimens, 1 mo and 1 yr old, loaded 4 to 8 times per min; beams, 
1 mo, 6 mos and 1 yr, loaded 2 to 4 times per min. 

Results. Effect of rate of repetition insignificant; but be¬ 
lieved to increase rapidly with rates above 10 per min. 



%No. of Thousands of Repetitions necessary to produce failure. 


Fig; ft. Fatigue. 

Fatigue. The curve, Fig 9, fairly represents the results obtained under 
these varying conditions. 

76 c. Cone, repeatedly stressed, below the fatigue limit (i. e., below about 
half max strgth, see Fig) “has imparted to it a definite elastic limit, 
within which stresses are proportional to strains" (i. e., within which the 
elastic modulus, E, is constant). 

76 d. Fatigue and Adhesion. 

Specimens. Plain %* square steel bars imbedded in cone as above. 
Specimens made with great care and very thoroly tamped. 

Treatment. In molds 2 days, in water 7 ds, in air 3 wks. 30 fatigue 
specimens subjected to “a combined blow, pressure and the accompanying 
vibration”; 150 blows per min, each blow = 740 inch-lbs. Av, 50,000 
blows to each specimen. 

Rcsnlts. Av initial adhesion, 125 lbs/CT of imbedded surf; friction 
(after slip) 90 lbs/LT. llnfatigued specimens, 150 and 100 lbs/Q 
respectively. 

76 e. Fatigue under continued load. i> 318. 2 cone prism s 
remained unaffected for a month under 90 % of their crushing strgth.. A 
few cone blocks failed in comp in a few hours under constant pres of higher 
%." A reinfd cono beam failed in 10 raos under 90 % of its breakg load. 


77. Henry 8. Spackman. Assn Am Port Cem Mfrs, New York, 
07, Dec. 

77 a. Mortar reground after hardening. . 

Briquets of Port cem, broken in testing. Reground and made into 
new briquets. These showed, in general, about half the tensile 
strengths of the original briquets. Of the original cem,91.5 % past a 
No. 100 sieve, 76.2 % past No. 200. The reground material had abt the 
same fineness. ^ _ 


78. R. Feret, A S C E, Trans, ’07. Dec, Vol 59, p 152. 

7Sa. Permeability. •* Experiment. B lre in genaral nneer- 
tain result*. It is not unusual to see many bloola ol the same com 


tn CIO 
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which, altho treated in an identical manner, permit very diff quantities of 
water to filter thru them.” 

78 b. Age of block, days 5 29 30 385 

Flow, in grams/mm per lb/LI* 

Pres from 71 t,o 284 lbs/□"’; Avge 0.554 0.044 0.159 0.294 

After remaining under 284 lb/U* 2 hrs 0.349 0.034 0.133 0.278 

78c. Percolation “very nearly proportional to pressure." 

78 d. 3 blocks, 1 year old. Block ABC 

Flow, in grams/min per lb/Q* 

At 284 lb /sq in . 0.007 0.111 0.108 

Raised to 412 lb/ ]" . 0 077 0.114 0.126 

Reduced to 284 Ib/rj* . 0 068 0.114 0.111 

“aa if the effect of the momentary increase of pres had been to open new 
passages for the water, or partly to clear out the passages already existing." 

- 79 - 

79. Win. R. Fuller and 8. E. Thompson, A S C E, Trans, ’07, 
Dec, Vol. 59, p 67. 

Strength, density and permeability, as affected by propor¬ 
tions and character of sand and agg. Expts at Jerome Park 
Reservoir, New York. 

79 a. Specimens. Port cem, as received for use on the reservoir; 
agg (1) stone and screenings from crushers at reservoir, mica schist, 35% 
mica, wliich, in mortar or cone, “does not form planes which affect the strgth 
seriously.” (2) Cowe Bay gravel and sand, dredged from river (“water- 
worn rounded bank gravel and sand, thoroly clean, and consisting almost 
entirely of quartz particles.” Sp gr abt 2.65). Max size of stone, 2 

i", yJ. 



Tests were made with “ graded mix ” (proportions giving max density 
of agg) and “natural mix” (1 ; 2.5 : 6.5, 1:3:6, 1 : 3.5 : 5.5). 

Results. 


79b. Mae of aggregate; strength and density. 

Max stone size, inches. 2M 1 

Relative strength. 

Compression. 1.00 0.83 

Transverse. 1.00 0.91 

€em read for equal strgth, relative. 1.00 1.17 

Relative density . . 1.00 0.06 


X 

0.72 

0.75 

1.32 

0.93 
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79 c. Hind of aggregate. Hand vs (screening*. Relative 
strengths and densities. 

Comp strgth Transv strgth Density 

Band and stone.100 100 100 

“ “ gravel. 94 89 102 

Screenings and Btone. 67 85 98 

79 d. Graded mix gave density = 1.14 X density with natural mix; 
for equal strgth, graded mix reqd 0.88 X the cein reqd with nat mix. 

(This means an av Having of about 25 cts per ch yd of cone. Allen 
llazen, Trans, A S 0 E, Vol 59, p. 150, Dec, ’07.) 

79 e. An excess of fine or of medium Hand, or a deficiency of fine sand 
m a lean cone, diminishes strgth and density. 

79 f. Strength and density max when mortar just fills voids. 

79 g. Permeability. See Fig 10. “ Little is known of the action of 
cone in resisting the flow of water. As betwn “diff proportions and diff 
sizes of the same class of materials, the laws of watertightness are somewhat 
similar to those of strgth." With given percentage of cem, the densest 
specimens are usually most watertight. With equal densities, the 
richest specimens are most watertight (See Fig). The ratios, how¬ 
ever, are very diff from those of either density or strgth, a slight diff in the 
composition producing a great effect upon the watertight ness. ** Diff 
kinds of agg produce very diff results in watertightness." Fig showB 
effect of pressure upon permeability. 

79 h. Cone with Jerome Park stone and screenings gave very much 
higher rates of percolation thruout (max, 369 grams per min) than that 
with Cowe Bay sand and gravel. Cone with stone and sand gave about 
half the rates shown in Fig 10. 

791. Permeability is sometimes greater with large and sometimes 
with small stones. Results especially erratic with the Jerome Park 
reservoir broken stone and screenings. 

79 J. “ Permeability decreases materially with age ; ” increases much 
more rapidly than the thickness of the cone decreases, 

less with sand and gravel than with stone and screenings; 

h <• .• •« •* •* •• •• .. gan j. 

“ “ “ stone '* “ " " screenings; 


- HO - 

80. Richd H. Gaines, New York Board of Water Supply, ASCE, 
Trans, Vol 59, ’07, Dec, -p. 159. 

80a. Permeability and strength; Clay and alum. 

Specimens. Mortar, 1 ; 3, Portland, Cowe Bay sand. Tensile tests 
on standard briquets; comp and tensile tests on 2 " cubes. Age of specimens, 
28 to 30 days. Pressures, 40 and 80 Ibs/G*. 

Results. (1) Replacing the mixing water with a 2.5 to 5 % (1 to 2 % 
sufficient) alum solution gave nearly complete impermeability. 

(2) Replacing 5 to 10 % ot the sand with dried and finely ground clay, and 
(3) combining (1) and (2), gave still better results. 

The clay specimens (with and without alum) showed from 12 to 18 % gain 
in strengtn over those without clay. 

The process is based upon a theory of physico-chemical action 
between ions of the electrolyte (alum) and the colloid (glue-like) molecules 
of the clay. . 

None of the processes hitherto in use, and examined, were found 
suitable for extensive use. 

Hlaked lime slightly decreases permeability, but this advantage 
is more than offset by loss of strength. There is no chemical reason why 
this should be otherwise. 
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- 81 - 

81. Prof E. Mttrsch, Zurich; forWayss and Frey tag A.-G., Neustadt. 
"Der Eisenbetonbau, ” Stuttgart, Konrad Wittwer, ’08, to which the pages 
given refer. 

81a. Elastic relations, pp 27-32. Specimens; Square prisms; 
measured length, 35 cm (13%"). 1 Part Mannheim Port cem, vath3 parts 

of a mixture of Rhine sand and gravel consisting of 3 parts sand, 0-o mm, 
2 parts gravel, 5-20 mm. (0.l97"-0.78"). Water, 14 %. Each stress main¬ 
tained 3 mins. Some of the specimens tested in tension; the others in comp. 



Deformation, in millionths of original length. 



Fi|p 12. Elastic Modulus. 


Results. Unit stresses and stretches as in Fig 11. Hit ten- 
lions, lbs/Q" : 3 mos, 149; 2 yrs, 224. 

El antic Moduli!*, E, See Fig 12. 

With mix 1 : 4, for a given stress in comu. E waa in general from lo 
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to 20 % less than with 1:3. In tension, E was more nearly the same foi 
both mixes. 

With water 8 %, for a given stress, E was in general from 10 to 20 % 
higher than with water 14 %. 

81b. Shear. Fig 13. Dimensions in centimeters. Prisms, 18 cm 
square, 40 cm long, p 40. Mixture of sand and gravel as in Kxpt 81 a. 




rig Shear. 

Plain. Specimen first cracked, as beam, at a. Pres then increased until 
shearing crack, b, appeared. 

Hit. av shear, Ibs/Q"* 
No. of --*-- 


Mix 

Water % 

Age 

Specimens 

Observed 

Calculated! 

1 : 3 

14 

2 yr 

3 

936 

980 

1 ; 4 

14 

1.5 m 

3 

530 

550 


Reinforced. The bars (1 cm diam) served merely to hold the speci¬ 
mens together, so that the pres could be increased as desired. The cone 


sheared first. 

Mix Water % 

Age 

No of 
specimens 

Hit Av shear, lbs/Q^ 

Concrete Steel 

1 :4 

14 

1.5 m 

2 

522 

46400 

1 : 4 

14 

1.5 m 

3 

484 

50800 


81 c. Torsion, p 45. Mix, 1 : 4. 4 solid cylinder#, 79 to 98 

days old; 26 cm diam; length under exp, 34 cm. Hexagonal heads. M - 
torsional moment; It •= radius of cyl; 
t = torsional stress in extreme fibers (see p 500, this book) = 2 
t, inlbs/Ll w ; max, 275; mean, 243; min, 189. 

3 hollow cyl#, as above, 52 to 55 days old; inner diam abt 15 cm; 
r ■= inner radius. 
t - 2 M R/« (R < — i*) t 
t, in lbs/n"; max, 134; mean, 126; min, 112. 

The ninch higher unit strength of the solid cylinder# as 

given by the formulas, is attributed partly to their somewhat greater age, 
but chiefly to the increase in unit stress from the circuraf inward, owing 
to which the material near the center transmits more than its share of the 
torsional stress, and thus relieves the outer portions. __ 

* « H total force applied area of one shearing surf, 
t From ult tensile strgth, i, and ult coinp strgth, c, of teat pieces of same 
mix and age, and formula, shear - ]/ tc. 
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- 81 - 

81. Prof E. Mttrsch, Zurich; forWayss and Frey tag A.-G., Neustadt. 
"Der Eisenbetonbau, ” Stuttgart, Konrad Wittwer, ’08, to which the pages 
given refer. 

81a. Elastic relations, pp 27-32. Specimens; Square prisms; 
measured length, 35 cm (13%"). 1 Part Mannheim Port cem, vath3 parts 

of a mixture of Rhine sand and gravel consisting of 3 parts sand, 0-o mm, 
2 parts gravel, 5-20 mm. (0.l97"-0.78"). Water, 14 %. Each stress main¬ 
tained 3 mins. Some of the specimens tested in tension; the others in comp. 



Deformation, in millionths of original length. 



Fi|p 12. Elastic Modulus. 


Results. Unit stresses and stretches as in Fig 11. Hit ten- 
lions, lbs/Q" : 3 mos, 149; 2 yrs, 224. 

El antic Moduli!*, E, See Fig 12. 

With mix 1 : 4, for a given stress in comu. E waa in general from lo 
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Results. Stretch per unit of length at instant of first cracking of cone: 

Cone, under 
Steel tension, ma* 

Bars 10 mm (0.39") diam - 0.4 % 0.00042 0.00050 

“ io “ (0.63") “ = 1.0% 0.00033 0.00040 

“ 22 “ (0.86") “ - 1.9 % 0.00030 0.00038 

81 g. Steel and concrete stresses, p 97. 

Specimens. Flat reinforced beams. Fig 17. 



Bendg mom constant betw loads. Mix 1 : 4. Length, 2.2 m; span 2 m. 

Results. Failed by crush ins co,,c near aml betw the 2 loads - 
Steel, 10 mm diam. 

Unit stresses, «, in steel, and^ c, in cone, in lbs/: deduced under 
the assumption of n — 

After appearance 

of first cracks At rupture 


Age Steel 

3 beams A Fig 17 13 mo 1.4 % 

3 “ B •* 17 13 “ 3.3% 

3 " A “ 17 2 •• 1.4% 

3 “ B H 17 2 “ 3.3% 


8 

c 

8 

22300 

1315 

54000 

20900 

2250 

39100 

18600 

1095 

■44800 

17000 

1820 

28000 


3180 

4210 

2630 

3000 




Eja 

= " 




H 

ISS 


■ 


FI* 18. Shear. Dimensions in centimeters. 

81 h Shear In heaths. 1* specimens, each consisting of a flat 
plate with two similarly reinfd ribs, *18. Ribs of 2.7 m span normal tc 
the paper, Der Eisenbetonbau, p 15o. 
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Types of web reinforcement, neglecting slight variations. See 

Fig 19, and 3d col of table below. 



Fig 19. Shear. 

Btirrnps : 4th col, table below: a, thruout span; b, in one half of span; 

c, no stirrups. 

Bars: diam in mm: a, 18; b, 16; c, 3 bars 15, and 1 bar 18; d, 2 bars 
15, and 2 bars 16. Beam No. 3 had 3 straight Thacher barH, 18 mm diam. 
Ends; Gth col, table below: a, hook; b, plain; c,3 bars 45°, 1 hooked; 

d, 2 bars bent, 2 hooked; e, 3 bars 45°, 1 plain. 

In No. 2 the webs were 0.28 m wide; in No. 8, 0.10 in; in the others. 
0.14 m. 

Age, about 3 mos. Heidelberg cem 1 : 4.5 (72 % Rhine sand 0-7 mm; 
28 % gravel, 7-20 mm). 

Results. 

Cracks developed, following, in general, the curves convex upward, Fig 20. 
Stresses, in lbs / 

a *=■ tensile, in steel; c = comp, in cone; a =* adhesion; v =» shearing, 
at support. 


. Q At appearance of 

0 w a . diagonal cracks 
^ av which lead to 

0 ® ?. « » ruDture 


•a | & 1 e-s 

rupture 



At rupture 


§ 

•s 

0 t) d fl 










j « h o5« a 

N 

a 

\ 

c 

N 

a 

V 

S3 


1 a b a a 

17900 

123 

149 

540 

29300 

198 

239 

1 


P 2 a b a a 

34300 

234 

142 

824 

44800 

302 

183 

2 

g 

o 3 a b .. b 

19500 

103 

132 

398 

27800 

146 

187 

3 

0 

•3 4 c c c c 

36600 

382 

309 

881 

46300 

476 

384 

4 

.•s 

& 6 d b d d 

17900 

205 

146 

686 

37000 

418 

299 

5 


6 c a c e 


232 

186 

795 

42000 

432 

348 

6 


* 

3 

7 c a b c 




624 

48600 

448 

318 

7 

1 

§ S d b b d 

15800 

152 

152 

676 

34800 

324 

324 

8 

jj 

g 9 d b b d 

22500 

216 

141 

742 

38200 

352 

251 

6 

0 

C4 





• 




N 

110 o b b c 




1100 

55000 

362 

257 

10 

■a 

clldcbd 




1180 

54000 

357 

255 

11 

a 

8 12 c c b e 




1060 

53200 

348 

249 

12 

8 


* The positions of the 2 concentrated loads divided span into 3 equal parts 
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Fig 20. Diagonal Stresses. 


82. Sanford E. Thompson. A S T M, Procs, ’08, Vol 8, p 500. 

82 a. Permeability. Effect of admixture of slacked lime. 

Specimens. Cylindrical blocks, 20" diam, 16" thick; Lehigh cem, 
good av bank sand, conglomerate rock resembling trap in character- “t 
soft, mushy mix, such as would be adopted in construction." Pine Cone 
lime from Rockland, Me. Lime stated in % of wt of dry cem. Mixtures 
as follows. 

1:2:4 cone with 0 %, 4 %, 7 % and 10 % lime; 8 % preferred; 

1:2.8:4.5" " 0 %, 6%, 10% “ 14% ";12% 1 

1:3:8 " “ 0 %, 8 %. 14% " 20% “ ; 16 % 

Treatment. Water, under pres, introduced into cen of block. 

Ke.li II., 1:2:4 ami 1 : 3 : 5, see Fig 21. 1 : 2.5 : 4 gave results inter- 
mediate betw the other two. 



15 20 

Percentage of hydrated lime to weight of cement. 

Fig; 21. PermeabiMty; Lime. 

82 b. Coarser sand requires more lime, and vice versa. 

82c. If pressure is to be applied within a month, it 
will be better to use say 10 %, 15 % and 20 % respectively, instead of 8 %. 
12 v / ( and 16 % as recommended under Expt 82 a. 

82 d. Lime paste occupies about 2 l 4 times the bulk of paste made with 
equal wt of Port cem, ‘‘and is therefore very efficient in void nlung. ine 
cost of large waterproof work may be reduced by using, 
with lime, a leaner cone than would otherwise be suitable. 


83. Richard L. Humphrey, plain cone beams, cubes and cylinders, 
comp and transv strgths and the elas relations. I he btrgth of Cono 
Reams,” USGS Bull No. 344,’08. Tests to determine the effect, upon 
transverse and compressive strength, of (1) age of specimen, 
(2) consistency of mix, (3) character of aggregate. 

83 a. Specimens. Unreinfd rone beams, cubes and cyls. Cem, a mix 
of 9 Port cems. Meramec 11 sand, “composed of flint grains having com¬ 
paratively smooth surfs." “The granulometric analysis, p 1346, shows the 
sand to be rather finer than desirable." 






Tor Directory to Experiments. Bee pp 1303-7. 


Properties ol sand and aggregates used. 

Meshes per inch of screen Sue of mesh, ins 

200 100 50 30 10 H H H iy. 

Sp lbs/ voids Percentage passin g sieve or screen 
gr cu ft “ 


Cinders.1.53 47 

Granite.2.59 95 

Gravel.2.45 102 

Limestone.2.49 98 

Sand.2.60 101 


6.5 10.5 21.1 37 60 81 100 

3.2 4.4 8.5 20 58 99 100 

0 0 1.0 43 79 95 100 

4 2 5.2 10.7 29 61 96 100 

13.9 64.0*97.0 100 


51 2.84 4.17 
41 1.59 2.29 
33 0 0 

37 2.96 3.48 

t,nd .2.0U iUL 38 0.20 1.30 io.v m.v . 

Proportions, 1 : 2 : 4, by vol, except the cinder cone,which was nearer 
1-2-5. All cone mixed in a mortar-driven cu-vd mixer, equipped with 
charging hopper. Mixed 2 mins dry, 3 mins wet . then dumped on cem 
floor, shoveled into barrows and wheeled to mojding floor. ka°h batch 
sufficient for 2 beams. S' X 11 M2 ft span, two (»' cubes and 2 cyls, 8 d.a, 
16" long. . , , . . 

“Wets’’ smooth and somewhat, viscous rnimedy before dumping. 
Flows back from ascending side of mixer without tendency to breat at top. 
When dumS"hows neither voids nor individual stones. Splashes when 
tamped. When finished, water stands H" to }4" deep over surf of mold. 

" Medium ” : smooth, but tending to lump. Hows less smoothly than 
•■wet," part flowing back smoothly a.ul part breaking over m lumps. When 
dumped looks somewhat lumpy, showing stones, but no voids. btimeB 
evenly coated with mortar. No water collects on surf in mold, burf 
easily finished with trowel. . , 

“Damp”; granular. But little tendency to lump. Carried to top 
of mixer on ascending side; falls in individual stones and fragments of mor- 
tar. When dumped, shows stones and voids. Resists tamping. Compacts 
under hand tamping. Cannot be finished smooth with trowel. 

Cone placed in oiled steel molds, in 3 nearly equal layers,. and hand- 
tamped. ’“Great care was taken to tump all the cones in the. same manner. 

Treatment. All molds were removed at end of 24 lire, and pieces trans- 
ferred to moist room. Sprinkled 3 times daily. , 

The beams were so supported, just prior to test, that the sums of momen a 
and stresses, then existing in the measd length, were equahsed. J°‘bat all 
libers, iTthat length, then hail same lengtfi as when unstressed and the 
deformations, within the measd length, were thus measd from aero. 


; 

£ 1K» 



*/k 

& 



4 

fyf 




4 

?/ 


' 





0 0.6 • 1-0 L5 X.V *>• 

1000 x Deformation Jter unit of length. 


Tig 28 . stress-stretch curves for different aggregates. 

Results. ,, 

Stretches and comp stresses as in Fig. 22. Medium consistency. Age, 20 
weeks. 
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Ntrength of Concrete. 

Results, in general, averages of 3 specimens. 

Beams, 

8" X 11", 12 ft span Max comp strgth, lbs/U*’ 


Cylinders 

Neut Rupt modf 6 in cubes 8" dia, 16" long 
Water axis* <■---* <-*-» *-*-• 



% 

100 m 4 wks 26 wks 

4 wks 

26 wks 

4 wks 

26 wks 

binder 







2,021 

Wet ... 

...21 9 

43.3 

175 

240 

1,256 

2,320 

1,081 


.. .20.6 

39.9 

198 

277 

1,191 

2,765 

1,201 

2.203 

Damp .. 

...18.9 

38.2 

198 

250 

1,378 

2,488 

1,118 

1,945 

Granite 

Wet. ... 

... 9.0 

49.9 

375 

539 

3,156 

4,753 

2,683 

3,966 


... 8.3 

47.2 

475 

566 

4,089 

4,949 

3,480 

3,972: 

Damp .. 

... 7.0 

48.3 

499 

618 

4,518 

5,465 

4,000 

3,969: 

Gravel 

Wet.... 

... 9.7 

49.9 

391 

435 

2,299 

3,814 

2060 

3,486 


... 8.9 

48.4 

451 

520 

3,547 

4,808 

2,961 

3,9721 

Damp - 7.9 

Limestone 

47.5 

426 

496 

4,612 

4,884 

3,407 

3,969* 

Wet. .. 

.. .10.9 

48.8 

422 

507 

5,141 

3,460 

3,072 

3,216 

Medm .. 

.. .10.0 

50.7 

458 

566 

2,975 

3,896 

2,910 

3,691 

Damp .. 

... 8.5 

48.1 

537 

589 

84 — 

4,367 

5.025 

2,894 

3,942t 

84. R. G. 

Glark, 

Inst C E, Proas, Vol 171, ’08, p 115. 




81 a. Time of getting increased by aeration and by addition 
of agg. A cem, which, neat, sets in an hr, will make a cone requiring 
4 or 5 hrs to set. 


- 85 - 


85. Hanisch and Npitzer, Morsch, Der Eisenbetonbau, ’08, pp 
32-33. 


85a. Rupture moduluN, 6 M /bd 2 , and direct compressive 
and tensile strength. 


Specimen*. 

Cone, 1 :3.5. Six plates. 268 days old, 60 cm (24") wide, 7.8 to 11 cm 
(3 to 4.5") thick; span, 150 cm (60"). 

Treatment. Plate broken transversely; comp and tension test piece* 
made from the fragments. 


Results. 


max .. 
mean 
min... 


Stresses in lbs / 

Rupture modulus compression tension 

....775 5000 412 

.682 4380 356 

.614 3640 284 


Comparison of the values for tension with the rupture modulus shows that 
the formula, rupture mod =* 6 M / h d 2 , is not applicable to materials in 
which, as in cone, the elas mod varies widely, and that the rupture moduli, 
obtained by means of the formula, are to be used only as a means of compari¬ 
son. 


- 86 - 

86. Richard L. Humphrey and Win. Jordan, Jr., U S Q S, 

Bull No. 331, ’08. Results of Tests made at the Structural-Materials Test¬ 
ing Laboratories, St. Louis, '05-7. 

86 a. Gravel screenings. In general the tensile and comp strgth* 
of mortars seem to increase with density of screenings. 

*m =* (depth of neut ax below top of beam) -4- (total depth of beam), 
t “Rupture modulus” == 6 M / bd'*, lbs / D"l moment under ma? 
load. 

t Cylinder did not break. 
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86 b. Stone screenings. In general, strgth of mortar was greatest with 
screenings most nearly uniform in grading. The strength of the stone 
itself, from which the screenings are derived, has an important bearing on 
the strgth of the resulting mortar. 

86 c. Density of mortars is greatest with densest sand. 

86 d. Sand mortars. Tensile, compressive and transverse strengths 
were invariably much greater with dense sands than with ihose 
having a larger percentage of voids. 

86 e. Greatest strgth obtained when sand is uniformly graded. 

86f. A “typical mi*’' of 7 Port cems, like*the separate brands, 
reached max tensile strength in 90 days. Like the best of these, it 
maintained this max to 180 ds, and its subsequent loss, at one yr and later, 
was no greater than for the best of the separate brands. 

86 g. Age of briquet. Tests after 180 days showed greater uni¬ 
formity than at 90 days and shorter periods. 

86 h. After the 180 and 360 day tests, the strgths of all the sand mortars 
were reasonably close to one another, showing that considerable variation 
in early strength does not seriously affect the later strength. 
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Specimens. The cera was a mixture of equal parts of 7 diff brands. 
See Expts 86 f, 86 g and 86 h. 

Test pieces, in molds, stored in moist closet 24 hrs; then kept in running 
water, abt 70° F, until tested. Tension briquets 1 sq inch section. Com¬ 
pression specimens, 2* cubes. 

Results as in Figs 23 and 24. 

- 87 - 

87. W. V. Willis, South & Western R. R. E R, ’08, Jan 18; 
E N, ’08, Feb 6, p 145. 

87a. Mica; water required; strength. 

Specimens. 

Sieve No. 10 20 50 100 

% of mica passing,. 100 29 10 4.5 

Sand, Ottawa standd. Mortar 1 : 3 sand, or 1 : 3 sand and mica by wt. 

Results. 

Mica; % of weight of sand. 0 5 10 15 20 

Voids, % in Ottawa sand. 37 . 67 

Relative sp gr of Ottawa sand. 100 . 80 

Mixing Water required; relative . 100 . 300 

Tensile strength, 6inos, relative. 100 64 62 59 40 

The smoothness of surf of the mica particles renders their adhesion low.' 


88. Prof J. 1^. Van Ornnin, Washington Univ, St. Louis; for 
Reinforced Concrete Constr Co., St. Louis. E N, '08, Feb 6, p. 142. 

88 a. Adhesion. / 

Specimens. Plain round steel rods, diams, H to 1 H”, imbedded in 
12" X 12" prismatic blocks of 1 : 2 : 4 cone, 90 days old. Medium steel rods 
imbedded 25 diams; high carbon steel rods, 40 diams. 

Results. See table below, in which, 
for Steel; 

s = Ult strgth, in thousands of lbs/fl"; 

«. = Elastic limit, in thousands of lbs/Cf; 
e = Elongation, %; 

E = Elastic mod, m millions of lbs/ J . 
for Steel and concrete; 
a — Area of imbedded surf, 
li = Adhesion, lbs/n" of a; 

F = Faction after slipping, lbs/U . 

Steel Steel and Cone. 


Medium 

Max.... 

Av. 

Min . 

High Carbon 
Max 
Av .... 
Min . 


60 9 40.5 29.0 29.9 

58.6 39.1 26.1 29.5 

55.6 38.4 22.5 28.6 


126.8 460 380 0.826 

62.1 408 342 0.838 

21.7 370 310 0.838 

198.3 470 280 0.596 

92.1 392 240 0.613 

32.7 330 200 0.606 


109.6 60.7 20.7 30.6 198.3 470 280 0.596 

Av . 92.6 56.1 17.6 29.8 92.1 392 240 0.613 

win:.83.9 53.1 15.7 28.9 32.7 330 200 o.6oe 

In all cases, the total pull yhich overcame the adhesion exceeded that 
which brought the steel to its el as lim. 

- 89 - 

89. W. S. Reed. Engrs’ Club of Phila., Procs, Vol 25, No 3, p 290, 
’08, Jul. * , „ . w . 

89 a. Friction of sand. Exp by More and Harris Tabor. Top 
pree, lbs/G", reqd to give 10 Ibs/CT at bottom of box. 
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CONCRETE. 


For Directory to Experiments, see PP 1303-7. 

Depth of sand, ins 



2.5 5 

7.5 

10 

Box 

Top pressure, 

lbs /O' 


4" X 4" . 

. 12.5 17.5 

34 

42 

6' X 8'. 

. 11.5 


26 


89 b. Fusing 1 point of quartz sands. Exp by Prof Heinrich 
Kies, Cornell Umv. 3254° F. 


- 90 - 

90. Eng News, 08, Aug 27, p. 238. 

90 a. 8ea water. Charlestown, Mass, Navy Yard. 

Nonreinforced arches, built ’01, by Bureau of Yards and Docks 
Tidal salt water, not highly polluted, but often freezing; range of 
tide 10 ft. Specification called for “continuous construction from pier to 

E ier of the arch rings.” 3’ mortar face, 1:1. Mass cone 1 : 2 : 4 for 2 ft 
ack from face, 1:3:6 interior; “a standd cem and a local gravel.” 
Probably porous. No special effort toward density or waterproofing. Specfn 
provided: “The contractor must furnish satisfactory evidence of the dura¬ 
bility in sea water of the brand of cem he proposes to furnish.” The show¬ 
ing spandrel walls w'eie built after completion of arch ring. Dry, well- 
tamped. Serious disintegration. Damage mainly betw H W ana L W. 
Cone backing considerably affected. 


- 91 - 

91. IT. James Nicholas, Melbourne, Victoria. E N, ’08, Dec 24, 
p 710. 

91 a. Electrolysis in cement mortars. 

Specimens. 16 cylinders, 8* diam, 8" high. Standd Port cem ; coarse 
Kind, voids 51 %. Mortar tamped in 1 Vi layers until a little water flushed 
to surf. Positive electrode, normally a 1" steel pipe, 12" long, lower end 
corked, immersed, in axis of cyl, to depth of 5" in cone. 

Treatment. Cyls set in fresh water < 28 days. 8 cyls tested with 
constant current of about 0.1 ampere; 5 with constant potential 
of about 115 volts (higher currents, one with reversed current); 3 not sub¬ 
jected to current. For current, cyls placed in 3 % salt solution in separate 
metal pails (which normally formed the negative electrodes), and con¬ 
nected in series. Cyls from 29 to 57 days old at beginning of test. 

Results. 

All cylinders, under current, cracked. Cracks attributed to accumu¬ 
lation and pres of liberated gases. Cracks at first hair-like, exuding mois¬ 
ture, which dampened adjacent surf. Cracks widened under continued 
current. With constant current, cracks appeared when resistance reached 
max. Resistance in general inversely proportional to percentage of 
sand. Cyls Nos 1 and 2 easily pried open. In Nos 2 and 9, steel pipe 
was rusted and pitted on outside, adjacent to crack. With (const 
potential) reversed current (No 12), no rust or pitting. 

Cyls not subjected to current were not cracked. They read 
about 20 blows, with heavy hammer and cold chisel, to break them. No 
rust. 



Constant Current, 0.1 ampfcre 
No of Specimen. 


Constant Potential, 
115 volts 

No of Specimen. 

1 

1:3 

75 

7 

2 

9 

10 

13 

14 

5 

1:0’ 

0 

28 

6 

3 

11 

12 

15 

7 

1:0 

0 

9 

190 

Mix. 

Sand,%.. 
Days* .. 

1 :3 
75 

7 

1 :1 
50 
10 

1:1 

50 

16 

15 

«o 

JJIN —< 

1:0 

0 

15 

1:3 

75 

1:1 

50 

1:1 

50 


5 

120 

19 

130 

20 

240 

9 

163 

Ohmsf • • 

80 90 

1 

420 

270 

230 

270 

2900 

1080 


* To first crack. t Approximate maximum resistance. 
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EXPEBIMEKT anij practice. 


For abbreviation*, .ymbol. u« rafneom, M p 1251 . 

- #* - ’ 

, || •• „f Ufavrtte, Ind. letter in B .V, ’OH. Dec SI. p. 7.51, 

- om cols, *tavc\ contiunri r> % riay, which 
l V 4 ' uf worthiest material near top d c.o\. 

- 93 - 


9 ». \. <1. Campbell, Ogden,Utah. E N, ’08,Dec01, p 751. 

93 a. Grading and Impermeability. Finish. 2 million 
gal rectangular reinfd cone water tank, 20 ft deep. Floor, 6* thick; wallB 
S to 18". 1 cem, 2 ordinary sand, 4 stone (quartzite boulders, porphyry 
and flinty limestone) crushed to 1", with dust; “a heavy percentage of 
crushed dust and sand" ; machine mixt; “consistency that would almost 
pour." Floor laid in blocks about 15 ft sq, “allowing a half-lap of 2 ft;" 
walls in continuous 20" layers. Finish of 1:1 cem and crusher dust, 
applied with ordinary broom trimmed short. Clear water. No perceptible 
checking in surf. Apparently no seepage. 


84. John 0. Trautwine, Jr. ’09. 

94 a. Density of Hand: shape of grain. 100 measures of rounded 
sand grains, or of angular crushed quartz grains, poured very slowly into 
t)0 measures of water. Exps Nos 1 and 2 were made with sand grains; Nos 
3 and 4 with crushed quartz grains. The left side of each diagram, Fig 25, 
represents the bottom of the vessel; ami the numerals, 94, 121, etc., show 
the elevations of the surfs of sand and of water respectively, after the sand 
grains had been poured into the water. 



0 20 40 00 80 100 120 

Elevation of sand and. touter surfaces above bottom of vessel. 

Fig 25. 


In No 4, the crushed quartz, in the water, was stirred, from time to time, 
during the pouring, in order to liberate any air which, in spite of the slowness 
of pouring, might have been carried into the water with the sand grains. 
The fact that the water stands at practically the same ht in 4 as in 3, indi¬ 
cates that no more air was carried down in 3 than in 4, and that the stirring 
merely brought the grains into closer contact than when left to themselves. 
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CONCRETE. 


DIGEST OF SPECIFICATIONS, ETC. 

FOB GENERAL CONCRETE WORK, 
k Pages 1354 to 1369. 

LISTS OF SPECIFICATIONS, ETC, USED. 


Alphabetical List. 

See Classified List, p 1353. 

(For additional abbreviations, see also p 1251.) 


AH, Algoma Harbor, Wis., Caisson breakwater, etc, U. S. Engrs, '08, 
Jan 24. 

BB, Breakwater, Buffalo, N. Y., Emile Low, U. S. Engrs A S C E, Trans 
’04, Jun, Vol 52, p 73. 

BB, Black Hock Harbor and Channel, Buffalo, N. Y. Shin lock walls 
U. S. Engrs, '07, Dec 19. 

Bn, Burlington, Vt., Mechanical filter plant, Bering and Fuller, ’07. 

Ch, Chicago, '08; proposed amendments to Building Code of '05-6. 

Cl, Cincinnati, O, Geo. H. Benxenberg; 

a. Filters, etc, '05; b. Head-house, etc, '06. 

Co, Columbus, (), John H. Gregory; 

a. Filters, etc, '05; b. Pumping station and intake, '06. 

CR, Columbia River impvrats, Ore. and Wash., Canal. U. S. Engrs, '08, 

Aug 1. 

CS, Concrete-Steel Engineering Co., Edwin Thacher, genl specfus; Melan, 

Thacher and von Emperger patents, '03. 

F, Wm. B. Fuller, Filters, specification received, '08. 

FP, Pensacola, Fla., repair and protection of sea walls. XT. S. Engrs, 08, 
Apr 18. 

FW, Fort Williams, Me., Wharf, Ship Cove. U. S. Engrs, '08, April 14. 

©, General practice. 

Hb, Harrisonburg, La., Lock and dam No. 2. U. S. Engrs, '08, May 13. 
IM, Illinois & Mississippi Canal, Locks, Eastern Section. U. S. Engrs, Jas. 

C. Long, Western Soc of Engrs, '01, Apr, Vol 6, No. 2, p 132. 

JC, Recommendations in Report of Joint Comm of A S C E, A S T M, Am Ry 
Eng & M W Assn, and Assn of Am Port Cem Mfrs, *09, Jan. 

L, Louisville, Ky., Building Ordinance, '07. 

Lp, Liverpool Harbor Improvement, Geo Cecil Kenyon, A SC E, Trans, '04, 
Jun, Vol 52, p 36. 

Lv, Louisville, Ky., Southern Outfall Sewer, '07. 

Me, McCall Ferry dam, Susquehanna River, Pa., '08. 

Mh, Manhattan, Borough of —, Regulations of Bureau of Bldgs, ’03, Sep. 
Mft, Massachusetts Legislature, Acts and Resolves of the —, '07. 

NO, New Orleans, La., Water Purification Stations, ’06„Sep 5. 

NY, New York. Building Code approved '99, Oct 24, with amendments to 
'00, Apr 12. 

OD, Ohio R below Pittsburg, Pa., Dam No. 19, Abutment. U. S. Engrs, 
'08, Jul 25. 

Ph, Philadelphia. Regulations of Bureau of Bldg Inspection, approved 
'07, Oct 8. Engrs’ Club of Phila., Oct '07, Vol 24, No 4. 

BE, Superior Entry, Wis., South Pier, Clarence Coleman, Asst Engr. Report, 
Chief of Engrs, U. S. A., '04, Part 4, pp 3779, etc. 

TR, Tennessee R, below Chattanooga, Tenn., River wall. TJ. S. Engrs, '08, 
May 27. 

TAT, Taylor and Thompson, "Concrete, Plain and Reinforced," publisht 
by John Wiley and Sons, New York, '05, pp 33-37. 

Cn, Underwriters, National Board of Fire—, Building Code recommended, 
New York, '07. 

WH, Waddell and Harrington, general specifications, received '07, Dec. 
Wy. Wellsville, 0., Navigation pass, Dam No. 8, near—. U S. Engrs, '08. 


To, Yonkers, N. Y., covered masonry filters, '07. 
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Clanifled List. 

See Alphabetical List, p 1352. 

U S Govt work, AH, BB, BR, CB, FP, FW, Hb, IM, BE, Wv. 

Breakwaters, AH. sk, BE. 

Sea walls, f ", »■*, I »■ 

Locks and canals, BR, C-R, Hb, IM. 

Harbor improvement, Lp, SE. 

Wharves, FW, Lp. 

Dams, Hb, ■€, OD, Wv. 

Pumping stations, etc, Cl b, Co b. 

Filter plants, Bn, Ci ft, Con, F, NO, Yo. 

Sewers, Lv. 

Bridges, CS. 

Building codes, Ch, L, Mb, Ms, NY, Ph, Iln. 

General, CS, JC, TAT, WH. 


* Outline of Contents. 


Subject Paraq. 

Cement. 1 

Brand. 1 

Requirements. 2 

Shipment. 3 

Storage . 4 

Sand. 5 

Size. 6 

Screenings. 7 

I 

Requirements. 9 

Sizes.]0 

Storage. 

Cinder concrete. 12 

Large stones.15 

Proportions, see p 1086. 
Measurement of ingredients .... 21 

Consistency.22 

Mixing. 28 

Hand vs machine.28 

Forms. 34 

Lagging. 34 

Tie rods. 36 

Placing, churning & ramming .. 37 

Layers.40 

Joints.46 

Under water. 52 

During rain. 54 

During freezing weather. 55 

Moistening. 59 

Forms, removal.61 

Freezing weather.65 

Surface finish, etc.66 

Waterproofing.78 

Artificial stone.80 

Strength, etc required.81 

Ultimate compressive.81 

Ultimate shearing.82 

Max allowable loads . 83 

Compression.84 

Tension.91 

Shear. 92 

Elastic modulus .... • ■ 93 

Adhesion, see p 1279, and p 
1364, IT 113. 


Subject 

Parag. 

Safety factors. 

... 95 

Reinforcement. 

... 96 

Bars condition . 

... 96 

Shape . 

... 97 

Twisted. 

... 98 

Round, corrugated, etc. 

... 99 

Iron and steel, requirements. .100 

Ult tensile strength .. 

.. .102 

Ult compressive strength 

...103 

Fracture . 

.. .104 

Elastic limit. 

... 105 

Elastic modulus. 

....106 

Elongation . 

....108 

Bending test. 

Max allowable stresses .. 

....109 
....110 

Adhesion. 

...113 

Length and lapping. 

....116 

Protection. 

....117 

Permits. 

....118 

Clearance. 

....119 

Fireproof bldgs. 

Girders and columns .... 

....120 

...122 

Cinder concrete. 

....127 

Columns. 

....129 

Rods tied together. 

....133 

Requirements . 

....136 

Cross-section area. 

....138 

Eccentric loading. 

....142 

Attachment to girders. . 

.... 143 

Hooped. 

....144 

With structural steel . . . 

....150 

Beams and floors. 

....151 

Assumptions, theory- 

....151 

Stresses . 

....155 

Adhesion. 

....156 


....158 

Shrinkage, etc. 

....159 


....160 

Cement finish. 

....163 

Web reinforcement. 

....164 

Steel in comp side. 

....165 

Slabs acting as flanges . 

. ...167 

Moments. 

....174 

Continuity. 

....176 
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CONCRETE. 


For lists of Specifications for Concrete, see pp 1352, 1353. 


In order to compare intelligently the requirements of cliff specfns, the 
character of the work involved must of course be taken into account. 

DIGEST. 

Cement. 

1. Brand. Portland or natural, NY; Port just under lower miter sill, 
nat elsewhere in foundations, Port in lock walls except for a backing, 2 ft 
deep, at base, Port and nat bonded together, 1M; for reinforced work, 
Portland, G; Am Port, C§, Bit, lib, Fw; “Universal” Portland 
cement, NE: cem made by mfr of established reputation (in successful opera¬ 
tion not less than 2 yrs, F), brand in continuous successful use (m America, F) 
for the last 5 yrs (3 yrs, CS) G ; in satisfactory use m similar quantities by U.S. 
Engr Dept at Large, TK; of tried uniformity, in use not less than 3 yrs in 
similar climate, I'll, lib; only one brand to be used, G; except for good 
reasons, F ; only one brand in any monolith, FP. Portld in reinfd work and 
where subject to shocks or vibrations or to stresses other than direct comp; 
nat in massive work where weight is more important fhan strgth, and where 
economy is the governing factor; puzzolan only for foundations underground, 
not exposed to air or to running water, JC. 

2. Requirements. For Strengths. etc., see Digest of Specfn for 
cem, by A S T M, p 940, Report of Hoard of U. S. Engr Officers, Prof’l Papers 
No 28, Corps of Engrs, U.S.A., ’01, p 937, and Digest of Specfn by Engng 
Standards Comm of Great Britain, p 940. For tests, see Digest ot 
Specfn of A SC E, p 942. Slow setting, FJ(*; must have been tested < 6 mos. 
>12 mos, prior to issue of permit, t; must meet requirements of Prof’l 
Paper No. 28, Corps of Engrs, U.S.A., ’01, p 940, BK, AH, TR, CR, 
FW, Wv, FP, Hb. 

3. Shipment. Packages to “contain either 380 lbs or some even 
division of 380 lbs,” Lvs in cooperage or in cloth bags, NO; bag, 93 lbs 
(94 lbs, Co) net,bbl 4 bags, NO; in bbls, lined with paper, CR, WH ; 
in cloth bags, Ci; may be delivered in paper bags, Wv. 

4. Storage at site of work. In weather-tight bldg, with floor raised 
(< 6", T A T) above ground, G ; and holding < 2 wks’ supply under av con¬ 
ditions of work, €1; cem in bags may be used after 3 mos storage, rejected 
if it becomes lumpy or otherwise deteriorated within that time, BR; cem, 
kept over winter, re-tested before using, W'v. 

Sand. 

5. General. Silica, hard, clean, sharp, G. Reasonably clean, coarse, 
F ; water worn, voids = 35 %, SE. “Sharp ness”.purposely omitted, TAT. 
River sand, Ci, a. 

6. Size. Well graded, with fine, medium and coarse grains, F, Ev, 
NO, Co. Coarse, or coarse and fine, mixed, CS, T A T. Coarse pre¬ 
dominating; coarse preferred at double or treble cost, T A T. Medium, 
Cl, a. Largest to pass screen of mesh, G. > 10 % coarser than 
NO ; < GO % retained on No. 30 sieve (holes 0.022" Q),WH. > 40 % to 
pass No. 50 sieve (2500 meshes /Q*), Hb. >3% very fine, NO, Co. 
Cl, a. > 5 % very fine, Bn. 

Foreign matter (clay, loam, sticks). None, CS, TAT; >2% 
NO, > 3 %, Co, Ev ; >5 %, Wv, OB, TR, CR, Bu. > 10 % clayey, 
All. > 3 % clay, etc, > 2 % micA, FW : > 4 % free loam, Hb; sand may 
be moist, not wet, TR; stored on a board platform, CR; or in bins, Wv. 

7. Screenings. Crusher dust, passing K” screen, from broken stone, 
may be substituted for part or all of the sand, TAT; “screenings & crusht 
stone may be substituted for sand and gravel under special conditions,” 
F; screenings permitted, BK, CB; if passing Y^ screen, TR ; screenings 
preferred to sand, AH. * 

Aggregate (“Ballast”). 

8. Kind. Sand grit, gravel or broken stone, BB ; gravel or broken stone, 
G; or both, BB; gravel, Ev; (see Screenings); sea^washed gravel, Ep: 
Water-worn pebbles of igneous rock, SE; clean stone, gravei, oroken hard 
bricks, terra cotta, furnace slag; or hard clean cinders, Un; broken stone 

d erred, gravel permitted for interior of piers, pedestals and abuts, WH l 
ten stone, AH. 
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For abbreviations, symbols and references, see p 1251 

9. Requirements. Clean, hard, durable; free from dust, loam, 
clay and perishable matter; washed or screened if reqd, Gs approx cubical, 
CN, AH; free from long thin pieces, HR, NO, CH; < 125 lbs/cu ft, FP; 
< 130 lbs/cu ft, Hb; voids *= 31 %, HE; drenched before using, O; but not 
to carry water, Wv; kept thoroly sprinkled, lid, Hb. 

10. Nixes, inches: min, tt; FW. Me: max %, tin: 1 Bu; 
2, Os 2H,Hb; 3, NO, Co, Ci, a. FP, BE: gravel, 3, F; stone, run of 
crusher, F, Me, AH; 1 to 2^, according to grade of work, AH; for 
toundations, 2; for superstructure, \ X A ; for beams, cols and girders, 1, L; 
gravel, < 90 % over 1H, > 10 % sand, Hb. 

1 cubic foot of stone, gravel oi sand grit contained 


Agg cu ft lbs eu ft lbs cu ft lbs 

Stone;., .coarse, 0.03 53.8; fine, 0.33 30.4; dust, 0.11 11 

(•ravel;, .pebbles,?#", 0.80 81.5; sand, 0.29 29.2; . 

Sand grit; gravel, 1 «" to 14", 0.47 47.2; sand, 0.59 59.3; 

BB. 

11. Storage. Stored on wooden platforms, CR, Wv ; or in bins, Wv. 

12. Cinder concrete. Allowed only for floors, roofs and filling, Ms. 
Reinfd cinder cone to be used only upon special permit of Inspector of 
Bldgs, E. 

13. “ May be used for all bldgs in which fireproof construction is mandatory 
by this Chapter, or where ordinary constr, mill constr or slow burning constr 
mav be used,” not for cols, piers or walls. Clean, thoroly burnt steam- 
boiler cinders; mix, Port cem, not poorer than 1 : 7. Cinders must pass 1" 
sq mesh, Ch. 

14. “All other special requirements and methods of calculation for 
reinfd cono as reqd in this Chapter shall modify and regulate the use of 
cinder cone in bldgs,” Ch. 

13. Large Ntone*. 

Hard, sound, durable, as large as can be conveniently handled; washed 
clean; placed wet; one dimension < 12"; no dimension less than 4"; no 
stone less than 2" from faces exposed in finished work, cone joggled into 
place with light rammers, Co. 

16. > 100 lbs. < 3" from forms or from other large stones. (From 
Speofn for a Soldiers’ Home.) 

17. Permitted in walls > than 18" thick, diam > quarter of the thick¬ 
ness of wall, vol of stone > one-fifth vol of wall, Yo. 

18. One-man stones and larger, roughly cubical; long flat pieces to be 
broken or rejected; stones somewhat uniformly scattered thruout the work; 
< 8" apart, < 2 ft from crest or down-stream face; dropped separately 
into bed of wet cone, pounded down if necessary; if necessary, cone spaded 
under and around the stones; each stone to be covered with cone before 
other stones are deposited. Use as many stones as possible without violating 
these conditions, Me. 

19. “Plums.” Stones, from one-man to several tons (sometimes from 
old masonry), aggregating abt 30 % of the finished work < 1 ft from wall 
surf. Set in top layer of cone and so as to form bond with next layer by 
projecting upward into it, Ep. 

20. Proportion*, see pp 1254 to 1258. 

Measurement of Ingredient*. 

21. Cem measd “ as if compacted so that 380 lbs of dry Port shall have a 
vol of 3.8 cu ft,” Ev; cem measd loose, CH, WH ; 1 bag cem < 93 lb «■ 1 
cu ft, NO, €1. Cem measd as packt by mfr, OB. E, T A T. Sand ana 
agg measd as thrown loosely into measuring box, (*. AU measd loose, CB* 
WH ; 100 lbs cem considered to occupy the'tol of 1 cub ft, F. 

Consistency. 

22. In general, “very wet,” NO; water to come to surf with'moderate 
ramming, CH; without serious quaking, OD, TR; sufficiently fluid to 
require no ramming, Me; little or no tamping, Hb. 
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For lists of Specifications for Concrete, see pp 1352, 1353. 


In order to compare intelligently the requirements of cliff specfns, the 
character of the work involved must of course be taken into account. 

DIGEST. 

Cement. 

1. Brand. Portland or natural, NY; Port just under lower miter sill, 
nat elsewhere in foundations, Port in lock walls except for a backing, 2 ft 
deep, at base, Port and nat bonded together, 1M; for reinforced work, 
Portland, G; Am Port, C§, Bit, lib, Fw; “Universal” Portland 
cement, NE: cem made by mfr of established reputation (in successful opera¬ 
tion not less than 2 yrs, F), brand in continuous successful use (m America, F) 
for the last 5 yrs (3 yrs, CS) G ; in satisfactory use m similar quantities by U.S. 
Engr Dept at Large, TK; of tried uniformity, in use not less than 3 yrs in 
similar climate, I'll, lib; only one brand to be used, G; except for good 
reasons, F ; only one brand in any monolith, FP. Portld in reinfd work and 
where subject to shocks or vibrations or to stresses other than direct comp; 
nat in massive work where weight is more important fhan strgth, and where 
economy is the governing factor; puzzolan only for foundations underground, 
not exposed to air or to running water, JC. 

2. Requirements. For Strengths. etc., see Digest of Specfn for 
cem, by A S T M, p 940, Report of Hoard of U. S. Engr Officers, Prof’l Papers 
No 28, Corps of Engrs, U.S.A., ’01, p 937, and Digest of Specfn by Engng 
Standards Comm of Great Britain, p 940. For tests, see Digest ot 
Specfn of A SC E, p 942. Slow setting, FJ(*; must have been tested < 6 mos. 
>12 mos, prior to issue of permit, t; must meet requirements of Prof’l 
Paper No. 28, Corps of Engrs, U.S.A., ’01, p 940, BK, AH, TR, CR, 
FW, Wv, FP, Hb. 

3. Shipment. Packages to “contain either 380 lbs or some even 
division of 380 lbs,” Lvs in cooperage or in cloth bags, NO; bag, 93 lbs 
(94 lbs, Co) net,bbl 4 bags, NO; in bbls, lined with paper, CR, WH ; 
in cloth bags, Ci; may be delivered in paper bags, Wv. 

4. Storage at site of work. In weather-tight bldg, with floor raised 
(< 6", T A T) above ground, G ; and holding < 2 wks’ supply under av con¬ 
ditions of work, €1; cem in bags may be used after 3 mos storage, rejected 
if it becomes lumpy or otherwise deteriorated within that time, BR; cem, 
kept over winter, re-tested before using, W'v. 

Sand. 

5. General. Silica, hard, clean, sharp, G. Reasonably clean, coarse, 
F ; water worn, voids = 35 %, SE. “Sharp ness”.purposely omitted, TAT. 
River sand, Ci, a. 

6. Size. Well graded, with fine, medium and coarse grains, F, Ev, 
NO, Co. Coarse, or coarse and fine, mixed, CS, T A T. Coarse pre¬ 
dominating; coarse preferred at double or treble cost, T A T. Medium, 
Cl, a. Largest to pass screen of mesh, G. > 10 % coarser than 
NO ; < GO % retained on No. 30 sieve (holes 0.022" Q),WH. > 40 % to 
pass No. 50 sieve (2500 meshes /Q*), Hb. >3% very fine, NO, Co. 
Cl, a. > 5 % very fine, Bn. 

Foreign matter (clay, loam, sticks). None, CS, TAT; >2% 
NO, > 3 %, Co, Ev ; >5 %, Wv, OB, TR, CR, Bu. > 10 % clayey, 
All. > 3 % clay, etc, > 2 % micA, FW : > 4 % free loam, Hb; sand may 
be moist, not wet, TR; stored on a board platform, CR; or in bins, Wv. 

7. Screenings. Crusher dust, passing K” screen, from broken stone, 
may be substituted for part or all of the sand, TAT; “screenings & crusht 
stone may be substituted for sand and gravel under special conditions,” 
F; screenings permitted, BK, CB; if passing Y^ screen, TR ; screenings 
preferred to sand, AH. * 

Aggregate (“Ballast”). 

8. Kind. Sand grit, gravel or broken stone, BB ; gravel or broken stone, 
G; or both, BB; gravel, Ev; (see Screenings); sea^washed gravel, Ep: 
Water-worn pebbles of igneous rock, SE; clean stone, gravei, oroken hard 
bricks, terra cotta, furnace slag; or hard clean cinders, Un; broken stone 

d erred, gravel permitted for interior of piers, pedestals and abuts, WH l 
ten stone, AH. 
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(2) Stone shoveled upon mixture of cem and sand. In (I) or (?), turn 
3 times, adding water in first turning. 

(3) Mixture of cem and sand made into mortar and spread upon stone. 
Mass of mortar and stone turned twice, T & T. 

32. In any case, result must be a loose cone of uniform color and appear¬ 
ance, stones thoroly incorporated into mortar. Consistency uniform thru- 
out, T & T. 

33. “As the gravel box was being filled, the cement was added to it 
gradually, so that, when the gravel box was full, the cement box was 
empty. The box was then removed, and the heap leveled off to a uniform 
thickness of > 1 ft, and was then mixed by casting backward and forward 
twice,” water added at time of second casting, Lp. 


Form*. 


34. Lagging. Of well seasoned boards, 2" thick, drest all over, tongued 
and grooved) Co, b;2'X 6' pine, drest On all sides, lib: boards planed on 
one side and two edges; one edge slightly beveled and placed against the 
square edge of the next plank, Yo; boards preferably 2" X 6", dressed-and- 
matched flooring, WH; forms for exposed faces, of planed lumber, tongued 
and grooved or beveled; wall forms to be braced, and, where possible, to 
have their sides wired together, €i; butt joints square, and either on posts 
or reinfd. Hb; joints, showing spaces, to be filled with stiff clay immedy 
before placing cone, lib. 

ll*ed lagging, if not scarred, maybe used again; but, for exposed work, 
must be cleaned and oild, Hb. 

Po*t*. Generally 3' X 8" pine, drest on both edges, of full height of 
wall, > 4 ft apart, Hb. 

Centers and forms to be wet, IM; if reqd, before laying, NO, Ci, b; 
or oiled, NO. According to circumstances, forms to be wetted (except in 
freezing weather) or greased with crude oil, before placing cone, T & T; 
oild just before use, Hb: painted or odd before re-using, €R; dampend 
just before placing cone and kept damp until work has hardened, TR, Wv. 

For removal of forms, see p 1191. 

33. On up-stream face of dam, molds need be only smooth enough to 
give good substantial work, free from voids. On crest and down-stream 
face, molds must have planed surfs, so as to leave the finished work smooth, 

NIc. 


36. Tie rod*, left in cone, must not come nearer to cone surf than 2*, 
CR; projecting ends of iron bolts and rods to be cut off smooth and flush 
with cone face, BR, AH ; not chiseled, but sawn or otherwise removed 
without jarring the work, AH ; aids for holding molds not to be inserted 
within 4 ft of top of walls, BR ; no bolts, etc, to snow in the completed work, 
OD. 


Placing, Churning and Ramming. 

37. Night work prohibited in general, TR. Time of placing; 

cone must be placed within 30 mins after mixing, AH, NO, Cl* b; 
> 30 rains “betw wetting the cem and the undisturbed cone in final place,” 
F : before initial set, TR, OB, CR, Wy, FW, Hb, Bu; after mixing, 
mass kept in motion until placed in vehicle for transportation, TR. No 
retenipcriiig or rehandling permitted, TR, CR. NO, Bu, Co ? Ci,b, 
•1C. Cone, in which the materials have separated, must be remixt (by 
hand mixing, BR, AH): before laying, TAT. 

Manipulation. In very wet cone, air must be churned out, stones 
workt back from face, and cone work! under rod*, etc.,«; bv means of 
thm steel or iron blades, about 4" X 6", with handles of adjustable length, 
so that workmen need not stand in cone, NO, Ci,b. Cone to be joggled 
or worked into place by light ramming. Bu, Co; ram until mortar comes 
to surface, AH, BR ; until all'voids are filled and water flushes to the surf, 
C-N ; one tamper to not more than 2 cu yds per hr, BB : rammers with 
staking area not less than 36['.T, weighing not more than 10 lbs, Co; 
face fi» gq, weight, with handle, about 20 lbs, CR; 30-lb iron-shod rammers, 
face area not more than 30Q\ IM; 40-Ib rammers, SE; cone placed 
without ramming, FP. 




1358 


CONCRETE. 


For lists of Specifications for Concrete, see pp 1352, 1353. 


38. Ilry cone moistend by sprinkling, not pouring, CR. 

39. Cone must be continuously worked around reinfmt, with 
rntable tools, as put in place. Complete filling of forms, and subsequent 
•uddhng, prohibited. Partly set cone must not be subjected to shocks, Ch. 

40. Placing, in layers. Care taken to remove all scum, arising 
rom the cem, before laying the next layer, Lp, JO. 

41. Cone dumped from receiving box or car, or shoveled directly into 
lace, use of slides and shutes forbidden, OH, Wv, FP, 'fit, UR ; not 
ropt further than 6 ft, FP; 3 ft, Wv. 

42. No walking on finished wall until set, OD, Co. 

43. Thickness of layers. Not over f>", Wv. BK. OI>: about 
\ UR; about 6" after ramming, Tit ; 0 to 8", UN: > f>", F ; 3 4", NF ; 
ith dry mix, on slopes, > 4", F; > 4" in foundations, about fi" in back 
alls, OI; > 9", Hb; > 12", WH; such that each la>erean beincor- 
orated with the preceding one, T A T. 

44. No layers permitted, Bu, €’o ; layers not run out to thin edge, Fl* ; 
ich layer completed (rammed, UR) before the next is hud, FP. UR; 
ich layer of a day’s work laid before the layer next below' has set, TR. 

45. On rock foundation. Rock cleaned and washed with wire 
rooms, roughened if read, covered with thick neat cem grout, OR: bed 
: wet mortar, FW; thick, TR; cone anchored to rock with steel rods, 

reqd, OR. 

Joints. 

46. Avoidance of horizontal joints. Walls, etc, built in alter- 
ate sections, so short that they can be constructed as monohths; these 
tetions keyed together by vertical tongue-und-groove joints, <■ for gov t 
>ecfns; joints continuous from foundation to coping, OR ; “ joints shall be 
irmed betw adjoining sections of cone for 4 ft down from the deck, by a 
,yer of tarred paper,” BR; dovetailing to have a thin coat of mortar, 1 : o 
• weaker, to set before new cone is placed against it, Hb. 

47. Joints between old and new work. Exposed surfs shaded 
ad kept moist until work is resumed, OR; chipped or broken edges cut 
vay, OR; old surf to be left stepped, to form bond, and to be cleaned and 
et before adding new work, FW, Cl; cleaned with stiff w’ire brush and 
ream of water, FP, BR. Hb; if reqd, F,Fv; roughed up with a pick, 
reqd, BR; wooden strips, 4 to 6" wide, with beveled sides, to be embedded 
3", and removed before cone has thoroly hardened, NO; between old ami 
»w work, bed of 1 : 3 cem mortar 1" thick, NO, Oo ; Yf layer of mortar, 
P; old surf covered with neat cem grout of molasses consistency, BR; or 
y cem, ©I>; dry cem, brushed in, Hb; with layer of mortar, TR, 
W; ola surf mopped with 1 : 2 mortar, CJN; with heavy neat cem grout 
Drked into surf with brooms, i’R; keyed as directed, FW. 

48. In hor joints in thin walls, or in walls to sustain water pres, 

; in other important locations, mortar joint may be reqd. Tanks, etc, 
ith thin walls to hold water, should be built as monoliths, without inter- 
ption, the work proceeding, if necessary, night and day, T A' T. 

49. When work is suspended for more than an hour, the outer 
Iges of the last layer are to be leveled, and the center portion of the surf 
to be left about 6 " lower than the edges, UR. 

56. Bond betw new cone and old wall. Dovetailed pockets, 24" wide at 
ce, 33" at back, 15" deep, cut vert in old masonry, 4 ft apart, Up. 

51. Last layer deposited to be left as rough as possible, imbedded bould- 
s projecting. Surf to be cleaned, washed, and sprinkled with neat cem, 

e. 

Placing under Water. 

52. Under water. No cone to belaid underwater (without explicit 
irmission, F; except to stop leaks and springs, TR;) water not allowed 

rise on new work until thoroly set, IM, Wv, TR. OD; not less than 
: hre after set, Uv, NO, €©, Ul,b ; if placed under water before set- 
ig, mixture to be 1 : 2 :3, WH: 80 % of work built in place below (fresh) 
iter level, HE ; cone, placed In water, must be semi-dry, Ph; bags to be 
tfered to within a few ins of surf on which cone is to be deposited, FW. 
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53. When forms extend down to below high water, leaks under forma 
to be stopped, in order to prevent undermining before set; bags, filled with 
sand, placed outside; or jute canvas, underlying the cone 12"* nailed along 
bottom of form on the inside, FW. 


Rain. 

54. Rain. During rain storms, no new work to be laid, Of, Bn, 
FR, AH, FP; freshly laid work to be protected by canvas, Bu. 

Frost. 

55. Freezing. No concrete or mortar to be made when temp is below 
35° F. in shade; cone work stopped from Nov 20 until April 1; during freez¬ 
ing weather, no cone to be mixed or deposited without engineer’s consent. 
I'II, Bu : ice and frost to be removed, water and sand heated, gravel 
steamed, work covered and kept warm by steam pipes, Lv: cone not to be 
placet! when frozen, if retnfd, must be kept above 32° F for < 48 hours 
alter placing, use of frozen sand and agg prohibited, Fli. No laying per¬ 
mitted when temp > 32° F., Un. All, UR, < 32° F, OB: < 30® F, 
i'll. < 3-1° F., TR, FP; when likely to freeze before set, M'v ; before 
final set, OB; before set sufficiently to prevent injui>. Bit, Fit. Cone, 
frozen in place, to be removed, t'n. No cone to be laid when temp is 
h«low 20° F; water to be heated when temp is below 35° F, Me. Use of icy 
materials prohibited; placed cone must be protected against freezing, Ph. 

56. Natural cement concrete must never be exposed to frost until 
thoroly hard and dry, T A T. 

57. “No cone, except that laid in large masses, or heavy walls having 
faces whose appearance is of no consequence, shall be exposed to fiost until 
hard and dry. Materials employed m mass cone in freezing weather shall 
contain no frost. Surfs Hindi be protected tiom frost Portions of surf 
cone, which have frozen, shall be removed before laying fresh cone upon 
them.” T A T. 

5H. Forms, under cone placed in freezing weather, “ to remain until 
all evidences of frost aie absent from the cone, and the natural hardening 
ol the cone has proceeded to the point of safety.” Ch, Ph. 


MoiNtcning-. 

59. Moistening. Freshly laid cone to be protected from the sun (by 
boards or tarpaulins, FP, Hb, IM;) and kept wet, Me, 1M; < two 
weeks, or until covered with earth, F; <10 days, NE, AH; 6 ds. 
( R: 3 ds, FW; 48 hrs, BR; until set, Wv; until hard set, Hb ; unfinished 
surfs until work can be resumed, FR; with wet tarpaulins < 3 days, FR. 
When a section of wall is completed, coping to be covered with a thick layer 
of wet sand, mass of wall kept sprinkled until cone is thoroly set, IM ; cone 
to be drenched twice daily, Sundays included, for a week after placing, in 
hot weather, (111, Ph. 

60. Moisten by sprinkling with fine spray at short intervals or by covering 
with moistened burlap, or etc, G. 


Removal of forma. 


61. Forms must be left in place < 4 days, IM; < 7ds; longer if reqd 
by engineer, Ev ; 72 hrs, OB ; 48 hrs, AH, BR ; until cone has stood at 
least 36 hrs. WH; until removal is authorized by engineer or until cone 
has become hard, Ci,b; until cone can carry its load safely, Ms; forms 
removed after 48 hrs, SE. 


62. Props, under floors and roofs, to remain in place < 2 weeks. Forms, 
for cols, < 4 days; for slabs, beams and girders, < 1 wk and at least until 
the floor can sustain its own weight. “No load or wt shall be placed on 
any portion of the constr where the said centers have been removed. 

t'h, Ph. 


#8. Time for removal of forms and centering, 24 hrs to 60 days, depending 
upon temn and other atmoephenc conditions and upon the commissioner 
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64. Not until cone is hard. Min time, days: 

Apr 1 to Dec 1 Dec 1 to Apr 1 

Slabs and lintels, cols and monolithic walls 10 15 

Posts and bottom supports for joists, beams 

and girders. 14 21 L. 

65. Forms, under cone placed in freezing weather, “to remain 
until all evidences of frost are absent from the cone and the natural harden¬ 
ing of the cone has proceeded to the point of safety.” €h, Ph. 

Surface finish, waterproofing, etc. 

66 . Finish kept smooth by manipulation during placing, not by subse¬ 
quent plastering, etc. Cone, free from large agg, to be placed next the mold, 
and prest back from mold by means of a flat shovel, inserted betw cone and 
mold (mold sprinkled with water, 11R), cone rammed with an iron rammer, 
lower face 2" X 6’’’, AH, BR; finish by working gravel back from face by 
means of forks, Hb; or shovels, FP; faces rubbed smooth, TR, Hb; 
with a piece of wood or soft stone, TR; voids filled up with mortar, Hb, 
TR, CR: plastering permitted only for an occasional and accidental 
cavity where the plastering is not apt to be disturbed by frost, CR. See 
p 1361,. U 79. 1:3 Port cem mortar, placed simultaneously with backing, 
CR. For wall, 1 : 2 Port cem mortar, very dry, 1thick, TR. 

67. For exposed faces, forms to be removed before cone has hardened; 
surf (1) rubbed with inortar of 1 yol Port cem, 2 vols sand, applied with a 
burlap swab and brushed down with a plasterer’s brush, or (2) rubbed with 
stiff wire brush and a thin coat of neat Port cem grout, brushed down with 
plasterer's brush, NO, Co; smooth finish of sides produced by thoro 
ramming against inside surfs of molds, NE. 

68 . Surfs, not built against forms, screeded and troweled to smoothness, 
NO. 

69. Voids or other imperfections, appearing upon removal of forms, to 
be corrected at expense of contractor, who shall remove and replace unsatis¬ 
factory work if reqd, F. 

70. Fop floors and roof of mixing tank. Stiff mortar, of 1 vol 
Port, 1 vol sharp stone screenings to passes" ring, free from dust,loam, etc, 1" 
deep, laid before cone has initial set. Screeded, floated and troweled to 
smooth surf. Covered and sprinkled 3 days, Co. 

71. Promenades and tons of parapets finished with a layer of 
mortar > thick, consolidated with tne cone “by superimposing heavy 
planks 4" thick and ramming them with 40-lb cast iron rummers until their 
ends are in contact with the ends of the molds,” NE. 

72. For piers, pedestals, abutments. Surfs exposed to air or 
water, 1 l A" rort cement mortar, 1 cement, 2 sand, carried up simultane¬ 
ously with the cone, 10 or 11" in depth at a time, by means of steel 

f date forms, 12" wide, 4 to 5 ft long, placed around the work, 1 from the 
orms, and blocked out every 12" by wooden blocks, the ends of the plates 
lapping slightly, WH. 

73. For inverts, 1 cem, 2 sand, not more than thick, laid at same 
time as cone, Lv. 

74. Moldings, cornices, etc. Plastic mortar placed against finely 
constructed molds, as cone is being laid; no exterior plastering permitted, 
SE, TAT; no plastering to be done unless expressly permitted, F. 

75. Fop finish. Cone brought up to 3 Vf from reqd elevation; while 
this is still unset and plastic, 3" of finer cone added, tamped and kneaded 
to form a monolith with the underlying cone; then H" of 1 : 3 (1 : 2, AID 
cem mortar added and worked down to reqd grade by rubbing with a long 
wooden straight-edge, AH, BR. 

76. (taping. While cone base is still soft, unset and adhesive, mortar 
(to be 1" thick when finished! spread, leveled off and beaten with wooden 
battens or mauls; floated with wooden float and smoothed with plasterer ft 
trowel; covered with boards or tarpaulins until hard set; then covered with 
sand; to be kept damp several days, FP; mortar, < 1" thick, of 375 IDs 
Port cpm to 10.5 cu ft sand; tamped in place on top of rammed cone bef« re 
the latter has begun to set; raked with straight-edge, rubbed with wooden 
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floats and finished with plasterer’s trowel, ,CK; 1 : 2 Port cem mortar, 1* 
thick, TR; surf formed by working the siones back from face, Hb. 

77. Granitoid surface finish for tops of piers, pedestals and abuts; 
1 part Port, 2 parts clean coarse granite sand or fine granite screenings, 3 
parts granite chips, passing yf iron ring. Finished with a floated surf. WH. 

78. Water-proofing. Heavy coat of semi-liquid mortar 1 part cem, 
Vi part slaked lime, 3 parts Band. This coat to be given a smooth finish. 
When this has set hard, add a heavy coat of pure cem grout, C§. 

7#. Plastering with cement. None permitted on exposed faces. 
AH, C8. Inside faces of spandrel walls, covered by fill, to be well 
dampened and plastered with mortar of 1 cem : 2.6 sand, CB. See p 
1360, II 66. 

Artificial stone. 

80. (a) For fine moldings, etc. Molds plastered with semi-liquid 
mortar, 1 cem, 2 fine sharp sand, backed with earth-damp cone 1:2:4, 
or 1 cem to 6 gravel passing ring. Cone backing rammed in thin 
layers, (b) For plain flat surfaces. Cone rammed in mold. Mold 
removed. Exposed surfs floated to smooth finish with mortar as in (a). 
No body of mortar to be left on face. Use only enough to fill pores and give 
smooth finish, €8. 

Strength, etc, required. 

(Strengths, etc, in lbs / □*, unless otherwise stated.) 

81. Ultimate comp, after hardening for 28 days, < 2000, Un, Nh. 

82. Fit shear corresponding to 2000 comp, 200, Un. 


Maximum allowable loads. 

83. For static loads upon a 1 : 6 Port cem cone. 


Max 


Compreasn, cone surface > loaded area. 

in columns, length > 12 diams. 

“ “ “ with longitudinal reinfmt only. 

*.hooped. 

" “ “ “ , with 1 to 4 % long’l bars . . 

" M “ with structural steel col units thoro- 

Iv encasing cone core. 

Rupture modulus (elas moa, E, constant!. 

" *' adjacent to supports, (E constant). 

Pure shear (uo comp normal to shearing surf; reinfmt tak¬ 
ing the normal tension). 

Shear, combined with equal comp. 

Adhesion, plain bars. 

“ drawn wire . 


allowable load 

lbs / ert 

.0.325.**- 650 
.0.225.* - 450 
.0.225.* - 450 
.0.270.* - 540 
.0.325.* - 650 

.0.325.* - 650 
0.325.* - 650 
.0.375.* - 750 

0.060.* - 120 
0.162.* - 325 
0.040.* - 80 
0.020.* - 40 

JC. 


84. Compression. See also 1 146, p 1366. 

A. exclusive of temp stresses, 

B, including stresses due to temp changes of 40^ F 
In arches for bridges, lbs / Q*: 

for highways and electric railways. 

for steam railways. 


A 

500 

400 


B 

600 

500 


cs. 


85. On first-class Port cem cone, with agg properly graded: 

1 : 6 or less, 60,000 lbs / sq ft -.417 lbs / □ ; 

1 : 5 or less, in beams or slabs. 

"In case a richer cone is used, this stress may be increased with the ap- 
proval of the commissioner to not more than” 600 lbs / □ , Ms. 


* I - ult comp strgth in lbs / □’at 28 days when tested, un der labor .- 
lory conditions, in the form of cyls 8' diam, 18' long, of same consistency *• 
used in the field, 
t When * - 2000 lbs / 
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86. Portland, 1:2:4 . 230 lbs / 

1:2:5 . 208 

Rosendale or equal, 

1:2:4.125 

1:2:5.Ill “NY.* 


87. Portland, lbs / Q*. Mix, 1:2:4 1 : 2.5 : 5 1:3:6 

machine-mixed.400 350 300 

hand-mixed.350 300 250 

Natural. 150 

Cinder, 700; ^ 

Port, in reinfd cone; direct, 0.2 X ult; in bending, 0.35 X ult. Ch. 

88. Port, direct, 350 lbs / LT; m reinfd work, 350 lbs / Q" simultane¬ 
ously with 6000 lbs / |_/ tension in steel, l’n. 

89. Port, direct, 350; in bending, 500, Nh. 


Aggregate 

90. Port, Stone or gravel Slag Cinder 

In bending . 600 400 250 lbs / □* 

Direct, in cols 

length > 15 diam ... 500 300 150 

In hooped cols, 1000 lbs / □" on area within hooping, Ph. 

1:2:4 1:2:5 1:3:6 

Port. 700 650 600 lbs / □" 

Nat. 400 ... ... *' L. 


91. TenNiom lbs / LT. 

A, exclusive of temp stresses, 

B, including stresses due to temp changes of 40° F. 

A B 

In reinforced arches .-. 50 75 

In reinforced slabs, girders, beams, etc. 0__0 C8. 

On diagonal plane, 0.02 X ult comp strgth, Cl>. 

92. Shear, lbs / □*. 

75, CS; 50, Mh; 60 when uncombined with comp upon the same plane 
“unless the bldg commissioner with the consent of the board of appeal 
shall fix some other value,” Ms; stone or gravel cone, 75; slag, 50; cindei, 

25, Ph. 

Elastic modulus. 


93. 1,500,000 lbs / CS. 

Adhesion. 

94. See p 1279, and p 1364, H 113. 


Safety factors. 


Safety factor 


ultimate load 
allowed load' 


95. At end of 1 mo, in subways and girder bridges for highways and 
electric rys, also bldgs, roofs, culverts, sewers, 4; in subways and girder 
bridges for steam rys, 5, €S. 

Port, in reinfd cone, comp, direct, 5; in beams, 1/0.35; Ch. 

In reinfd beams, 1 for dead load, plus 4 for liv v e load, = 5; 

In iron or steel in latticed or open work cols,’ beams or girders, encased in 
cone which extends < 2" beyond metal (with no allowance for the cone), 3 

L 

Reinforcement. 


96. Bara, unpainted, but free from scale, rust and gtease, G. 

97. Bhape. Plain round or square, or corrugated, Lv; plain or 
twisted, NO ; deformed, AH ; twisted or deformed, Ira ; Square machine- 


♦Corresponding with loads proposed by C. C. Schneider, Trans, A S C E. 
Vol 54, Jun '05, p 384. Ou p 493 Mr. Schneider proposes, instead, for Pori 
eem cone only: 

per sq ft per sq inch 

1:2:5 .20 tons - 40,000 lbs 278 lbs. 

1:2:4 ...25 “ - 50,000 “ 347 
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twisted. Co ; Ransome twisted square preferred, F; Ransome or equal, Hb ; ' 
Thacher bar, CS; square, twisted cold, or Johnson corrugated bar: in 
Johnson bar, net section *= that reqd, by the plans, for twisted bars; plain 
bars to be used in comp only, Ci. 

98. Twisted bar*. 

Size, ins . 

Twists per ft.12 8 


One turn in 5 to 7 times nominal size, F. 

Twisted uniformly by machinery; min cross sec area to vary not more 
than 2.5 %, NO, Co. 

99. Hound, corrugated, etc, bar* to have same agg net sec area 
as square or twisted bars, NO. 

Requirement*. 

100. Iron and *teel“tu meet the ‘Manufacturers'Standard Specfns,' 
revised Feb 3, ’03," Ph. See pp 1154, 1156. 

101. Steel. Mfr and bardnea*. Medium open-hearth, NO, Bu, 
Co, Cl; mild, Lv ; soft or medium, CS. 

102. Ultimate tensile strength, in thousands of lbs / Q". 52 
to 62, F; 54 to 64, Un, Mb; meditim, 50 to 65, Ci,a; medium, 60 to 
68, €8; soft, 54 to 62, CS ; 55 to 65, Lv, TAT; < 55, NO ; 57 to 65, 
Co,a; 60 to 70 before twisting, Co,b; 60 to 70, Bu. 

103. Ult comp strength. 

Mixture 1:1:2 1:1.5:3 1:2:4 1:2.5:5 1:3:6 

lbs/Lf = 2900 2400 2000 1750 1500 

n~E g /E c ~ 10 12 15 18 20 

Ch. 

104. Fracture, silky, uniform in color and texture, Co. 

105. Elastic limit < half ult tensile strgth, «. 

100. Elastic modulus, 30,000,000 lbs/□", CS. 

.... n , , .. . elas mod for steel 

107. Ratio, n, of elastic moduli, n = = 

E e elas mod for oonc 

n = 12, Mb. “If not shown by direct testa,” in beams and slabs, n - 15; 
in cols, « = 10, Ms; with ult comp strgth =* 2000 lbs / \J", n = 18, Un. 
Stone or gravel cone, n = 12; slag, n =-■ 15, Ph ; cinder, n = 30, Ph, Ch. 

108. Elongation. %, minimum, in 8", 25, F, Lv, NO, Co,a; 22, 

<•«,!>, €l,»; 20, Iln.Mh; soft, 25; malium, 22, C8; 1 .<00,000 T AT . 

tensile strgth 

109. Bending test. Cold, F, Lv, Bu, CS; hot, cold or quenched, 
NO, Co,a; 180° about a diam -=■ the thickness of the bar, F, NO, Bu, 
Co, CS; (before deforming, F); about a diam = twice the thickness of 
the bar, Lv; (after deforming, F); soft steel, flat, CS; cold, 90° over a 
diam «= twice the thickness of the bar in steel > H" diam; over a diam 
“ 3 X thickness of bar in steel > diam, Ch. 

Maximum stresses allowed In steel. 


X % H % 

5 3.5 ' 


n - 1 IX lh 

2.5 2 1.75 1.5 1.5, NO, Co; 
1.5 . Cl. 


Stresses in lbs / □* unless otherwise stated. 

110. Tension, 16,000, Mb, Ph, JC; (iron, 12,000, Ph); one-third 
elas lim, but not over 18,000, Ch ; mild, 12,000; medium, 15,000; high- 
carbon, 18,000, L. 

111. Shear, 10,000, Mh; 12,000, Ch. 

.. w elas mod in steel 

112. Comp = comp in cone X Ch * . 


“In arches, the steel ribs under a stress not exceeding 18,000 lbs per square 
inch must be capable of taking the entire bending moment of the arch with¬ 
out aid from the cone, and have flange areas of < the 150th part of the total 
area of the arch at crown. The actual stress when imbedded in and acting 
in combination with cone shall not exceed 20 times the allowed stress on 
the cone.” 
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“In slabs, girders, beams, floors, and walls, subjected to transv stress, the 
steel shall be assumed to take the entire tensile stress without aid from the 
cone, and shall have an area sufficient to equal the comp strgth of cone 
composed of i part Port cera, 3 parts sand, and 6 parts of broken stone, of 
the age of 6 mos.” 

“In walls or posts subjected to comp only, no allowance will be made for 
the strgth of imbedded steel, which will be used only as a precaution against 
cracks due to shrinkage or changes of temp.” 

“In tanks, the imbedded steel under a stress not exceeding 15,000 lbs / □" 
shall be capable of taking the entire water pres without aid from the cone, ” 

Elongation in service not more than 0.2 %, ('ll. 

113. Adhesion between steel and concrete. Assumed > al¬ 
lowed shear on cone, Mh, Ms; < shear on cone, Un; in stone or gravel 


cone, 50 lbs / LT; slag, 40; cinder, 15, Ph. 

114. In 1 : 2 : 4 cone, max:, lbs / 

on plain round or square bars, structural steel. 70 

high carbon steel . . .... 50 

on plain flat bars, ratio of sides >2:1 . 50 

on twisted bars, < 1 twist in 8 diams. 80 

on specially formed bars, 

0.25 X ult adhesion as determined by test; max. = 100 Cb. 


115. When the allowed adhesion is exceeded, “provision 
must be made for transmitting the strgth of the steel to the cone,” tin, Mh, 

Ph. 


116. Length and lapping. 

Longitudinal bars not lews than 30 It, if possible, Lv. 

In beams, rods of single length, if possible, NO, Co, Ci. 

If lapped 

Size of rod, ins.M H H % % % 1 1M 1M 

Lap, ins. 6 10 13 18 20 22 26 30 32 

6 9 12 15 18 20 22 24 27 


NO. 

Co. 


Lap = 25 diams of rod, Bu. 

Lap < 20 X diam of rod, < 1 foot, Cl. 

In parallel rods, joints staggered. Bn, Ci. 

Ends, not less than 2 " from any surf, Lv. 

Rods extend to extreme edges of unfinished surfs. 

“ “ “ within 1" of finished surfs. Co. 

Floor rods extend 4 " beyond face of wall supporting the floor; 

Beam “ “ < 8" beyond face of wall supporting the floor, 

NO, Ci. See Clearance, below. 

117. Protection. If work is interrupted, bars, already placed, must 
be protected, as with canvas or tarred paper. Ends, projecting for a con¬ 
siderable time, to be painted with heavy coat of neat cem grout, F, Lv. 


Permit. 

118. Complete detailed plans and speefns, giving composition of cone, to 
be filed with the Commissioner of Bldgs, Ch, Un, Mh, Ph. 

Issue of permit does not involve acceptance of constr, Ch. For tests 
required, see pp 1362-3. 

Clearance. See also 116, 134, 144, 149. 

Distance, t, between steel and surf of cone. 

119. In cols, beams and girders, t < 1 H*. Ch, Ms ; in slabs, 
t < M* < diam of bar, Ch; t < Ms; t < 1.5 X diom of bar, JC. 

Axis of rods dist from outside of cone < diam of rod, CS. 

For fireproof buildings, see UH 120-128. 

Clear dist betw bars < 1.5 X max sectional dimension of bar, 
Ch, JC. Clear dist betw two layers of bars, < M*, JC. 

120. For fireproof buildings 120-128), reinfd cone constr not 

approved “unless satisfactory fire and water tests shall have been mao 
under the supervision of this Bureau,” Mh. .... 

May be accepted if designed as prescribed in code, provided that: 

(1) Ag g shall be “hard-burned broken bricks, or terra-cotta, clean furnace 
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clinkers entirely free of combustible matter, clean broken stone, or furnace 
slag, or clean gravel, together with clean siliceous sand, if sand is reqd to 
produce a close and dense mixture ; ” Un. (The other codes quoted specify 
tewer permissible varieties of agg.) Agg to pass % in sq mesh, Ch; V ring, 
and 25 % of agg > half max size, Ph. 

(2) Min thickness, t, of cone, surrounding the reinfg members, shall be 
as follows, where d -= diain parallel to l : 

121. When d > Yt,", t =* l"; when d > H", t =» 4 d. In any case t 

> i*; t < thickness required for structural purposes plus a, a =1" in cols 
and girders, a '■= U" m floor slabs “but tins snail not be construed as in¬ 
creasing the total thickness of protecting cone as herein specified.” tin. 

122. In girders and column*, t = 2"; in beams, t = 1Y*; in floor 
slabs, t = 1 , JC. 

123. In monolithic cols, the outer 1 Yt' to be considered as protective 
covering, and not included in effective section, JC. 

124. For beam* and girder* ; on bottom, t = 2"; on sides, t = 

1 Jo". Under slab rods, t = 1". In cols, t - 2", Ch, Ph. 

125. “If a supplementary metal fabric is placed in the cone surrounding 
tin reinfg, simply for holding the cone, the thickness of cone under the re- 
mfg may be reduced by Yi, such fabric shall not be considered as reinforeg 
metal,” Ch. 

126. On floor and roof beams, t = 1"; on floor and roof girders, and on 
beams carrying masonry, on top, l *=* 1"; elsewhere, 2", on cols, carrying 
only floors, t = 3", on cols built into or carrying walls, 4", Id*. 

127. Cinder concrete, for fireproof eonstr, t same as for stone cone; 
for slow-burning or mill eonstr, on cols, t - 2"; “on beams, girders and other 
structural steel or iron members,” t = 1 Yi. Covering to have “metal 
hinders or wire fabric imbedded in and around” such members; binders, 
li of wire, not leas than No. 8, not less than 16" apart, i'll. 

12M. Corners of cols, beams and girders, to be beveled or rounded, JC. 

Column*. 

129. Columns must be allowed < 2 hrs for settlement and shrinkage 
before girders are constructed over them, JC. 

130. “ Rule* for the computation of remfd cone cols may be formu¬ 
lated from time to time by the bldg commissioner with the approval 
of the board of appeal,” Ms. 

131. Concrete and steel assumed to shorten “in the same 

proportion”, Ms. 

132. Cone and steel stressed in ratio, n, of their elastic moduli, 

JC. 

133. Rods tied together at intervals sufficiently short to prevent 
buckling, Ms. See H 136. 

134. Outer 1 Y<i to be considered as protective covering and not included 
in effective section, JC. 

Reinforced columns. 

I, - length; d = diameter or least side. 

135. Keinfd cone may be used for cols when L >12 d, Ch. I T n, Mb; 

> 15 d, JC!; and where cross section area < 64 □ , Ch. If L > 15 a, 
allowable stress to be decreased proportionally, Ph. 

136. Requirements. Rods to be tied together at intervals 
not more than d , lln, Mh, Ph ; not more than 12 d, not more than 18*. III. 
8e<« 133. 

137. Longitudinal rods not considered as taking direct compres¬ 
sion, Ph. 

13H. Combined cross section area of comp rods > 3 % of cioss 
sec area of col, Ch. 

139. When comp rods are not reqd, combined cross sec area of rods to 
be < 0.5 % of cross sec area of col; not less than 1 □ , Ch. 

140. Least dimension of smallest rod to be not less than Yx\ Ch. 
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141. Rods to extend into the col above or below, lapping the rods there 
sufficiently to develop the stress in the rod by the allowed unit for adhesion, 

Ch. 

142. Eccentric or transverse loading 1 . Max fiber stress, in¬ 
cluding (i) direct comp, (2) bending due to direct comp, (3) eccentricity 
and (4) transverse load, not more than allowable comp stress. Eccentric 
load “shall be considered to affect eccentrically only the length of col ex¬ 
tending to the next point below at which the col is held securely in the 
direction of the eccentricity,” Ms. 

143. A column, monolithic with or rigidly attached to a beam 

or girder, must resist, m addition to direct loads, a moment -= max 
unbalanced moment in the beam or girder at the col, Ch. 

144. Hooped column*. Cone may be stressed to 25 % of ult 
strgth, provided 

(1) Cross sec area of vert reinfmt < area of spiral reinfmt, > 5 % of 
area within hooping; 

(2) Percentage of spiral hooping < 0.5, > 1.5; 

(3) Pitch of spiral hooping uniform and > 0.1 X diam of col, > 3"; 

(4) Spirals so secured to verticals, at every intersection, as to main¬ 
tain form and position; 

(5) Spacing of verticals > 9", > )« circumference of col within hooping. 

Hooping “may be assumed to increase the resistance of the cone equiv¬ 
alent to 2.5 X the amount of the spiral hooping figured as vert reinfmt.” 
Cone, outside of hooping, not considered as part of effective col sec, Ch. 

145. “The working stresses will be a subject for special consideration 
by the Commissioner of Bldgs,” tin. 

146. Allowed nnit compression = 1000 lbs/' '"of area within 
hooping, Ph. 

147. Percentage of long'l rods and spacing of hoops to be such that the 
cone may develop this stress with a safety factor of 4, Ph. 

148. “Hoops or bands not to be counted upon directly us adding to the 
strgth of the col,” JC. 

149. Clear spacing of bands and hoops > 0.25 X diam of enclosed col, JC. 

150. Structural steel reinforced columns, ('one may be 

subjected to M ult stress, provided (1) cross sec aiea of steel is not less than 
1 (2) spacing of lacing or battens not moie than least width of col, C'b. 

Beams and floors. 

151. The common theory of beams is applicable. En, Ch, 
Mh, Ph. 

152. The steel Is assumed to take all the direct tensile stresses, 
L, En, Eh, Ms, Mh, Ph. Tensile stress in cone to be considered in 
calculating deflections, JC. 

153. The stress-stretch curve of cone in comp is assumed to be a 
straight line, Eh, Ph. n, = EJE C , = 15; for deflections, n — 8 to 12, JC. 

154. At 2000 lbs/Q" extreme fiber stress, this curve may be taken as 
(a) a straight line; (b) a parabola, with axis vert, and vertex on neutral 
axis of beam; or (c) an empirical curve, enclosing an area % greater than 
if curve were a straight line, and with cen of grav at same height as that ol 
area in (b), En. 

155. stresses. A load, - 4 X the total working load, stresses the 
steel to its elas lim, and the cone to 2000 lbs/D*', En. Design “based on 
the assumption of a load 4 times as great as the total load, Ph. (Total 
load « ordinary dead load plus ordinary live load, En, Ph.) 

156. The adlie«ion. betw cone and steel, is assumed to be sufficient 
to make them act unitedly, En, Ch, Mh, Ph. 

157. Exposed metal not considered in figuring strgth, En, Ch, P* 1 * 

168. ftpan = dist c to c of bed plates or other bearings, M** 

If beam is fastened to side of a col, span is measured to cen of col, n 
Span > (clear span +■ depth of beam or slab), JC. 
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15ft. Shrinkage and thermal stresses t,o be provided for by 
introduction of steel, Ph, Ph. “Initial stress in the reinfmt, due to con¬ 
traction or expansion in the cone, may be neglected,” Jf. 

160. When the shear developed exceeds the allowed limit for cone, 
steel must be introduced to take the excess, I’ll, Mil, Ph, JP. 


161. Allowable values for shearing stresses: 

(a) With horizontal bars only. 

(b) With part of the hor reinfmt in the form of bent-up bars, 

‘' arranged with due respect to the shearing stresses”,.. 

(c) With thoro reinfmt for shear. 


lbs/D" 

40; 

>60; 

> 120 , 

JO. 


Under (c), cone may be taken as carrying % of the shear; the remaining 
% being carrier] by bent rods or stirrups (preferably both) carrying their 
snare within a hor dist = depth of beam, JO. 

162. Longitudinal spacing of stirrups or bent rods > 0.75 X depth of 
beam, JO. 

165. Cement finish, added to the tops of slabs, beams and girders, 
not, to be included in figuring strgth "unless laid integrally with the 
iough cone,” and to be allowed no greater unit stress than that on the rough 
eonc, 111 . 

161. Web reinforcement. “Where the vertical shear, measured 
on the sec of a beam or girder, betw the centers of action of the hor stresses, 
.» 0.02 X the ult direct comp stress/J", web reinfmt shall be supplied, 
sufficient to carry the excess. The web reinfmt shall extend fiom top to 
bottom of beam and loop or connect to the hor reinfmt. The hor reinfmt, 
carrying the direct stresses, shall not be considered as web reinfmt,” Ph. 

165. Nfeel in the compression aides of beams and girder*. 
“When steel is used in the comp side of beams and girders, the rods shall 
be tied in accordance with requirements of vert reinfd cols with stirrups 
connecting with the tension rods of the beams or girders,” Ph. 

166. “When steel or iron is in the comp sides of beams the proportion 
of stress taken by the steel or iron shall be in the ratio of the mod of elas 
of the steel or iron to the mod of elas of the cone; provided, that the rods 
are well tied with stirrups connecting with the lower rods of the beams;” 
Ph. 

167. Where slabs are used with girders and beams, the 

girders and beams are treated as T-beams, a portion of the slab acting as 
flange; f>. 

168. Portion. F, of width of slab, acting as flange. 

t = thickness of slab ; L = span of beam or girder ; 

b -=■ breadth of beam or girder; 8 = dist c to c betw beams or girders. 


F to be “determined by assuming that, in any hor-plane sec of the flange, 
the stresses are distributed as the ordinates of a parabola, with its vertex 
in the stress-stretch curve and with its axis in a longitudinal vert plane thru 
the cen of the rib of the T." Said portion to be reinforced with bars near 
•he top, at right angles to the girder. Un. 

I6ft. F dependent upon hor shearing stress, F > 201, Ph; F > 10 6, 
Mh. 


170. F governed by shearing resistce betw slab and rib; F > S (1 — 

> L/3, > M S. To be assumed as thus acting, slab must be cast at same 
time with rib, Ph. 


F > L/3, > S, Ms ; > L/ 4, > 8 1 4- b, JC. 

171. T-beams to be reinfd against shear along plane of junction between 
rib and flange, Un, Ph ; using stirrups thruout length of beam, Ph. 

172. Ribs of girders and beams to be monolithic with floor slabs 

I n, Ph. 

173. “Where reinfd cone girders carry reinfd cone beams, the portion of 
die floor slab acting as flange to the girder must be reinfd with bars near 
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the top, at right angles to the girder, to enable it to t nsnnt local load 
direct 1\ to the girder and not thru the beams, thus avoi ng an lntegiatm- 
of comp stresses due to simultaneous action as Hour .slab id glider Hang*. 

I n. I*h. 

.Moment. M. See also •• 1"#. 1 

174. H r -= load per sq ft. I span, m ft In free MipporPsi **lnh. 
L — free opening -+ depth, in continuous ■'labs, L di inee beta eentei 
of supports. 

175. With concentrated ot special loadings, caleuln mid provide l 
moments and sheais for critical condition ■>( loading, t'li 

For dead load, M obtained fiom the at tual dead 1<»: ) covering all 

“ live load, over support**, M obtained timn the spaie at 
a< tual live in i -ame tune 

“ “ " between supports M in.is obta ..« from li\e b*a 

covering 2 consecutive «*t 1? alternate m> at same tmv 
When all .spans are equal, let M ( nun h\e loatl in ient at iiuttdle ! 

span. Then, 

for intermediate spans, M ( * J' 
for end spans. l/ f ^ 

Sum of live load moments over one support and at cer of span, < - < 

<h. 


Continuity. See also r 175. 


17ft. Benins and glrtler* considered as simply supported at end-, 
no allowance made for cnntinuitv, I n. Mil. 

177. Beams, etc, calculated as simply supportetl, "i as continuous, 
according to the facts, <ii. Ms. 

17 H. Continuous floor plates, lemfd at top over -npporls, mav l"' 
treated as continuous beams l mler uniformly distribuP I loads, mom, di. 
taken at not less than 0.1 11 h, ()t)5 If /, with .square tloor plates, reinul 
in both directions and supported on all sides, I n, Ml). 1*1*. 

179. In floor Nlabs adjoining walls: if slab is remfd liij*^ 


direction, M 

Ph. 


if square and remfd m both directions, M 


If 1 
l«i ' 


1H0. Floor slabs designed and remfd «*■ continuous over the supports. 
If length of slab >15 / its width, the entue load should be curried m 
transverse remfmt. “.Square slabs m.iv well be remfd in both directions. 

JC. 

1HI. For beams and slabs continuous for - 2 spans, bending moms at cen 
and at support, for both live and dead loads, as follows: 

In floor slabs and in interior spans of continuous beams, M ** u ' Vj\“\ 

in end spans of continuous Warns, . M =“ / 

w *= load per unit of span, L -- span. JC. 

1S2. In continuous spans, provide, at support**, for 
negative mom - 0.K positive mom at cen of a simply supported flp« n - 
Posmom, at cen of continuous span, mav betaken neg mom at «u]>P ,,r ■ 

Mn. 


Ton In. 

1S3. Bldg Commissioner mav require tests of materials before or 8 ^ 
incorporated into bldg, M h. Contractor must be prepared to make 
testa m any portion of bldg within a reasonable time after erection, am 
often as may be reqd by engineer, f'h, I»l), Mh, Ut». Tests must aa 
that the conatr will sustain loads us follows: 



8£>K<lFWW1 ^m%^x^. 

for fibbreviat ions, »> in bo In nnd references, aoe p 1251 . 

load — - •' sum of proposed dead and hve loads, €h: 

•• 2 / proposed live l«»ul, Pli; 

“ -3a proposed load, >II». 

1HI. (’onstrpction may be considered as part of the test load, €h. 

IS5. Miudi test lo id shall cover 2 or more panels, and remain in place 
n,,t less than 24 his, ( I). 

I Ml. l)eflection of slabs not more than 

Inflection of gilders i X ratio of slab depth to girder depth, Ch. 

1*7. lest, l. r > da\s afiei completion. 

l.o.ul l./i live load + 1.5 X dead load of finished area. 
Deflection > 0 001 X length of member, €i,b. 


(OXCRETE SIDEWALKS. 

Abstract of Specification 

Adopted by 

National Association of ('cinent Users 

Philadelphia, January, 1<J08. 

1. Cement' Poitland, to meet specification of A S T M, adopted Jan, 
mot). See p 940. 

2. Sami. To pass No. 4 screen. May contain > 5 % loam and clay, 
if these do not coat the sand grams. 

<j t>0 r ,' ( of the sand to pass No 10 sieve, or 
35 to pass No 10 20 30 40 sieve, 
and remain ou No 20 30 40 50 “ , respectively. 

> 20 r c of the sand to pass No 50 sieve, or 
70 1 i to pass No 10 20 sieve, 
and remain on No 40 50 “ , respectively. 

3. Screening;**. from crushed stone as below, and meeting sand require, 
meats, max be substituted for sand. 

I. Affirreurate. Slone, crushed from dean, sound, hard, durahle 
rock, seicenwldrj thru • 1 4 " mesh, retained on h" mesh. 

rt. (travel. clean, hard, ranging from that retained on M” mesh, 
in thal passing ■* 4 * mesh. 

<». ('iiscrcencd gravel, clean, hard. No particles larger than *4*. 
Piopoiti.m ot fine and coarse particles to conform to requirements below 
fm cone. 

7. Water, "reasonably clean, free from oil, sulfuric acid and strong 
alkalies. ” 


Sub-base. 

H. Sub-base to l>c thoroly rammed. Soft spots removed and 
replaced bv hard material. 

9. FUN > 1 ft thick, to he thoroly compacted bv flooding and tamping 
in laxers k 0" thick, "and shall have a slope of < 1 : 1.5." "The top of 
“I! fill* shall extend < 12" beyond the sidewalk.” 

10. “While compacting, the sub-base shall be thoroly wetted and 
‘‘hall be maintained in that condition until the cone is deposited.” 

Base- 

11. Voids. Tern must overfill voids m sand by < 5 %. 

12. Mortar must overfill voids in agp. by < 10 %. Proportions 1 : > 8 
•land and ugg. 

13. When the voids are not determined, 1 :3 sand or screenings : 6 
stone or gravel. "A sack of cem, 94 lbs, shall be considered to have a 
V °1 of 1 cu ft.” 
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Mixing. 

14. Hand. Sand evenly spread on a level water-tight platform, cem 
spread on sand. Mix dry to uniform color. Water sprayed ami mass 
turned until homogeneous and of uniform consistency. Drenched agg 
added and all mixed until agg is thorolv coated with mortar. 

15. Hand. With unscreened gravel. Cem and- gravel “mixed 
dry, until no streaks of cem are visible.” Water sprayed and mixed. 
Mortar must be equivalent to that specified above. 

16. Water may be added while mixing, but cone must be turned < 
once immediately afterward. 

17. Machine mixing will be acceptable when a cone equivalent 

in quality to that specified above is obtained.” * 

18. Ketenipering prohibited. 

Grade. 

19. Grade of Nidewalk < sufficient for drainage, > )i"/ft, “except 
where such rise shall parallel the length of the walk.” 

Forms. 

20. Liiiuiber. clean, free from warp, < 1thick. 

21. Fpper edges to conform with finished grade of sidewalk. 

22. Cross forms. “ \t each block division, cross forms shall be put 
in the full width of the walk and at right angles to the side forms,” except 
as in 11 23. 

23. Expansion joint. A metal parting strip }i" thick to replace a 
cross form < once in oO ft. “When the sidewalk has become sufficiently 
hard, this parting strip shall be removed and the joint filled with suitable 
material puor to opening the walk to traffic. Similar joints shall be pro¬ 
vided where new sidewalks abut curbing or other artificial stone sidewalk.” 

24. ‘*A1I forms shall be tlioroly wetted before any material 
is deposited against them. ” 

25. Dimensions of blocks. 

Size, feet.6 X 6 5 X 5 4.5 X 4.5 4 X 4 3 X3 

Thickness, ins: 

In business districts, 6 5.5 5 4 

In residence districts, 6 5 4 3 

In residence sidewalks, edges may be 25 % thinner than center; min = 3". 

26. Separating tool > 6" wide, M* thick. Groove cut thru into 
sub-base; groove filled with dry sand before the top coat is spread; top 
coat cut thru to the sand after floating and troweling, “and a jointer run 
in the groove”; trowel then drawn thru groove again “so as to insure a 
complete separation of the block.” 

Depositing. 

27. Cone carried to forma in watertight wheelbarrows. Cone must not 
slop over. Barrows must not be run over freshly laid cone. 

28. Cone must be deposited within 1 hour after mixing, spread evenly, 
and tamped until water flushes to the top. 

Protection. 

29. Workmen must not walk on freshly laid cone. 

30. Sand or dust, collecting on the base, to be “carefully removed before 
the wearing surface is applied.” 

Wearing surface. 

31. Minimum thickness, %*. 

32. Mortar, 1: 2 sand or screenings, mixed as for base, but wet enough 
not to require tamping, and so as to be readily floated with a straight-edge. 
“A thin coat of mortar shall be floated on to the base before spreading the 
wearing surf.” Mortar spread on base within 30 mins after mixing, and 
floated within 60 mins after base cone is mixed. 
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S3. Marking:. “After being worked to an approximately true surf, 
the block markings shall be made directly over the joints in the base with a 
tool which shall cut clear through to the base and completely separate the 
wearing courses of adjacent blocks.” 

34. Surface edges rounded to a radius < VC. 

35. “When partially set, the surf shall be troweled smooth." 

36. On grades > 5 %, surf to be roughened by a suitable tool “or 
by working coarse sand oi screenings into the surf.” 

37. Only mineral colors shall be used, and these shall be Incor¬ 
porated wdh tne entire wearing surf. 

Single coat work. 

3H. Proportions. 1 : 2 sand . 4 gravel or crushed stone. Blocks 
sc pa rated as in two-coat. work. Cone to be firmly eompaeted by tamp¬ 
ing, and evenly struck off and smoothed to the top of the mold. 
“Then, with a suitably grooved tool, the coarser particles of the cone tamped 
to the necessary depth so as to finish the same as two-coat work." 

Protection. 

39. “When completed, the sidewalk shall be kept moist and pro¬ 
tected from traffic and the elements for at least 3 days. The forms shall be 
icmoved with great care, and upon their removal earth shall be banked 
against the edges of the walk.” 

trading adjacent to sidewalk. 

40. On curb side, 1 }4" below sidewalk, slope < Vi* fit. On property 
side, “the ground should be graded back < 2 ft and not lower than the walk.” 


CONCRETE BLOCKS. 

1. BnfRtlo harbor. Blocks 6 ft long, abt 4 ft s(|, 88.73 cu ft = 3.3 cu 
vds, made in wooden molds. Vi bbl Port, 2.5 cu ft sand, 7.5 cu ft pebbles, 
7.5 cu ft broken stone, made a layer of cone, in mold, about 6 # thick. Faces, 
C" thick, of blocks on lake-face of breakwater, of finer material. Face 
placed first; backing placed before face had set. (Emile Low, A S C E, 
Trans, June '04, Vol LI I, p 96.) 

2. Zeebrngge breakwater. Belgium. Blocks 25 m (82 ft) long, 
9 in (29.5 ft) wide, 8.75 m (28.7 ft) high, 2000 cu m (2616 cu yds), 4500 
tons each. Outer cone shell, with cutting lower edge, three compartments, 
formed in iron framework and floated to place; placed between guides and 
block last sunk; sunk by admission of water, and filled up with cone, 

1 cetn. 2.5 sand : 6.1 broken porphyry, bv means of skips of 10 cu m (13 
cu yds). Top meter, rich in ccm, placed above water at low tide. Seaward 
toe immediately protected by rubble rip-rap. 

Superstructure of 55-ton blocks, laid above water; these surmounted by 
cone blocks, formed in place. 

3. Mold* for Isolated monolithic sub-aqueous concrete 
blockN, from 150 to 222 cu yds, forming pier ot trapezoidal cross- 
sec. The molds are bottomless boxes of tiapezoidal cross-sec. composed 
of two sides and two end pieces, held together bv 1 h" turnbuckle tie-rods 
acting on beams placed outside of the mold. The tie rods have, at each 
end, eyes in which wedge-bolts are inserted at time of erection, lo remove 
the molds, the wedge-bolts are removed by turning uj< a nut on the rods 
w Inch form an integral part of the wedge-bolts. This pulls the wedge-bolt 
from the eyes of the tie-rods and releases the walls of the molds, which 
are then picked up by the mold traveller, and re-assembled on the traveller 
ready for re-setting. Weight of mold, 40 tons. .Time reqd for removing 
mold from a block and re-assembling for re-setting, from 45 to 60 mins. 
Buoyancy of timber overcome by cast iron ballast wts. Alternate blocks 
placed first. For intermediate block? only the two side pieces of a mold are 
used. These are held in place and at their proper batter by six turnbuckle 
tie-rods, each passing thru a hollow square box of one-inch plank, acting 
as a strut. (South Pier at Superior Entry, Wisconsin. Report of Clarence 
Coleman. Asst. Kngr Report Chf Engr, (I S A, 1904, Part IV. page 3781.) 
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4. “ Lewis holes should be cast in the blocks where practicable” 
and so “as not to bring excessive pres on the cone, particularly near the 
mortar facing or near the arrises of the block.” Lewises and dogs may 
pull out of green blocks. Provide wooden blocks and rag cushions for use 
in turning over the blocks, otherwise the corners may be damaged. 

5. Casting 1 position. Blocks should be cast with the most important 
face down, their showing faces as nearly vert as practicable, and the back 
of the block on top, so that laitance, etc, nsing to the surf, may appear there. 

HOLLOW CONCRETE BUILDING BLOCKS. 

Abstract of Specification , 

Adopted by 

National Association of Cement Users, 

Philadelphia, January, 1908. 


1* Cement, Portland, to meet specification of A 8 T M, adopted Jan, 
1906. See p 1232. 

2 . Sand, silicious, clean, gritty, to pass Y\ H mesh sieve. 

3. Aggregate, clean broken stone, free from dust, or clear! screened 
gravel, passing %" mesh sieve, refused by M". 

4. Unit of measurement for cem. Bbl =* 380 lbs net; cu ft > 
100 lbs. Cem either measd in original package, or weighed; not measd 
loose in bulk. 

5. Proportions. For exposed exterior or bearing walls. 

(a) Machine-made. Semi-wet, 1 : > 3 sand : > 4 agg. 

(b) Slush (or wet) cone (quaking or flowing), made m individual molds 
and allowed to harden in them, 1 : > 3 sand : > 5 agg. 

If stone is omitted, proportion of sand may be increased if tests show no 
increase in voids or in absorption, and no loss of strength. 

tt. Water enough to perfect the crystallization of the cem. 

7. Mixing. “Thoroand vigorous mixing is of the utmost importance.” 

(a) Hand. Cem and sand mixt dry. Water added slowly and workt in. 
Moistened agg spread upon mortar, or mortar upon agg. Mix. 

(b) Machine preferred. Cem and sand, or cem, sand and agg, mixt dry. 
Water added and workt m. With wet cone, “this procedure may be varied 
with the consent of the bureau, etc.” 

8. Molding. Top surf of tampt blocks, after striking off, to be “trow¬ 
eled or otherwise finisht to secure density and a sharp and true arris.” 

9. Caring. After molding, blocks to be “carefully protected from 
wind currents, sunlight, dry heat or freezing for at least 5 days,” and sup¬ 
plied with additional moisture during that time “and occasionally thereafter 
until ready for use.” 

10. Minimum ago before using. 1 : 3 sand, 3 weeks; 1 • 2 sand, 
2 weeks “with the special consent of the bureau, etc”; special blocks, for 
closures, 7 days “with the special consent of the bureau, etc.” 

H. Marking. All blocks to be inarkt with maker's name or brand, 
day, month and year of mfr, and proportions, as ”1 ; 2 : 3,” etc. 

12. Mortar. “All walls, where blocks are used, Bhall be laid up with 
Portland cem mortar.” 

13. Maximum load, including wt of wall, 8 tons per sq ft of area 
of blocks. 

14. Thicknesses of walls. Bearing walls “may be 10% less 
than is reqd by law for brick walls.” In curtain or partition walls same as 
for hollow tile, terra cotta or plaster blocks. 

15. Offbetn. “Wherever walls are decreased in thickness, the top course 
of the thicker wall shall afford a full solid bearing for the webs or walls ol 
the course of blocks above.” 

lft. Under girders or joists, blocks to be made solid for < 8 r 
from inside face. If concentrated load, W, on block, > 2 tons, this ft P,P 1 '?® 
to the blocks supporting the girder, etc; if W > 5 tons, it applies to bloc*® 
for < 3 courses below, and to a dist of < 18* each side of girder, etc- 
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17. In party walls. blocks must be filled solid. 

IS. Bond. “Where the wails are marie entirely of cone blocks, but where 
said blocks have not the same width as the wall, every 5th course shall 
extend thru the wall, forming a secure bond, when not otherwise sufficiently 
bonded.” 

1ft. Block facing, on brick backing, “must be strongly bonded to the 
brick, either with headers projecting 4" into the brick work, every 4th course 
being a header course, or with approved ties, no brick backing to be less 
than 8".” 

20. Thickness of web of block (in bearing walls) < 0.25 X ht of 
block. 


21. Hollow space. In bearing walls, min percentage of hollow space: 


Buildings of 

1st 

2d 

3d 

4th 

5th 6th story 

1 & 2 stories. 

. 33 

33 




3 <t 4 “ . 

. 25 

33 

33 

33 


5 & G “ . 

. 20 

25 

25 

33 

33 33 


22. Kills and lintels to be “reinforced by iron or steel rods in a 
manner satisfactory to the bureau, etc.” When span > 54", lintel “shall 
icst on block solid for < 8" from face next the opening and for < 3 courses 
below bottom of lintel.” 

22. Prior to use, application must be filed with bureau or with 
chief of proper depaitment, giving “a description of the material and a 
brief outline of its manufacture and proportions used,” with “name of the 
linn or corporation, and the responsible officers thereof,” “and changes in 
same thereafter promptly reported.” 

21. '4'ertifieate of approval to remain in force > 4 mos, “unless 
there be filed with the bureau of building inspection, at least once every 4 
mos following, a certificate from some reliable physical testing laboratory 
showing that the av ” of < 3 comp tests and < 3 transverse tests comply 
with requirements; “the said samples to be selected by a building inspector 
oi bv the laboratory from blocks actually going into construction work.” 

25. Preliminary tent. Maker to submit product to tests required, 
and file certificate, from a reliable testing laboratory, giving in detail the 
results of tne tests made. Results of all tests, satisfactory or otherwise, to be 
filed in the bureau, open to inspection, but not necessarily for publication. 

26. Additional teats. Maker or user or both “shall, at any and all 
times, have made such tests of the corns used m making such blocks, or 
such further tests of the completed blocks, or of each of these, at their own 
expense and under the supervision of the bureau of building inspection, as 
the chief of said bureau may require.” 

Failure to stand these tests involves immediate revocation of the certifi¬ 
cate issued to maker. 

27. Teat reqtli remen fa. Blocks must be subjected to transverse, 
compression and absorption tests, “and may be subjected to the freezing 
and fire tests.” Freezing and fire tests uot at cost of mfr. 

28. Approval teats made at expense of applicant. 

29. Not leas than 12 samples to be selected by bureau, etc. 

30. “Samples must represent the ordinary commercial product, 
of the regular size and shape used in construction. The samples may be 
tested as soon us desired by applicant ” but > GO days after mfr. 

31. Blocks, failing 1 to stand tests, to be marked “condemned” 
by mfr or user, and destroyed. 

32. “Tests shall be made in series of at least 3, except that in the fire 
tests a series of 2 (4 samples; are suffiiienl.” 

33. “ Half samples may be used for the crushing, freezing and fire 
tests. The remaining samples are kept in reserve, in case duplicate or con¬ 
firmatory tests be reqd ” 






1372 


CONCRETE. 


4. “ Lewis holes should be cast in the blocks where practicable” 
and so “as not to bring excessive pres on the cone, particularly near the 
mortar facing or near the arrises of the block.” Lewises and dogs may 
pull out of green blocks. Provide wooden blocks and rag cushions for use 
in turning over the blocks, otherwise the corners may be damaged. 

5. Casting 1 position. Blocks should be cast with the most important 
face down, their showing faces as nearly vert as practicable, and the back 
of the block on top, so that laitance, etc, nsing to the surf, may appear there. 
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3. Aggregate, clean broken stone, free from dust, or clear! screened 
gravel, passing %" mesh sieve, refused by M". 
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100 lbs. Cem either measd in original package, or weighed; not measd 
loose in bulk. 

5. Proportions. For exposed exterior or bearing walls. 

(a) Machine-made. Semi-wet, 1 : > 3 sand : > 4 agg. 

(b) Slush (or wet) cone (quaking or flowing), made m individual molds 
and allowed to harden in them, 1 : > 3 sand : > 5 agg. 

If stone is omitted, proportion of sand may be increased if tests show no 
increase in voids or in absorption, and no loss of strength. 

tt. Water enough to perfect the crystallization of the cem. 

7. Mixing. “Thoroand vigorous mixing is of the utmost importance.” 

(a) Hand. Cem and sand mixt dry. Water added slowly and workt in. 
Moistened agg spread upon mortar, or mortar upon agg. Mix. 

(b) Machine preferred. Cem and sand, or cem, sand and agg, mixt dry. 
Water added and workt m. With wet cone, “this procedure may be varied 
with the consent of the bureau, etc.” 

8. Molding. Top surf of tampt blocks, after striking off, to be “trow¬ 
eled or otherwise finisht to secure density and a sharp and true arris.” 

9. Caring. After molding, blocks to be “carefully protected from 
wind currents, sunlight, dry heat or freezing for at least 5 days,” and sup¬ 
plied with additional moisture during that time “and occasionally thereafter 
until ready for use.” 

10. Minimum ago before using. 1 : 3 sand, 3 weeks; 1 • 2 sand, 
2 weeks “with the special consent of the bureau, etc”; special blocks, for 
closures, 7 days “with the special consent of the bureau, etc.” 

H. Marking. All blocks to be inarkt with maker's name or brand, 
day, month and year of mfr, and proportions, as ”1 ; 2 : 3,” etc. 

12. Mortar. “All walls, where blocks are used, Bhall be laid up with 
Portland cem mortar.” 

13. Maximum load, including wt of wall, 8 tons per sq ft of area 
of blocks. 

14. Thicknesses of walls. Bearing walls “may be 10% less 
than is reqd by law for brick walls.” In curtain or partition walls same as 
for hollow tile, terra cotta or plaster blocks. 

15. Offbetn. “Wherever walls are decreased in thickness, the top course 
of the thicker wall shall afford a full solid bearing for the webs or walls ol 
the course of blocks above.” 

lft. Under girders or joists, blocks to be made solid for < 8 r 
from inside face. If concentrated load, W, on block, > 2 tons, this ft P,P 1 '?® 
to the blocks supporting the girder, etc; if W > 5 tons, it applies to bloc*® 
for < 3 courses below, and to a dist of < 18* each side of girder, etc- 
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COST. 

1. The following data respecting prices and costs are compiled from rec¬ 
ords of actual obstruction as carried out by men presumably skilled in the 
art, and employing labor at about the usual rates. They afford only approx 
estimates of what may ordinarily be expected The cost of materials, trans¬ 
portation, and especially of labor, varies from time to time and from place 
to place. 

2. Not only does the rate per hour for labor vary; but the amt of work 
turned out in a given time varies much more widely. A well matcht gang, 
presided over by an efficient foreman, will produce usually from two to 
four tunes the output of an indiffeierit gang. Even a well-meaning worker 
will frequently let his efficiency drop to 75 % of what may reasonably be 
cxpedled; indifferent workers will produce only 30 or 20 %. The methods 
of payment, the character of superintendence, and the way in which the 
work is arranged and handled, arc all very important; and a bungler, or 
one unfamiliar with cone operations, would probably find difficulty in keep¬ 
ing the total costs within double those given. 

3. The principal item*, making up the cost of cone (plain and reinfd) 
may be classified as follows: 

Materials; Cem, sand, gravel, stone, reinfmt 

Transportation to storage; IIauling, freight 

Storage. 

Screening, washing. 

Mixing; Loading and transporting to mixer, mixing machine and power, 
labor and depreciation connected with it, auxiliary apparatus as mixing 
board, barrows, shovels, etc., and transporting cone to forms. 

Forms; Erection, shifting, depreciation, material, labor. 

Depositing; Dumping, spreading and ramming. 

Finishing; plastering, brushing, etc. 

Inspection and superintendence. 

Plant (besides mixer and forms); Interest, depreciation, repairs, insurance. 

Cost of Materials. 

4. For prices of cem, sand, etc, see “ Price List,” under 1, and its subdivi¬ 
sions, pp 1401, etc. 

5. The cost of any one material, per cu yd of cone, varies greatly in diff 
cases, due to wide variations in the percentages employed for diff grudes of 
cone, and can therefore be approximated only betw wide limits. 

0. Roughly stated, the total cost, for materials alone, may be ex¬ 
pected to fall somewhere between $2.50 and $7.60/cu yd of cone. The av 
would probably be $4 or a little more, exclusive of reinfmt. 

7. Cement. For prices, see “Price List,” 1.34, p 1403. Per cu yd of 
cone, betw $1.50 and $4, $2 and $3 being the more usual limits; affected 
chielly by grade of cem anil richness of mixture. 

ft. Kami. For prices, see “PriceList,” under 1.32, p 1402. Per cu yd 
of cone, betw 15 eta and $1, usually below 25; affected chiefly by grade, 
dist from bank, natural monopoly, and proportion used in mixture. 

0. Gravel. In the pit, exclusive of screening, loading and hauling, from 
20 ets to 75 ots per team load; affected chiefly by quality, and natural 
monopoly. 

10. Stone. For prices, see “Price List,” under 1.32, p 1402. Av price 
for .stone, broken to reqd size, at quarry, exclusive of cartage, about $1 or 
$1.50 / cu yd stone. Per cu yd cone, betw 50 cts and $1. Affected ohiefly 
by quality, dist from quarry, natural monopoly, and proportion of mixture. 

H. Reinforcement. Cost will vary with the design and type em¬ 
ployed. For iron and steel bars, see “Price List,” 1.43, p 1404. 

Plain rods, 50 ton lots, at mill, cts per lb, approx: 

<%”, 2; <H”, 2M. 

Ransome twisted rods, about M ct per lb more. 

Other deformed bars, H to K ct per lb more. 

12. The percentage of reinfmt usually varies from about % to 1% 
of the cross-sec of a beam or slab. 
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Cost of Transportation to Storage. 

13. Freight. Cem, by rail. Freight rates vary greatly in diff locali¬ 
ties, often due to no other apparent reason than arbitrary discrimination, 
Tunning as low as ^ ct / ton-mile, and above 2 cts; in general, 1 to 2 cts. 

14. By Canal. Boat loads of 100 tons of 2000 lbs each, ,oem, 1 to 2 cts/ 
ton-mile, according to dist; stone and sand, % to 1 

13. Coastwise freight. In carload lots, 0.4 to 0.6 ct / ton-mile, approx. 

Cost of Storage, etc. 

16. Storage. Ordinary cem barrels may be stored about 5 layers high, 
which requires about 1H □ ft floor space per bbl. 

17. Screening. Cost, by hand, betw 10 and 25 cts or more / cu 
yd of material handled. Machine screening, betw 4 and 8 cts / cu yd. To 
obtain the cost per cu yd of the screened material, multiply cost per cu 
yd by the ratio of total quantity handled to quantity accepted. 

18. Washing. Cost of washing sand, gravel and crusht stone may be 
5 cts or more / cu yd of material handled, for mechanical washers, handling 
large quantities. For small quantities, washt under unfavorable condi¬ 
tions, as high as 40 cts. 

Cost of Nixing and Placing. 

19. Nixing and placing. Total cost, exclusive of forms, from 
SI to J2.50 / cu yd of cone. 

30. Labor required, for fairly large quantities, on an av, one man for 
each 2 or 3 eu yds mixt and placed per day. On small jobs, each man will 
turn out much less. 

21. Dry cone costs about $1 more per cu yd to mix and place than wet 
cone. Herman Conrow, Jr, A S C E, Trans, Vol 42, 1899, p 124. 

22. Loading. From 12 to 24 cu yds of sand loaded into carts per man 
per day. 12 appears to be usual, but 24 not unreasonable. 

23. Transportation. Av load broken stone, gravel or sand. 

Wooden wheelbarrows. 2% to 2H cu ft =* 0.09 cu yd. 

Iron wheelbarrows. 1.9 cu ft — 0.07 cu yd. 

Cost of transportation per cu yd cone ordinarily betw 11 and 25 cts, de¬ 
pending largely upon the length of haul and the industry of the laborers. 

Coat of Nixing. 

24. Nixing (only). Much depends upon the diligence of the laborers, 
and the site of the mixer. Several examples indicate costs less than 10 cts 
/ cu yd, counting labor only, while others indicate, quite regularly, about 
25 cts. Sabin says “The cost of mixing cone in large quantities is seldom 
less than 30 cts / cu yd if allowance is made for plant.’' 

25. -As far as practicable, the course of the material should be downward; 
the mixer being kept above the work if possible. If an elevator is used 
for the cone, its entrance should be below the mixer. In subway or sewer 
work, the mixer can sometimes be placed below the street level and yet 
above the level of the work, so that it becomes unnecessary to raise the 
materials again after dumping them onto the street from the wagons. 
Much may be lost if the supply of materials and the demand for cone are 
not kept nearly equal, or if the conditions are such that the men cannot 
keep out of each other’s way. 

26. Ordinarily, more than half a dozen men cannot be disposed about a 
mixer to operate it to advantage, measuring materials, cleaning up plat¬ 
forms, etc (besides those actually engaged in getting the materials to and 
from the mixer). Cost, for labor only, should not be much over 15 cts per 
cu yd of cone, even with small machines. 

27. Nixem, turning out from 10 to 40 cu ft of concrete per batch (or, 
assuming one batch every 2 mins, 10 to 40 cu yds per hour) will cost from 
$500 to $1000, and will require from 5 to 10 HP. to operate. Hand power 
machines, with a capacity of 5 cu ft per batch, about $250. 

28. Coet of settlnjg up a mixer, and taking it down, including carting a 

few miles, and depreciation, betw $50 and $100. . . 

Up to 100 or 200 cu yds of cone, hand mixing is usually more economic** 
than machine mixing. 
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*». The first cost of a hand mixing plant, to be operated by 8 
or 10 men, estimated as follows: 

8 square-pointed shovels, size No. 3. |10 

3 iron wheelbarrows. 35 

2 rammers. 5 

1 mixing.platform, 15 X 15 ft. 10 

Total.$60 

50. Performance. When material is promptly delivered, batch 
mixers turn out, on an av, one batch in from 2 to 3 mins. A batch in one 
nnu is extremely fast working. Sometimes 4 or 5 mins are reqd. For 
capacities and power reqd, see under ‘’Mixers,” ^ 27. 

51. The cost of a mixing plant for cone work is variously estimated at 
from 3 to 5 % or more of the cost of the work. 

32. The life of a mixer, undey av conditions, is from 30,000 to 
40,000 batches. Thus, a mixer, turning out 120 batches per day, will 
require renewal in about a year. A new drum will generally be needed 
after turning out two-thirds the total quantity. 

S3. Mixer to forms. Time to fill a barrow from a mixer, about 10 
secs; to discharge the entire mixer at one operation, 15 to 20 secs. 

34. Av barrow load of raixt cone, l H to 1 % cu ft = 0.06 cu yd. One- 
horse carts hold about % cu yd; two-norse, 1 to 2 cu yds. To compute 
costs of hauling, etc., see Art 4 uuder “Cost of Earthwork,” p 1025. 

S3. About 10 or 15 cu yds of cone per man per 10 hour day can be loaded 
by shoveling. * 

Cost of Forms. 

36. Cost, including material and labor, varies chiefly with the character 
of the structure; simple forms for mass work being relatively cheap, while 
those for detailing walls and floors of bldgs, especially in remfd cone, are 
about the most expensive. 

37. material for forms betw 10 and 80 cts / cu yd of cone in place. 

3H. Fabrication and erection will cost from $4 to $10 per 1000 it B.M. 

foi the simpler forms of construction, in buildings, from $10 to $20. 

30. The cost of forms may be as low as 10 and as high as 50 per cent of 
the total cost of the cone in place; 25 to 35 % for forms for ordinary reiufd 
wotk, 50 % or over for detailed building worit. 

10. The cost, per sq ft of snrfnce (as one side of a wall) can be 
best computed for the work in hand, given the cost of the lumber and labor 
ivailable; but will usually be betw 4 cts and 20 cts. 

41. The cost of forms, per cu yd of concrete, in building constr, 
is stated betw $3 and $10, from $4 to $6 being sufficient for floor construc¬ 
tion, and $5 to $7 being more usual limits for forms for reinfd work. 

12. Kill fl ing and depreciaf ion. The figures given for coat of 
forms assume that the material is not used again. For special work, in¬ 
volving difficult and unusual details, the forms are practically worthless 
aftt'i they have been used. Ordinarily the lumber can be used 2 or 3 times 
before it. is discarded. On large buildings, the forms for which are carefully 
designed, and where the detailing is similar thruout, forms may be used a 
hail dozen times. 

13. The labor of shifting forms will be not much less than the labor of 
first erecting them. 

41. Cost of labor, for placing forms, betw 3 or 4 % and 20 % of the 
cost of cone in place. 

Cost of Placing. 

43. Cost of fabricating (bending, framing, &c) and placing 
rciiifmt, from about Vx to I'A cts / lb of remfmt. Unit systems, 33 to 
50 % more. 

46. Depositing. The actual labor required, for depositing only, seldom 
amounts to more than an extra man to help dump carts, move Bhutes, etc; 
not more than a few cts per cu yd of cone placed. Records indicate from 
7 cts up, but these probably include transportation from mixer to form*. 
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47. Spreading and ramming. Cost varies greatly with the 
character of the work; being as low as 15 eta / cu yd in fairly rough mass 
work (5 eta if the mixture is very wet); and as high as $1 or more 
where much care is taken in placing, tamping, ramming and spading. Less 
if cone is duinpt fiom carts or buckets in large quantities. 

48. For ramming alone, from 5 to 15 or 20 cts / cu yd; seldom over 40 eta. 

Miscellaneous Costs. 

49. Inspection and superintendence. as usually done, about 1 
to 3 % of the cost of the work. In view of the gross inefficiencies that are 
likely to result if the work is not well arranged or the men not kept up to 
standard, it may pay to expend as much as 5 or 10 %,or more. 

50. Finishing. Data very variable, due probably to diff in method. 

51. Washing with brush, V A ct to 7 cts / sq ft. of surf; with dilute hy¬ 
drochloric acid, to remove efflorescence, about 20 cts / sq ft. 

52. Bush hammering; 3 to 20 cts / sq ft. Pneumatic, less than 1 ct. 
Pointing up and brush coating, 25 cts / sq ft or more. 

Total Costs. 

53. Plain. For total costs, see “Mass," etc, 56. 

54. Pry cone, about $1 more per cu yd than wet, due to additional 
labor of ramming. 

55. Gravel cone $1 to $2 / cu yd cheaper than stone cone, given the 
same ratio of (sand + stone) to ceip, the greater dilT obtaining in mixtures 
low in cem. 

56. Mans. Breakwaters, fortifications, etc, cost betw $5 and $7 / cu 
yd of cone in place, the av being very close to $0. Extremes us low as 
and as high as $8. 

57. Reinforced. Where work is well organized, reinfd buildings may 
be built for as low as $10 / cu yd of cone in place; but the general av is 
nearer $18, while some builders estimate roughly on $1 / cu foot ($27 / cu 
yd) altho few records run so high. 

58. The cost depends chiefly upon the forms (see “Forms,” H 36). If 
these are well designed, so that they are easily shifted and cun be used re¬ 
peatedly, the cost is low; as compared with special jobs, where refinements 
tn designing would not pay. 

59. Retaining wall*, foundation walls, abutments, locks, piers, etc, 
vary greatly, apparently owing to the widely varying difficulties of construc¬ 
tion likely to be encountered. The extremes run from $4 to $16 / cu yd 
of cone in place. Quite often, however, the price will be betw $6 and $9. 
Reinfd walls from $3 to $10 more. 

GO. Arches of moderate span, say up to 30 ft, for culvert work, etc, 
from $5 to $10 / cu yd. 

61. Buildings. Cost may be expected to fall betw $6 and $12 / cu yd 
of cone in place, with the av about $8 for plain, and $10 to $15 or $20 for 
reinfd construction. 

62. For any given type of constr, all portions of a building (except 
foundations), such as the floors, walls, and columns, cost practically the 
same per cu yd. 

63. Mr. L. C. Wason (E R, ’09, Feb 27, p 233) gives, as cost of 
buildings: 

$ per cu ft of space enclosed t per sq ft of floor 


max 

av 

min 

max 

av 

min 


Offioes and stores.. 

. .0.197 

0.131 

0.084 

2.42 

1.77 

1.12 

Factories. 

. .0.129 

0.102 

0.060 

1.70 

1.34 

0.90 

Garages. 

. .0.118 

0.102 

0.085 



1.23 

Filters. 

. .0.333 

0.233 

0.134 

3.82 

2.43 

1.04 


. .0.083 

0.076 

0.069 

0.84 

0.71 

0.58 

Mills, etc, 2d class. 

..0.122 

0.069 

0.045 

1.51 

0.90 

0.54 







PLASTERING. 


1379 


PLASTERING. 


Thk plastering of the iuwide walls ot buililiugs, whether done oo laths, bricks, or 
stone, generally consists of three separate coats ot mortar. The hist ot these is called 
by workmen thorough or scratch coat; and consists of about 1 measure oi quicklime, 
to 4 ot sand ; (which latter need not be of the purest kind;) and % measure of bul¬ 
lock oi horse hair; the last of which is for making the mortar more cohesive, and 
less liable to split oft m spots. This coat is about % to % inch thick; is put on 
roughly; and should be pressed by the trowel with sufficient force to entei perfectly 
between and liehind the laths; which for facilitating thiB should not be nailed 
nearer together than V» an inch. In rude buildings, or in cellars, &c, this is often 
tin* only coat used. When this first coat has been left for one or more days, accord¬ 
ing to tin* dryness of the air, to dry slightly, it is roughly scored, or scratched, (hence 
its name,) with a pointed Btick, or a lath, nearly through its thickness, by lines run¬ 
ning diagonally across each other, and about 2 to 4 ins apart This gives a better 
hold to the second coat, which might otherwise peel oft If the first coat has be¬ 
come too dry, it is well also to dampen it slightly as the second one is put on. 

The second coat is put on about % to % inch thuk. of tin* same hair mortar, oi 
cotnse ktuff. Before it becomes hard, it is roughed oter by a hickory broom, oi 
some substitute, to make the third coat ad here to it better. 

The third coat, about % inch thick, contains no ban . and tor giving it a still 
whiter and neater appearance, more lime is used, say 1 ot lime, to 2 ol sand; and 
the purest sand is used. This mortar is by plasterers called Ntncco; a name 
also applied to mortar when used for plastering the outsides ui buildings. Or in- 
stead of stucco, the third coat may be, and usually is, of hard finish, or gouge stuff; 
winch consists of 1 measure of ground plaster of Palis, to about 2 of quicklime, 
without sand. Hard finish works easiei; hut is not as good as stucco, tor walls in¬ 
tended to lie painted iu oil. The plaster of Paris is toi hastening the hardening. 

Kither of these third coats is smoothed or polished to n greater or less extern, according to whether 
it is to allow, or to be papered, pakuP-d, Ac. The polishing tools are morel). the trowel; the haDd- 
float, (a kind of wooden trowel,) and the water-brush, (a short-bandied brush for wetting the surface 
part at a time with water, iu order to polish more freely ) For liner polishing, a float made ot cork 
is used. The smooth piece of board about 10 to 12 ins square, with a handle beneath, on which the 
plasterer bolds hit mortar until he puts it on to the wall with bis trowel, is called a hawk. 

The more thoroughly each coat Is gone over with the water-brush and trowel, (which prooess it 
called hand floating,) the firmer and stronger will it be Frequently only two coate of plastering are 
put on in inferior rooms; or where great neatness of appearance is not needed The first is of hall 
murfar, or ooarae Bluff; this is scratched wtth the broom, and then covered by the finishing coat of 
liner mortar, tslucco.) If this last Is nearly all lime, or with but very little sand, to make it work 
easier, it is oalled a tltpped coat. Without any sand it is oalled fine Huff. Neither is m good as 
stucco, if the wall Is to be papered. When this I* the case, the third coat also may have a litUe hair, 
to give It more strength ; but this Is not absolutely nf oessary. , , . . , 

A very good effect may be produoed In station houses, churches, Ac. by only two coats of plaster in 
which lino clean screened gravel is used instead of Band. When lined into regular courses, itresem- 

bles a buff-colored sandstone, very agreeable to the eye. , ..iuivm. 

In purchasing postering hair, care must be taken that It haR not been taken ■*'*?? j” 1 

inasmuch as the salt will make the walls damp. For the same oausc sea-shore sand should not be 

used It Is almost Impossible to wash it entirely free rrom salt. . u . .. . 

In brick walls intended to be plastered, the mortar joints should be left very rough, to «t the plas¬ 
ter adhere. If It Is put on smooth walls, without first raking out the mortar to the depth of near y 
an inch, it is very apt to fall off; especially from outside walls; a*. ,«?»!I. £ fL?L 

< 'ties As this raking out of brick joints Is tedious and expensive, itWOUJd‘ f®"*^ “JJ! £ 

use paint rather than plaster. The walls should alao be washed oUan from all dust, and should be 

second or smooth coat of fasterMs to it reorfvej. . 
coat or lime w ash. slightly tinted by a little umber, or ochre, Ac. After Mb is dry, In oase it appears 
too dark, or too light, another may be applied with more or less ® f toe“1onn*^ 
a wash or lime and mineral-black Is tprwkled on from a flat w£ k ont ^ 

gianitc. By this simple means, a skilful workman can produce MWUent Mutton. JJes hortnote 
and vertical Joints of the imitation masonry, may be ruled in by a small brush, using the same blac« 

the plasterer to rectify this perfectly by eve, as may be seen in ev f 7JCs of the nUatered 

are called flrst-olui ones, a quiok eye can generally detect unsightly undulations of the piaaterefl 

means of long straight-edges extending over two w more of the latter. 

A work at plfWlcrlnjr. 

A v„ „„„ laborer* to mix hla mortar, and to keep hi* hawk roppllad, can 

. 44 ^'*«!“&«'«£»"■ —' •'“«*«"“”* 

92 
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CONCRETE. 


47. Spreading and ramming. Cost varies greatly with the 
character of the work; being as low as 15 eta / cu yd in fairly rough mass 
work (5 eta if the mixture is very wet); and as high as $1 or more 
where much care is taken in placing, tamping, ramming and spading. Less 
if cone is duinpt fiom carts or buckets in large quantities. 

48. For ramming alone, from 5 to 15 or 20 cts / cu yd; seldom over 40 eta. 

Miscellaneous Costs. 

49. Inspection and superintendence. as usually done, about 1 
to 3 % of the cost of the work. In view of the gross inefficiencies that are 
likely to result if the work is not well arranged or the men not kept up to 
standard, it may pay to expend as much as 5 or 10 %,or more. 

50. Finishing. Data very variable, due probably to diff in method. 

51. Washing with brush, V A ct to 7 cts / sq ft. of surf; with dilute hy¬ 
drochloric acid, to remove efflorescence, about 20 cts / sq ft. 

52. Bush hammering; 3 to 20 cts / sq ft. Pneumatic, less than 1 ct. 
Pointing up and brush coating, 25 cts / sq ft or more. 

Total Costs. 

53. Plain. For total costs, see “Mass," etc, 56. 

54. Pry cone, about $1 more per cu yd than wet, due to additional 
labor of ramming. 

55. Gravel cone $1 to $2 / cu yd cheaper than stone cone, given the 
same ratio of (sand + stone) to ceip, the greater dilT obtaining in mixtures 
low in cem. 

56. Mans. Breakwaters, fortifications, etc, cost betw $5 and $7 / cu 
yd of cone in place, the av being very close to $0. Extremes us low as 
and as high as $8. 

57. Reinforced. Where work is well organized, reinfd buildings may 
be built for as low as $10 / cu yd of cone in place; but the general av is 
nearer $18, while some builders estimate roughly on $1 / cu foot ($27 / cu 
yd) altho few records run so high. 

58. The cost depends chiefly upon the forms (see “Forms,” H 36). If 
these are well designed, so that they are easily shifted and cun be used re¬ 
peatedly, the cost is low; as compared with special jobs, where refinements 
tn designing would not pay. 

59. Retaining wall*, foundation walls, abutments, locks, piers, etc, 
vary greatly, apparently owing to the widely varying difficulties of construc¬ 
tion likely to be encountered. The extremes run from $4 to $16 / cu yd 
of cone in place. Quite often, however, the price will be betw $6 and $9. 
Reinfd walls from $3 to $10 more. 

GO. Arches of moderate span, say up to 30 ft, for culvert work, etc, 
from $5 to $10 / cu yd. 

61. Buildings. Cost may be expected to fall betw $6 and $12 / cu yd 
of cone in place, with the av about $8 for plain, and $10 to $15 or $20 for 
reinfd construction. 

62. For any given type of constr, all portions of a building (except 
foundations), such as the floors, walls, and columns, cost practically the 
same per cu yd. 

63. Mr. L. C. Wason (E R, ’09, Feb 27, p 233) gives, as cost of 
buildings: 

$ per cu ft of space enclosed t per sq ft of floor 


max 

av 

min 

max 

av 

min 


Offioes and stores.. 

. .0.197 

0.131 

0.084 

2.42 

1.77 

1.12 

Factories. 

. .0.129 

0.102 

0.060 

1.70 

1.34 

0.90 

Garages. 

. .0.118 

0.102 

0.085 



1.23 

Filters. 

. .0.333 

0.233 

0.134 

3.82 

2.43 

1.04 


. .0.083 

0.076 

0.069 

0.84 

0.71 

0.58 

Mills, etc, 2d class. 

..0.122 

0.069 

0.045 

1.51 

0.90 

0.54 







SLATING. 




laid horizontally from rafter to rafter; or Blopiug, from purlin to purlin as the 
case may be; or to stout laths 111 about 2 to 3 ins wide, and from 1 to 
thick, nailed to the rufters at distances apart to suit the gauges of the Blates. 
Two nails are used to each slate; one near each upper corner. They may be either 
of copper, (which is the most durable, but most expensive,) of ziuc, or of either 
galvanized or turned iron. The last two are generally used; or in inferior work, 
merely plain iron ones, previously boiled iu linseed oil, as a partial preserva¬ 
tive from rust. Rust, however, sometimes weakens them so much that they 
break; and the slates are blown off iu high winds, to the danger of passers by. 
Since good slate endures for a long series of years, it is true economy to use 
inuN that, are equally durable. In iron roofs, the slates, instead of being nailed 
t« boards, are sometimes tied direct!} to the iron purlins, by wire A square of 
slating, shingling, Ac, is 100 sq it. 

In laboratories, chemical factories, Ac, subject to acid fumes, it is difficult to 

provide a racial tusteuing that will uot be eaten away In such casco it is best to depend chiefly upon 
a Ujcr of mortar between the slates. This will harden before the metal fiuteuings give wuv ; and 
will bold the slates in place, while new fasteuings are being Inserted. 

The Icnvst pitch considered advisable fora roof, to prevent rain or snow from belug driven 
through the interstices bet ween the slates, Is about 2<>J$°;or 1 lento 2 hor; which cone-ponds to 
arise of *4 the span in a common double pitched roof But even at at ceper pitches, ratn, and more 
particularly suow, will be forced thriugh the r«of by violent winds; esptclallv If laths ulone lie used, 
or even boarding alone. To av-td tins, a layer of mortar about )4 iucli thick, may be spread over 
the touching surfaces of the Blutei if on laths. If on boards, the same process may be adopted; or 
the more common one of first covering tbe boards with a layer of what Is called slating felt , but 
which in reality ts merely thick brown paper, aoak< d tn tsr. Tins is sold in long continuous rolls, 
28lns wide, and weighing from 4 Uto 50 lbs. A 60!broll will cover about 300 sqft of toof. With 
proper precautions agulust the admission of rain and snow, a pitch as fiat as 1 in 2}f, or even 1 in 
3 mar be adopted. 

The thickness of slate on a roof is double; except at the laps is, is, Ac, where it is triple. The 
lap is measured from tbe nail hole (under i) of the lower slate, to the lower edge or tail, s, of the 
upper one, and is usually about 3 ins In order that the showing lower edges of the Hates shall, 
w lmn laid, form reculur straight lines along the mot, the nail holes are niadcat equal dtMHuccs from 
said lower edg s, so that any irregularity of length is concealed front view at tbe hidden heads of 
the slates. The slater estimates the length of h's slate from the nail hole to the tail; disco >ding the 
narrow strip between the u.ill hole and the head If from this reduced length the lap be deducted, 
then one-half of the reuiuiuder will be the gauge, weathering, nr maiytu, of the slailug, or, in 
other words, the showing or exposed width of the courses of slates. The gauge in ins multiplied 
by tli" width of a slate in ius, gives the area in sq ins of fiui-'hed roof covered by a single state; 
and if 144 (the sq ins iu a sq foot) be divided hv this area, the quotient will be the number of slates 
required per sq tt of roof. The upper side of a slate is called its hack , the lower one, its bed. 

Slating, like shingling, must evidently be commenced at tbe eaves, and exteuded upward Since 
the bods of the slut—, are not exactly parallel to the boarding, and consequently do not rest fist upon 
it, those at the lower edge w would easily be broken. To prevent this, a tilting strip (a 
stout wide lath, with its upper si ie planed a little bevelling, to suit tbe slope of the slates) is first 
nailed around near the eaves, for the tails of the lowest course ol slates to rest on. This ia shown on 
a larger scale at T. 

Slate of the best quality has a glistening semi-metalllc appearance, somewhat like that of a sur¬ 
face of paper rubbed with black-lead pencil. That of adult earthy aspect, is softer, more absor¬ 
bent. and consequently more liable to yield to atmospheric influences, rain, frost, &c. Iron pyrites 
frequently occurs in slate, and since it always decomposes and leaves holes, should never be admitted 
oil a roof. Of two qualities of slate, that which absorbs the least weight of water, when pieces ol 
equal slxe are soaked for an hour or two, Is generally the best; betng least liable to ^illt by frost, 
and become weather-worn. This test is easily applied. 

Iu Kngland the dlfiTcreni llies are distinguished by sbsurd names of no meaning. In tbs 
United States they are called 6 byl2’s; 18by24's, Ac, according to their measures in luubes. They 
may he cut to order, of almost any prescribed dimensions, or shape. Those tu common use vary from 
about7bj 14, to 12 by 18. The first forms about 5 to 6 inch courses; and the last about 7 to 81nob; 
depending upon how far from the head tbe nail boles are pierced. The farther this is, the flrmei 
will the slating be. 

Slate roofs, like iron ones, heat the rooms Immediately below them very much. This is somewhal 
diminished when the elates aroou boards, instead of laths; and still more by a com of plaster be- 
u>ath They are also liable to break when walked on; le*s so when bedded in mortur. 

Weight of slate roofs. Slate weighs about 175 lbs. pcrcubfoot; therefore, 
* *1 ft. M inch thick, weigh* about l.ftlbe, ft, 2 7 lbs; and thick, llfltbs. But owing to the 
overlapping, a square foot of roof requires about 2*4 »q ft or slate or ordinary sixes; and If ths 
"late is laid on boards an Inch thick, the weight per sq ft of roof will be increased about 2)4 Tba; 
or with 1)4 inch boards, 2.8 lbs. Laths will weigh about }4 lb per sq ft of roof. 

Hence, 


Ifilatii 


Blate tt Inch thick on laths. 

•• *• .on 1 Inch boards... 

" •• ou 1}4 “ “ — 

•• 316 •« on lath*. 

" •• " oo 1 Inch boards .. 

•• •• •• .0 114 “ " • 

•' J4 •* on lath*. 

" “ •• on I Inch boards... 

on I* • 


Approx Weight 
of one sq ft of 
Slattug, In lbs. 

. 4 75 

.6.76 

. 7.30 

. 7.00 

. 9 00 

. 9 55 

. 9.25 

.11.25 

. 11.80 


ng felt Is used, add RTb; or if the slates are bedded in }4 inch of mortar, add 8 Ibf 
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SHINGLES. 


For the tot t. weight borne by the roof trusses, tbatof the purlin* also must be ndded. Thliwlll 
not vary much from the limit* of I {-s to ,i tts per sq ft iti roofs of moderate span. Add for wind and 
•now, say 20 lb* per eq ft; and finally add the weight of the truss itseir. 

For stopping the joints between slates (or shingles, &c) and chimneys, 
dormer wiudown, Ac, a mixture of stiff white lead paint, as sold by the keg, with Hand enough to pro¬ 
ved it from running, is very good; especially if protected by a covering of Btrips of lead, or oopper 
ttn, Ac. nulled to the mortar-joints of the chimneys, after being bent so as to enter said joints; whioh 
sh-uld be scraped out for an Inch in depth, and afterward refilled. Mortar protected in the gams 
wav, or even nuorotected, |g often used for the purpose; but is not equal to the paint and sand. Mor¬ 
tar a few day .Id, (to allow refraotory partioles or lime to alack,) mixed with blacksmith's cindera 
and molasses, is much used for this purpose, and becomes very hard, and effective. 


SHINGLES, 


Wbit* cedar shingles are the best in use; and when of good quality will last 40 or 
50 years in our Northern States. They ate usually 27 ins long; by from 6 to 7 ins 
wide; about ^ inch thick at upper end; and about % at lower end or butt; and are 
laid in courses about 8*^ ius wide; so that not quite J^of a shingle is exposed to the 
weather. 

They are ORually laid in three thicknesses; except for an Inch or two at the upper ends, where there 
are four. They are ualled to Bawed shlngling-latha of oak or yellow pine; about 18 ft long; 2J^ ins 
wide, and 1 inch thick; placed in horixouuil rows altoutS 1 ^ ins apart. These are nailed to the raft 
ers. or purlins; which, for laths of the foregoing size, should uot be more than 2 ft apart from center 
to oenter. Two nails are used to each shingle, near its upper end. They should not be of less site 
than 400 to a lb. Wrought nails being the strongest, are the best; cut ones are apt to break 

by the warping of the shingles. Two pounds of such nails will suffice Tor 100 sq ft of roof, including 
waste. An average shingle 7^ ins wide, in inch courses, exposes fl( 3 ( sq ins; making 2 % shingles 
to a sq ft of roof, but to allow Tor waste, and uarrow shingles, it is better in practice to allow about 3 
shingles to a sq ft. 

Shingling like slating, must plainly be begun at the eaves; and extended upward. For closing the 
joints between the shingles, and chihinev*. dormer windows, Ac, see at end of Slating. 

Cypress and white pine are al»<> much us^d for shingles, being much cheaper, but scarcely half af 
durable. All shingles wear quite thiu in time by rain aud exposure In warm damp climates thfl 
all decay within 6 to 12 years 


PAINTING. 

Th* principal material used in house-painting, i«t either white lead, or oxide of 
zinc, ground in raw (unboiled) linseed oil, by a null, to the consistency of a thick 
paste. In this condition, it is sold by file luamilacturers in kegs of 25,50, and 100 
lbs. To prepare it for actual use, merely requires the addition of more linseed oil, 
*ay 3 or 4 pints to 10 lbs of the keg paint, for thinning it sufficiently to flow readily 
under the brush. 

Good painting requires 4 or 5 ooats; but usually only 4 are used lu principal rooms; and 3 in Inferior 
ones. Rach ooat must be allowed to dry perfectly before the next one Is put on. One D) of the keg 
paint will, after being thinned, cover about 2 sq yds of first coat; 3 yds of second. and 4 yds nf each 
subsequent coat; or 1 sq yd of 3 ooats will require in all, I 08 lbs; of 4 ooat*, 1 H tbs; of 5 ooats, 1 
lbs. The reason why the first coats require so muoh more than the subsequent ones, Is that the bare 
surface of the wood absorbs it more. 

When, as Is usual, raw or unboiled oil Is used for thinning, dryert must he added to It; otherwise 
the paint might require several weeks to harden; whereas, with dryers, rrom 1 to 3 days, acoordtng 
to the weather, suffloe for eaoh onat to become hard enough to receive the next one. The dryers most 
eommonly used, are powdered litharge, in the proportion of one heaped teasponnfui; or Japan var¬ 
nish, 1 table-spoonful, to 10 lbs of the keg paint. Either sugar of lead, or sulphate of lino, may al«o 
be used instead of litharge: and In the same proportion. Although both litharge and Japan varnish 
are dark-colored, yet the quantity is so small as not to appreciably affect the whiteness of the paint. 
If the varnish is used in excess, as Is often dnne in the hurry to have work finished, It produces 
cracks all over the surface. No dryer it oecessarv if painters' boiled oil be used for tbluning. Mere 
boiling will not cause oil to hardeu more rapidly; hut that intended for painters, has litharge added 
to it previously to boiling, in the proportion ot I 14 tbs to each 10 gallons of raw oil In some works 
written for the use of house painters, it is asserted that boiling renders the oil too thiek for any bo{ 
coarse outdoor work. But this is entirely a mistake; for if the boiling be properly doue, the oil 
will be quite thin enough for the best Inside work; and will moreover be olearer than while raw; and 
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Ull Impart to the painted surface a more shining appearanoe. The heat should be barely sufficient 
lo produce boiling , or about 600° Kah. The boiling should continue about 1)$ hours; the oil being 
tioroughly stirred at short intervals, to prevent ibe litharge from seltliug at the bottom. The Are 
may then be allowed to subside; when the operation will be completed. A sediment will thon form 
It the bottom; which must be left behind when the oil is poured oil Although no dryer In necessary 
with this oil, still a little litharge may be added when great expedition demands it. Painters rarely 
use this oil. on aooount or Us trifling increase of cost. 

Another substance much used with the thinning oil, (except for the firm coat,; is spirits of turpen¬ 
tine , (tailed •' turp " by the workmen. The quantity of oil may be diminished, to the extent of the 
added turp. Tills being more fluid than oil, causes the paint to work more pleasantly under the brush. 
It moi cover diminishes the tendency of the paint to become yellow, especially in rooms kept closed 
for some tune. It in also much cheaper than oil. It should not be used, or but sparingly. fin exposed 
outdoor work: luasoiuch as its tendency is to impair the hrmuess of the paint, and although its 
eflectis arc scarcely appreciable indoors, they are quite appaieut when the work has to resist the 
wciitlii-r As the fashions change iu house-painting, the surface Is at times required to present a 
Ikntiui/ or g/veiy huish, at other times a dead one is iu vogue. The glossy out. is that which the 
paint will uaturally hate, provided that no more turp than oil be UNed in the thinning. The dead 
fluisli is obtaiucd by using no oil, but tuip alone, for the lust coat, which in that case is called a 
flatting coat Although turp is not properly a dryer, still, as it evaporates quickly, it facilitates ihe 
hardening of the paint. 

In outdoor work it is usually advisable to use more dryer than inside, so that the paint may sooner 
become hard enough not to be injured by dust or rain. Otherwise less would be lielter. 

When, instead of a white finish, one of some other color is requited the coloring ingredient is 
mixed with the white paint to be used in the last coat only ; although two coloring coat* are some¬ 
times found to be necessary before a satisfactory effect is produced The eoloiiug mgiedieiiti- may be 
indigo, lampblack, terra sleuua, umber, ochre, chrome yellow, veuetiau red, red lead. Ac, Ac, which 
are grouud in oil. ready for sale, by tbc manufacturers of the white-lead and zinc paints They are 
simply well aurred Into the while paint. 

All surfaces to be painted, should flrst be thoroughly dry, and free from dust. If on wood, ail 
plane marks, and other slight irregularities, should flrst be smoothed off by ssud-jiuper when the 
neatest tluish is required. Also, all beads of uails must be punched to about inch below the sur¬ 
face. To pievent knots from showing through the finished work, (as those iu white or yellow pine 
would do, on aocount of the oontamed turpentine,) they must (list be killed as it is termed A usual 
and effective way of doing tbis, is by covering them with two coats of shellac varnish, which, when 
dry, should be smoothed by sand paper. Another mode, not quite so certain, is by one or two ooata 
of while lead mixed with thin glue water, or size, as it is oalled. 

Alter these preparations, the flrst, or prtmmg coat, is put on ; in wbioh there should tie to turp; 
because it would siuk at once into the bare wood, leaving the white lead behind it, in a n-arly dry 
fimble condition. After this the nail boles, cracks, Ac, must be tilled with common glaziers' putty, 
made of whiting (fine olean washed chalk) and raw linseed oil, boiled oil will uoi answer; the putty 
would bo friable. The putty would be apt to fall out, if put iu belore priming, b.cause the wood 
would absorb the oil, and the putty would then shrink. After the first coat is perfectly dry, the 
second one is put on; and for it about 1 measurdof turp may be mixed with 3 measures of the thin¬ 
ning oil. In the third, and any subsequent coats, equal measures of turp and oil, may be used for 
thinning, if the woik is requited to dry with a gtou, but if it is to finish dead, the last coat muBl 
ic a flaitbig one; or one in which the thinning oil is entirely omitted, and turp alone substituted 
for it. 

Pninters generally clean their brushes by merely pressing ont most of the paint with a knife; and 
then keep them in water until further use If to lie put away for some time, they may be thoroughly 
cleaned by turp; or by soap and water. To prevent a hard skin from forming on the top of their 
paint when not used for some days, they pour on a little oil. 

The hewt paint' for pre'Ci-ving Iron exposed to the weather, 

appear to be pulverized oxides of Iron such as yellow and red iron ochres; or brown hematite iron 
ores finely ground, and simply mixed with Huseed oil and a dryer. White lead applied directly to 
the iron, requires incessant renewal; and indeed probably exerts a corrosive effect. It may, how¬ 
ever, be applied over the more durable colors, when appearauce requires it Ked lead is said to be 
verr durable, when pure. An instance is recorded of pump-rods, in a well ZOO ft deep near London, 
winch, having first been thus painted, were in use for 4o years; and at the expiration of that time 
their weight was found to be precisely the same as when new; thus showing that rust had not 
affected them. . . 

When the size of the exposed iron admits of it, it« freedom from rust may bo very much promoted 
by first heating It thoroughly, and theu dipping it into, or washing it well with, hot linseed oil, 
which will then penetrate into the interior of the iron. For tinned iron exposed to the weather, on 
roofs, ralu pipes. Ac. Spanish brown is a very durable color The tin i» frequently round pet fcotly 
h'ight and protected, wheo this color has boen used, after an exposure of 40or 60 jears. Whit* 
paint washes off In a few year* by ram, . . , . . . . , 

Plastered wails should if possible he allowed to dry for at least a year, before being painted in ok 
otherwise the paint will be liable to blister. They may, if preferred, be frescoed (water oolon 

mixed with sire) to the desired tint during the interval. _ . _ 

The painting of unseasoned wood hastens itH decay. If the surface to be painted is greasy, the 
grease must first he removed by water in which Ib dissolved some lime. 

WAfthea for oritftido work. Downing, in hifl work on country houaes, 

W»J.EKX: " 'ILiLrt: In « *■ <—«■ j-K* " Ki"Ti^, 

pcunrig over it boiling water sufficient to cover it 4 or 5 ins deep, Bt,rri ”^ ^ h ; 

«f sulphate of zinc (white vitriol) dissolved iu water \dd water enough to bring alUo the con- 
"stence of thick whitewash. Apply with a whitewash brush. This wash is white, but it may « 
Colored by adding powdered ochre Indian rod, umbor, Ac. If lampblaok is add’d to water-colors, h 
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should first be thoroughly dissolved la aloohol. The sulphate of sine causes the wash to beoome hard 
in a few weeks. 

For brick, masonry, or rouffh>cast. Slack bushel of lime as 

before; then All the barrel % full of water, and add a bushel of hydraulic oement. Add 8 lbs of sul* 
phateof zinc, previously dissolved iu water. The whole should be of the thickness of paint; and 
•nay be put ou with a whitewash brush. The wash is improved by stirring in a peck of white sand, 
Just before using it. It may be oolored. if deiired like the preceding. ' 

He also gives the following cheap oil-paint for outside work on wood, brick, stone, &c ; and says It 
becomes far harder and more durable than common paint. One measure of ground fresh quicklime; 
add the same quantity of Bne white sand, cr fine ooal ashes; aud twice as much fresh wood ashes; 
all the foregoing to be passed through a fine sieve. Mix well together dry. 14ix with as much raw 
linseed oil as will make the mixture as thin as paint. Apply with a painter's brush. It may be col¬ 
ored like the foregoing, taking care to mix the colors well with oil before adding them. It is best to 
put on two ooats; the first thin, and the second thick. 

Also, another, said to stand 15 to 20 years : 50 lbs best while lead; 10 (fnarts raw linseed oil : ^ lb 
dryer- 50 lbs finely sifted sharp clean sand; 2 lbs raw umber. Add very little, say X pint of tur¬ 
pentine. Apply with a large brush. 

Cement for stop pin* joints, such as around chimneys, Ac, &c. White 

lead ground in oil, as sold by the keg; mixed with enough pure sand to make a stiff paste that will 
not run. It grows hard by exposure, aud resists heat, cold, aud water. Pieces of stone may be 
strongly cemented together by it, allowing a few months for proper hardening. 

Whitewash for Inside work, according to Mr. Downing, “is made more 
fixed and permanent, by adding 2 quarts of thin sisrs to a pailful or the wash, Just before using. 
The best size for this purpose is made of shreds of glove leather; but any clean size or good quality 
will anzwer," as thin glue-water. We will add, that the common practice of mixing salt with white¬ 
wash. should not be permitted. Paper pasted on a wall which has previously been covered with salt 
whitewash, is very apt to beoome wet, and loose, and to fall off during damp weather. The white¬ 
wash should be scraped off, and the wall or partition covered with a coat or two of thin site, to pro¬ 
tect the paper from the effect of the salt that may still adhere to the plaster. 
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Window glass is sold by the box. Whiitever may be the size of the panes, a box 
ynitains as nearly 60 sq ft of glass as the dimensions of the panes will admit of. 

Panes of any size may be made to order by the manufacturers. The sizes given in the following 
“hie, as well as many others, are generally to be had ready made Ordinary window glass of all tbs 
aises in the table, la about one-sixteenth of an Inch tbiok . and this is the thickness supposed to ba 
iu tended when a greater one is not apeoifled. Double-thick glass is nearly % inch; and iu price is 
60 per ot more than the tingle thick. It is of oourse much stronger than the single. 

The panes are oocfined to the sash by glaalers' putty, made of whiting (powdered chalk) and raw 
linseed oil; and by small triangular plows of thin tin, abont % Inoh on a side, which uphold tbs 
glass while the potty is being pot on; and are allowed to remain afterward, as a protection while the 
patty oontinuee soft. 


TABLE OF NUMBERS OF PANES IN A BOX. 


Blse in 
Ins. 

Panes 

to 

a box. 

Size in 
ins. 

Panes 

to 

a box. 

Siz» in 
las. 

Panes 

to 

a box. 

Size In 
ins. 

Panes 

to 

a box. 

Size in 
ins. 

Panes 

to 

a box. 

«X 8 

150 

12X30 

17 

16X42 

11 

24X24 

12 

30X66 

4 

7X 9 

115 

Id X M 

40 

48 

y 

26 

12 


8 

8X10 

00 

16 

35 

64 

8 

30 

10 


7 


75 

18 

31 

00 

8 


9 



• X la 

61 

20 

28 

18X20 

20 

42 

7 

42 


14 

51 

24 

23 

22 

18 

48 

6 


6 

le 

60 

82 

17 

24 

17 

54 

6 

00 

4 

16 

45 

14X16 

32 

80 

14 


6 


8 

10X12 

00 

18 

29 

36 

11 

66 

5 

34X36 

6 

14 

62 

20 

26 

42 

10 

26X28 

10 

44 

6 


45 

24 

22 

60 

8 

32 

9 

48 

6 

18 

40 

SO 

17 

60 

7 


8 

64 

4 

10 

98 

86 

14 

20X22 

17 

42 

7 

00 

4 

84 

80 

42 

12 

24 

15 

48 

8 

06 

1 

80 

24 

40 

11 

30 

12 

54 

6 

36X40 

6 

11X1* 

55 

16X18 

30 

38 

10 

60 

5 

44 

5 


47 

18 

27 

42 

» 

28X30 

9 

48 

4 


41 

20 

24 

48 

8 

36 

7 

54 

4 


87 

24 

20 

54 

7 

42 

6 

00 

3 

20 

33 

30 

16 

64 

6 

50 

5 

70 

1 

... * 

27 

30 

IS 

22X24 

14 

60 

4 

38X44 

4 

11X11 

43 

40 

12 

SO 

11 

90X34 

7 

62 

4 

If 

38 

18X18 

26 

36 

9 

86 

7 

40X40 

4 


*4 

20 

23 

42 

8 

42 

6 

64 


20 

90 

24 

19 

48 

7 

48 

6 

72 



36 

90 

15 

60 

8 

64 

4 

44X50 



n 

30 

13 

60 

6 


4 

66 


90 

20 








- 
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The beet qualities of American glass made In the Ticinlty of Philadelphia, 
Boston, Pittsburg, Ac, are for most purely uttful purposes, as good ai those from 
foreign countries; but when the highest degree of beauty is required, as in the 
lower front windows of first-class awelllngs, fancy stores, Ac, polished plate* 


moderate sized panes is from 6 to 8 times as great as that of the best quality 
single-thick American. Its perfectly smooth surface, free from distorted reueo* 
♦ions, also makes it the best for covering pictures; still, if carefully MieetM 
American panes be used for this purpose, few except critics in glass will detecl 
the difference. 

A thick l» maile expresslyTor flooring;. up to t inch , thlok, 
and up tn 50 inchea by 9 feet dimensions. Also, for alyliithts. from <4 lo ^ inch 
thick. This can lie furnished to order of any sun up to 40 inches l>y x or lu feet. 
The smaller sizes can also be had ground. Grinding prevents the entrance of 
the full glare of the sun; and, moreover, diffuses the light over a much greater 
width of space below. 

Ntrenirtb of slaw*. Tensile 2500 to 9000 lbs per square inch. Boston rods 
by author, 3.MK) to 5200. Crushing strength, 6000 to 100(H) fcs per square inch. 
Transversely, (by the writer's trials) flooring glass 1 I i 

between the end -upporls, breaks under a cent r load of about 170 roe. con¬ 
sequently, it is considerably stronger than granite, except as regards crushing, 

‘Y“ Window and otlier glass which contains an excess of potash or oi 
sods is very liable to become dull in time, owing to the decomposition of those 
ingredients by atmospheric influences. 
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ROPE. 


ROPE. 

The strength of rope varies greatly. Pieces from the Barae coil may vary 
26 per cent. The table below supposes an average quality Manila. Good 
Italian hemp is considerably stronger. The tarring of ropes is said to 
lessen their strength ; and, when exposed to weather, their durability also. We 
believe that its use in standing rigging is partly to dimmish contraction and 
expansion by alternate wet and drying weather. A few mouths of exposed 
work weakens ropes 20 to 60 per cent. 

Table of Manilla rope. 


Diam. 

Ins. 

[ (’ire. 
Ins. 

Wt per 
foot. 

ll»8. 

1 

Diam. 

ins. 

(’ire. | 
Ins. j 

W*t per 
foot. ] 
lbs. 

| Breaking load. 

Tons. 

lbs. 

Tima. 

11)8. 

.239 . 

% 

.019 

.25 

560 

1.91 

6 

1 19 

11.4 

25536 

.318 j 

1 

.033 

.35 

784 

2 07 | 

(> l A 

1.39 

13.0 

29120 

.477 

'A 

.074 

.70 

1568 

2.23 

7 

1.62 

14.6 

32704 

.636 

2 

.132 

1.21 

2733 

2 39 

i x A 

1.86 

16 2 

36288 

.795 

•iA 

.206 

1.91 

1278 

2.55 

8 

211 

17.8 

39872 

.955 

3 

.297 

2.73 

6115 

2.86 

9 

2 67 

21.0 

47040 

1.11 

•<A 

.404 

3.81 

8534 

3 18 

10 

3.30 

24 2 

.54208 

1.27 

4 

.528 

5 16 

11558 

350 

11 

3 99 

27.4 

61376 

1.43 

04 

.668 

6 60 

14784 

3.82 

12 

4 75 

30.6 

68544 

1.59 

5 

; .825 

8.20 

18368 

4.14 

13 

5.58 

33.8 

75712 

1.75 

5 X 

.998 

9 80 

21952 

4.45 

14 

6 47 

37 0 

82880 


Working loads. For roanila ropes from 1 to 1% > ns diam, running at 
different speeds over sheaves ot tbediams stated, Mr. 0 W. Hunt (Trans Am 
Soc Mechl Engrs, Vol. XXIII, 1901) gives a table embodying approximately the 
following results of experience. Working load = CX ultimate strength of new 
rope. I) — minimum diam of sheave, in ins. 


Speed 

ft per min 

as for work on 

0 

1" rope 
I) 

\%" rope 
I) 

Slow 

50 to 100 

derrick, crane, quarry 

0140 

8 

14 

Medium 

150 to 300 

wharf, cargo 

0.056 

12 

18 

Rapid 

400 to 800 

0.028 

40 

70 


Such ropes wear out. rapidly A rope 1% ins diam wears out in lifting from 
f.OOO to 10,000 tons of coal. On the other hand, 1% inch transmission ropes, 
running 5000 ft per min and carrying 1000 H. P. over sheaves 5 ft and 17 ft in 
diam, last for years. 

Mr. Hunt’s figures for ultimate strength, based upon tests of full-sized speci¬ 
mens of manila rope made by three independent rope-walks and purchased in 
open market, are practically Identical with those given in our table above, as 
are also those of Prof. B. Kirsch, of the Imperial Royal Technological Industrial 
Museum, Vienna, quoted by Mr. Hunt. 
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WEIGHTS AND STRENGTHS OF WIRE ROPES. 

Wire Rone manufactured by John A. Roebliug’s Bonn Co., Tren¬ 
ton, N. J., and others. See price list The prices and weights 

given are for ropes with hemp centers When made with wire, centers, the prices 
per foot are 10 per cent, nigher, and the weights 10 per cent, greater. A. 
Leschen A. Sons Rope €©., St. Louis, Mo. “Hercules” rope- 
strengths and prices average about 50 per cent, liigher thau for cast steel rope.f 


Diam. 

iu 

Approx. 

citcutu. 

| in ius. 

Wt. 
per ft. 
iu tbs 

Approx, break- 1 
ing strength* in; 
tons of 2000 lbs. 

Minimum diam.j 
of drum in feet. 

Trice in cents 
per foot.f 


Iron. jc. steel. 

Iron. jc. steel. 

Iron. jc. steeL 


Standard Hoisting Rope, with 6 strands of 19 wives each. 


1 

2'4 

T% 

8.00 

78 

156 

13 

8 X 

117 

142 

2 

2 

6 V 4 

6.30 

62 

124 

12 

8 

92 

111 

3 

m 

5 x 

4.85 

48 

96 

10 

7H 

6 M 

80 

93 

4 

\% 

5 

4.15 

42 

84 

8% 

63 

74 

5 

IX 

4% 

3.55 

36 

72 

$ 

m 

57 

66 

5x 

m 

4>i 

3.00 

31 

62 

7 

5X 

48 

56 

6 

ik 

4 

2.45 

25 

50 

6 X 

5 

40 

46 

7 

ix 

3 X 

2.00 

21 

42 

6 


33 

38 

8 

1 

3 

1.58 

17 

134 

5'4 

4 

26 

30 

9 

% 

P4 

1.20 

13 

26 

4‘A 

3X 

20 

23 

10 



0.89 

9.7 

19.4 

4 

3 

16 

18 


V 

2 

\% 

0.62 

050 

6.8 

5.5 

13.6 

11 0 

% 

1 

12 

10 

14 

12 

10$ 


IX 

0.39 

4.4 

8.8 

2 X 

i X 

8 

11 

10 a 

{, 

IX 

0.30 

3.4 

6.8 

2 

i v. 

1A 

10 

10 ft 

% 

4 ? 

0.22 

2.5 

5.0 

’X-» 


7 

9X 


Transmission or Haulage Rope, with 6 strands of 7 wires each. 


11 

iy 

4% 

3.55 

34 

68 ' 

13 j 

8X 

5. 

60 

12 

1/8 

4)4 

3.00 

29 

58 ' 

12 

8 

43 

51 

13 

1 y. 

4 

2.45 

24 

48 

: 

74 

36 

43 

14 

1 Vs 


2.00 

20 

40 

9% 

6 H 

29 

36 

15 

1 

3 

1.58 

16 

32 


s% 

23 

28 

16 

% 

2 % 

1.20 

12 

24 1 

ri \ 

6 

17$* 

22 

17 

% 

H 

0.89 

9.3 

18.6 

6g 


14 

16 

18 

H 

2$ 

0 75 

7.9 

15 8 

6 

4 

12 

13$* 

19 

% 

2 

0.62 

6.6 

13.2 

6 K 

»X 

10 

11 

20 

JL 


0.50 

5.3 

10.6 

4$ 

3 

8 

9 

21 

72 

1 % 

0.39 

4.2 

8.4 

4 

2 % 

6 % 

7)4 

22 


H 

0.30 

3.3 

6.6 

3 & 

2H 

5g 

6% 

23 

% 


0.22 

2.4 

4.8 

2% ; 

2 

% 

5% 

24 

A 

1 

0.15 

1.7 

3.4 

2% l 


3 % 

4)1 

25 

A 

% 

0.125 

1.4 

2.8 

2 % | 

$ 

3k 

4 


Notes on the Use of Wire Rope, by the Rochling’s Company. 

The rones with 19 wires per strand are the more pliable, and therefore best 
adapted ror hoisting aim running r»j>e. The others are stiffer and better 
adapted for guys, &c. Hopes of iron or steel, up to 3 inches diameter, made to 
order. Hemp center rope is more pliable than wire center. Wire rope must 
not be coiled or uncoiled like hemp rope. When on a reel, the reel 
should he mounted on a spindle or flat turn-table in order to pay off the rope. 
When forwarded in n small coil without a reel, roll the coil on-the ground like a 
wheel, and thus run off the rope. Avoid untwisting and short bends. To 
preserve wire rope, apply raw linseed oil (which may be mixed with an 


♦For the safe working load, take one-flfth to one-seventh of the 
breaking load, according U> speed, 
f For discounts, see price list 
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equal quantity of Spanish brown or lamp-black) with a piece of sheepskin, 
keeping the wool against the rope. If for use in water or under¬ 
ground, add 1 bushel of fresh-slacked lime and some sawdust to 1 barrel oi 
tar. Boil the mixture well and saturate the rope with it while hot. 

Galvanized wire rope for rigging is cheaper and more durable than hemp 
rope; and does not stretch permanently under great strains. Its bulk is one- 
sixth and its weight one-half that of hemp rope. Crucible cast^steel wire ropes 
are much more durable thau iron ones. They should be kept well lubricated. 

Patent Flattened Strand Wire Rope. 


Manufactured by A. Leschen A Sons Rope €o., St. Louis, Mo. 



Hoisting Ropes. Ilaulage and Transmission Ropes. 




Breaking*strength Minimum diam.of 
in tons of 2000 tt>,s.. drum in feet. 

List, price f p<*r 
loot, iu cents. 

$ 

■s 



— 

_ — 





~ . 


■g 

h 

2 

k r 

4> 


es 

y 

c 

o 

u 

& 

es 

3 

1 

5* 


a 

s 

S3 

« 


3 

X- V 


3 

X V 

# 

= 

2 * 

w 



<5 

V 

tri 

o * 
s 

L, 

*8 | 
if 

4) 

w 

o to 

3 

r3 

O) 

if 

4) 

s 

o to 

2 

TJ 

V 

if 

es 

5 




U ^ 

Cfl 



cc 






llointing Rope. 



9 25 

200 

176 

75 

12 

8 

2 

7.50 

211 

140 

06 

11 

8 

\% 

5.40 

168 

109 

54 

9 

V 

m 

4 75 

140 

94 

45 

»'A 

6 

rk 

4.00 

124 

81 

40 

8 

5 

i% 

8 40 

106 

69 

34 

V/, 

5 


2.80 

84 

56 

28 

7 

5 


2 30 

67 

47 

21 

6 

4 

i 

1.80 

56 

38 

17 

5 

4 

% 

1.35 

40V. 

29 

13 


3 

% 

1.00 

32 

21 

9 

4 

3 

% 

0 73 

22^4 

15 

6 

3H 

2 


0 54 

J9 

— 

— 

3 

— 

% 

044 

ay. 


4 

2*4 

1 


$ 

9 

3 ? 

6 K 

T6 

»»£ 

3 

r- 


285 

182 

152 

2M 

225 

144 

120 

2 

2i-8 

121 

104 

i« 

156 

96 

82 

1% 

137 

86 

74 

IX 

112 

73 


if, 

89 

59J > 

52 

IK 

71 

50 

43 

l'/» 

60 


34 

1 

49 

30 

26 

x 

Wi 

24 

21 

X 

28 

181' 

16'/, 

% 

25 

— 

13 


ai 3 4 

14K 

ioy. 

'A 


Haulage and TranNniiNNion Rope. 


2.80 

80 

54 

27 

9!4 

7 1 ; 

9X 

88 

54 

44 

2 30 

64 

45 

22 X 

8 

6K 

70 

45 

36X 

1.80 

53 

36 

lit 

6% 

sx 


58 

35 

29 

1.35 

88 

27 

iliH 

6 

5 


44 

27 V£ 

22 

1.00 

30 

20 

It) 

6‘i 

4X 

6 

35 

20K 

17X 

0 73 

21 

14 

7.H 

4 X 

3X 

*V. 

25 

14 

«$ 

0.44 

13 

9 

cl 

•'% 

2X 

V/, 

16»4 

10 

8'I 


♦Working load = 0.2 X breaking strength, 
t For discounts, see price list, pp 983 etc. 

J “ Hercules ” is a registered trade mark rope, “ made from a specially drawn 
and patent tempered steel, manufactured solely for ibis braud of rope.” 
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PAPER. 


24 sheets 1 quire. 20 quires 1 ream. 

Sizes of drawing papers. 


Ius. lus. 


Antiquarian.31 X 32 

Double Elephant. 26 X 40 

Atlas. 26 X 34 

Imperial.21 X 30 


Ina In 


Super Royal. 19 X 27 

Royal. 19 X 24 

Medium. 17 X 22 

Demy. 15 X 20 

Cap. 13 X 17 


The English drawing-papers are stronger and superior to the American. Those 
by Whatman have a high teputation; they are, however, of different qualities. When 
papei is pasted on muslin, the difference in quality is not so important. Of paper 
in roils, the German makes are the best. There is but little of other makes imported. 

Both white and tinted papers, for the use of engineers, are made 
in continuous rolls, without seams. Widths 36. 42, 54, 58, and 62 ins; usual 
lengths 40 yds; hut can l»e had to order to 400 jus or more. These may also be 
hail mounted ou muslin, iu mils 10 to 40 yds long. 

Cartridge or pattern paper is furnished in long rolls, of same lengths as 
white paper, mounted or not; widths up to 54 ins. Color, a light buff. 

Tracing paper. Most of that sold, whether domestic or foreign, tears so 
readily as to be of comparatively little service. Parchment paper, 37 aud 38 ins 
wide, rolls of 20 and 33 yds, is better, but does not take iuk perfectly. 

Tracing cloth, usually called tracttiq muslin, and sometimes vellum cloth , is 
altogether preferable to tracing paper, on account of its great strength. Widths 
18, 30, 36, and 42 ins; lengths to 24 yds. 

Profile paper is made in widths of 9 ins and 20 ins, and in Bingle sheets 
or in long, continuous rolls. 

I'roMg section paper, mounted or unmounted, tracing paper and cloth, 
are furnished in sheets and in rolls, ruled in quarters, fifths, eighths, tenths, 
twelfths, and sixteenths of au inch, or in millimeters. 

Colors. Since the introduction of blue printing, tinted drawings are seldom 
made, except for architectural effect; hut colors may he used to advantage on 
black-line prints from tracings, p 1390. A good draughtsman needs but few 
colors; say India mk, Prussian blue, lake, or carmine, light red, burnt umber, 
burnt sienna, raw sienna, gamboge, Roman ochre, sap green. Winsor A Newton a 
colors are among the best in use. Purchase none but the very best India ink. 
Cakes of colors should always be wiped dry on pa;>er, after being rubbed in 
water; and but little water should be used while rubbing; more being added 
afterward. 

Lead pencils. Genuine A. W. Faber's Nos. 2, 3, and 4, are veiy good. The 
hardness increases with the number. Nos. 3 and 4 are good tor field-book use: which 
to piefer, will depend on the character ol the paper; No. 3 for smooth, and No. 4 for 
the coarser or moie granular papers. Ills lettered pencils are of a higher grade and 
better suited for draughting. “H" stands for “hard,” “B” for “soft.” The degree 
of hardness or of softness Is indicated by the number of IPs or of B s. F (inter, 
mulmte) corresponds with No. 3. Dixou's American pencils are good. The office 
'lruiishtwnun should torn a Bat file, or a piece of fine emery paper glued to a strip 
of wood, upon which to rub his lead to a fine point readily, uftor using the knife. 
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BLUE-PRINTS. 


BLUE-PRINTS, ETC* 

Art. 1. (a) In order to obtain the best results, all unnecessary ex* 
posnre, either of the sensitized paper or of the solutions, to sunlight or to 
other white light should be avoided 

(b) ('leanlineNs is of the first importance. The vessels in. which tho solu¬ 
tions are made and mixed must lie scrupulously clean, and, if washed with soap, 
must lie carefully rinsed with clean water. They should be lelt full of water 
when not in use The presence of free alkali of any kind is latul to good te- 
suits, and immediately destroi s the blue color of a finished print, bee Art. 19 (b). 
The solutions must not be allowed to come in contact, with iron. 

Art. 2. (a) The Solution used in sensitizing the yaper for blue-prints 
is usually that of/mtcyanide of potassium (ietl piussiate of potash) f and am- 
moniocitrate of iron {citrate of iron and auimouia) m water 

(b) The two salts are usually dissoIved separately and the two solu¬ 
tions then mixed. The potassium salt should be broken up fine The iron salt 
is usually quite pure and dissolves very rapidly It may lie kept indefinitely in 
a solid state if pertectly dry, hut it readily absorbs moisture, and then becomes 
sticky and unfit for use; and the solution is apt to become mouldy alter a few 
days, either alone or when mixed with the potassium solution. Hence, it should 
be prepared (in a dark room) in small quantities as required. 

Art.. S. (a) The following is an average of several recipes that give ex¬ 
cellent results: 

Solution A. 1 ounce of red prussiate of potash to G ounces of water, or 2% 
ounces of the salt to a pint of water. 

Dissolve thoroughly and filter. The solutions may be sufficiently filtered 
through raw cotton, and much more rapidly than through paper. 

Solution B 1 14 ounces of am moniocitrate of iron to G ounces of water, or 4 
ounces of the salt to 1 pint of water. 

Dissolve thoroughly. Filter, unless the solution is perfectly clear. 

(b) Keep the two solutions in separate glass-stoppeied bottles in a dark place 
until they are to lie used. Then mix them in equal parts, and filter the mix¬ 
ture. Take care that no undissolved particles of the red prussiate get into the 
double solution. It must be rejected when its brown color changes to bluish green. 

(c) The combined solution will coat amateurs irom 1 to 2 cents per ounce to 
make. About 4 ounces will suffice for coating 100 square feet ol pajier. 

(d) If a lew drops of strong ammonia solution be adued to the citrate solu¬ 
tion, B, until the odor is quite perceptible, the addition of a saturated solution 
of oxalic acid in water to the double solution will hasten the print- 
ing in cloudy weather, in per cent of the oxalic-acid solution will in¬ 
crease the rapidity of printing about 2% times; 20 per cent., 5 times; 80 per 
cent., 10 times- hut with more than 20 per cent., it is difficult to get clear white 
lines. In sunlight the difference is much less marked. (Engtnrtring Nrux, Dec. 
15, 1892.) 

Art. 4. (a) Where fine work is not essential, any well-sized paper, suffi¬ 
ciently tough to bear the washing, will answer. For important work use paper 
of fine uniform textuie and smooth hard surface, free from injurious chemical 
substances. If the solution penetrates below the surface, a portion of the chem¬ 
icals may remain in the paper in spite of the washing, and damage the result 
Many papers are made especially for this purpose. The Saxe ((>erinan) and 
Rives (French) papers are considered among the best. Johannot and Steinbach 
papers give good prints, but are not very strong. Weston’s and Scotch linen 
papers are stronger, aBd the latter gives excellent prints. Before sensitizing 
a large quantity of paper of a new kind, try a small sheet of it. Unen for sen¬ 
sitizing is also sold oy dealers in photographic material and engineers’ supplies, 

Art. 5. (a) The solution is applied /in the dark room of course) to 
one side only of the paper. This is sometimes done by “ floating” the 
paper upon the solution, taking care that none gets upon the back of the sheet. 

•See “Modern Heliographic Processes,” by Ernst I^eitzc; D. Van Nostrand 
Co., New York, $3.00; a work to which we are indebted for many valuable sug¬ 
gestions 

“Modern Reproductive Graphic Processes,” by Lieut. J. S. Pettit, P. Van 
Nostraiid Co., Science Series, No. 7G, 50 cents, deals chiefly with artistic photog¬ 
raphy, lithography, etc. 

See also paper by Benj. II. Thwaite. Proc’s, Inst’n Civ. Eng’rs, Vol. lxxxvi,p. 
812, reprinted in Engineering News, Nov. 27,1888. 

t Not the /errocyanide or yellow prussiate. 
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The paper is held by two diagonally opposite corners, and the diagctaal joining 
the other two corners is then allowed to touch the surface of the liquid. Then 
the two comers held in the hand are dropped first one and then the other. The 
paper should then he lifted, one half at a tune, to see whether any air bubbles 
nave been formed under it. If so, they may he remo\ed by drawing over the 
solution that, halt of the sheet under which they occur, while the other half is 
held up Iroiu tire liquid One or two minutes suffice tor floating, and the paper 
is then drawn out over an edge of the bath draining off the surplus liquid. 
This process requires a tray larger than the sheet, and the inner surface of the 
tray must he nut only water proof, but also pi oof against chemical action from 
the solution < onsiderable care is required in the manipulation 

A rt. «. («) flic solution is usually applied by means of a soft wide hriiNh 
(such, lor instance as those used lor wetting the leaves in letter-copying books) 
or a large soft sponge entirely free from sand or other grit 

Art. 7. (a) In applying the solutinu, the paper may be laid upon a board cov¬ 
ered with son smooth oil-riot li. which, after each sheet, is sensitized, should 
be wiped otf, to avoid smearing the back of the next sheet 

(la) The operation must be quickly performed, so that, no portion of a 
sheet may become dry before its entire surface has been coated Foi very large 
sheets it may be necessary, lor this reason, to emploj two jKirsons First cover 
the sheet by strokes of the wet sponge or blush, moved in the direction of the 
length of the paper, and then, iimnexliatelv, by light, strokes at light angles to 
these and with the sionge or brush squeezed out, so that the solution may be 
uniformly and thinly distributed over the entire surface Wash out the sponge 
immediately in the dark loom 

Art. 8. (») The paper is then hung up to dry in the dark room, by meins 
of dips, of any convenient form and free tjom iron. Small sheets may be hung 
by one corner; larger sheets by two adjacent corners, or by three or more places 
(according to size) along one edge, taking care to buckle this edue slightly, so 
that the paper may not be, stretched in dryhig If the sheets are hung over a 
rod or rail the solution will dr\ unevenly at the bend. In order that the whites 
in the print may be clear, the air should l>e warm, so that the paper may dry 
quickly and the solution he thus prevented from penetrating it deeply. 

Art. i). (a) Make sure that the pajier is perfectly dry before it is used 
or put away, and see that it is kept both <hy and dark until it*is wanted for use. 
If carefully prepared and preserved it will retain sensitiveness for a long time, 
but the best results are obtained with fresh paper, and it is liest not to keep it 
more than a month or two. 

A rt. 10. (») The tracing- paper or tracing cloth should be of a bluish 
cast (a yellow paper delays printing), thin (see Art. 15, ), and as nearly 

transparent as possible It should be preserved, both before and after drawing, 
from long exposure to light, which tends to render it opaque 

(b) both before and alter drawing, it should lie kept either flat or rolled, and 
not folded, because folds render it difficult to bring the drawing into perfect con¬ 
tact with the sensitive paper in printing 

Art. 11. (a) The drawing or tracing should be made with the best 
India ink, rubbed very black The addition of a little gamboge or chrome yel¬ 
low increases the opacity. Lines drawn in chrome yellow and in gamltoge print 
well; but Prussian blue or carmine should be rendered more opaque by the addi¬ 
tion of a little Chinese white or flake white Hold the tracing up to a strong 
light, in order to detect any weak places iu the lines. 

Art. 12. (a) Printing consists in exposing the sensitive paper to the 
action of light, the drawing being placed between the light and the sensitive 
surface. The arc electric light prints more slowly i ban direct sunlight, but 
has the advantage of constancy in all weathers aud at all hours, and of fixedueBs 
of position See Art. IB (a). 

(») Place the frame with its face perpendicular to the rays of light,, as nearly 
as may he, ami see that no shadows, as of trees, buildings,etc , are allowed to fall 
upon a portion of the drawing. 

(c) All handling of the pajver, such as cutting it to size or placing it in the 
frame, should be done in a weak light. 

Art. 13. (a) To secure close contact bet ween the tracing and the sensitive 
paper (see Art. 15, ) they are usually placed in a printing-frame. The 

essential parts of an ordinary frame are- the frame proper, a plate of clear glass 
for the passage of the light, and a padded back, which, by means of clamps aud 
springs, presses the two sheets closely together and against the glass 

(b) The tracing is laid in the frame, with its drawn side next to the glass 
(but see Art. 16 b), and then the sensitive paper, with the sensitive 

side next to the tracing. Finally, the padded back is placed in the frame. 
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(C) The back is often made in two halves, hinged together and each provided 
with a spring, so that one halt' may be raised to permit examination of the 
progress oi the exposure, while the oth< r half, remaining clamped, holds the 
tracing and the sensitive paper in position. 

{«!) By using a frame left open at both ends long strips of sensitive paper may 
be used, a part at a time, the rest being rolled up at the ends oi the frame ai d 
wrapped tor protection from light. 

(e) In any frame it is minor taut that the glass be sufficiently thick to with¬ 
stand the pressure required in order to secure close contact between the two 
papers (see Art. 15, below), of excellent auality, and tree from detects which 
would obstruct or unequally refract the light. The glass should be carefully 
cleaned before printing. 

(f) Improved forms of printing-frames have rubber air-oushions in place of 
flannel pads. In others the necessary pressure is secured by means of a vacuum 
produced between the tracing and the glass by means of a pump. 

(If) Printing-frames are supplied In dealers. The prices, including glass, vary 
from about $2 lor frames 10 x 12 inches, to $.!0 or #45 for frames 56 x 60 inches. 
Frames running on rollers, with fittings for exposing them outside of windows, 
are also furnished,at prices varying with the dimensions aud the requirements. 

(h) For large blue-prints, Prof E C. ('leaves, oi Cornell University, uses, 
instead of a frame, a wooden cylinder covered with felt and revolving on its 
axis. Upon this cylinder the tracing and sensitive paper are stretched by means 
of a suitable clamping device, and the cylinder is then revolver in the sunlight. 
This met Inal dispenses with the use of glass. It of course requiies a longer ex¬ 
posure than the ordinary method. ( Trans Am. Hoc. Meat. Mg , vol. viii p. 722.) 

(1) For still larger prints, Prof. R H Thurston stretches the two papers upon 
a thin board, which is then sprung into a curve and held in that shape, keeping 
the papers in tension upon the convex side This method also dispenses with 
the use of glass, and, the curvature ol the b--ard and the papers being hut 
slight the whole of the p,\per is exposed to the light at one and the same time 
( Trans. .Im. Soc. Mrch. Eng., vol. ix, p. 696) 

Art. 14. (a) The time required for expoNiire varies with the 
color, directness, and intensity of tne light, with the thickness and opacity of 
the tracing paper, with the blackness of the drawing, with the maierials and 
the care used in sensitizing the paper, and with the freshness of the latter, from 
two or three minutes to hours or even days. Roughly, we may say that in full 
sunlight, in Philadelphia, about three minutes ordinarily suffice from noon to 2 
p. m., and ten minutes at 10 a. m. or 4 p m , in tlie shade, thirty to fortv-five 
minutes at noon; but no fixed rules can be given Experience must decide 
in each case. A preliminary experiment may be made with a small frame, if 
the back of the frame is in two or more pieces, the process may he inspected from 
time to time. 

(b) If perfectly opaque ink be properly used, the blue background may be 
printed very durk without spoiling the lines, but over-exjinsure in printing rea¬ 
ders the background first blackish and then of adingyshade See Art 17 (c)and 
(d). Drawings in pale ink must lie printed very lightly, In order that the 

lines may remain white and it is best to use with them a weak light, or to pro¬ 
tect them by tissue paper or ground glass. See Art. 1H (a). 

Art. 15. (a) To obtain perfectly sharp impressions, the side of the tracing 
upon which the drawing is made should be in Immediate contact with 
tne sensitized surface of the blue print paper, especially if, as with sunlight, the 
direction of the light is variable; (or, if any appreciable distance intervenes 
between the two, as in printing through cardboard (see Art. 16, below), the 
shadows cast by the lines of the tracing will move over the sensitized surface as 
the direction of the light changes, and thus give a blurred impression. In most 
cases, however, it is practically out of the question to place the two surfaces in 
this wav, because that position gives a reversed impression as regards right and 
left.* lienee a thin tracing paper or linen is recommended in Art. 10 (a). For 
the same reason it is imperative that the two papers be firmly and evenly 
pressed against the glass. 

Art. 16. (») By using a light which is constant in position relatively to 
the surface of the tracing, such as an arc electric light, it is possible, by prolong¬ 
ing thp exposure for hours or even days, to obtain blue-prints from draw¬ 
ing* made nponflt.oi]t drawing; paper or even upon briatol board. 

(b) With sunlight the same object may lie accomplished, either by placing the 
original with its back to the glass, and the sensitive paper (which should be very 


* A print, thus reversed in position, may of course be easily read by means 
of a mirror. This is commonly done with Patent Office drawings. 
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thin) with its back to the sunlight, or by placing the printing frame in the bottom 
of a deep and narrow box, so that the light can shine directly upon the frame 
only when approximately parall 1 with the long Bides of the box To print 
rapidly, the Buulight must be kept full upon the frame by frequently moving 
the i >ox. 

Art. 17. to) The print, when sufficiently exposed, is taken from the frame, 
and both its face and back are watihed thoroughly in clean water until 
the characteristic blue color is perfectly developed. 

(b) The washing should be done in a tray with a flat bottom larger than the 
largesi print to be washed, and care should be taken not to injure the Surface 
of the prints by hard rubbing or by shaip bending, or otherwise. It is better 
to have a circulation of water in the tray, not only to keep the water clean, but 
also to bring about the necessary agitation of the prints without handling them. 

(e) The washing may be hastened,and dark or “over-exposed” prints m«y be 
lightened somewhat, by having the water warm, say at 90° or 100° Fahrenheit. 

(d) Over-exposed prints may also be lightened by immersing them in water 
rendered Blightly alkaline by ammonia. In this bath they at once assume a 
purple tint, which soon becomes weaker. At tbe proper moment, which must 
be learned by experience, the alkaline action must be stopped by drawing the 
print rapidly through a solution of 1 part of hydrochloric (“muriatic”) acid 
(H. Cl) in 100 parts of water. 

(e) Continue washing until the water has for some time come off perfectly 
clear. Then hang the prints up smoothly to dry. 

Art. 18. (») After washing, the application of a solution of from 1 to 5 
per cent, of hydrochloric acid, or of oxalic acid, in water, intensifies the bluw 
color, and is therefore useful in bringing out pale or “under-exposed” prints; 
but the prints must then be afterward washed again in pure water Hydro¬ 
chloric acid applied before washing, or to imperfectly washed prints, will make 
the line* show blue. 

Art. 19. (a) To erase a (white) line on a blue-print, go over the line with 
the sensitizing solution applied with a clean brush or quill pen. This should be 
done in a weax light. Then expose the entire print and re-wash 
(b) White linen are added to blue prints, usually in Chinese white; 
but the blue color may be removed, showing the white p»per beneath, by apply¬ 
ing a saturated solution of concentrated lye (caustic soda or potash) or of car- 
honete of soda* or carbonate of potash, with a fine clean pen nearly dry. If 
laid on too freely, it spreads rapidly. Even if the pen is perfectly clean, the sur¬ 
face thus produced has a yellowish cast as compared with ihe white of the 
paper. The carbonate solutions act more slowly than the lye, but not less 
surely, and they are not injurious to the skin, whereas the lye burns badly. 
The ordinary lime-water sold by druggists makes little or no impression upon 
the blue color. If red, instead of white, lines are desired, mix with the 
soda or potash solution ordinary carmine writing-ink, in Buch quantity (to be 

ascertained by trial) as will give the desired color. . 

Art. 20. (a) Blue prints which are to be subjected to much handling should 
be mounted upon cloth, or the prints may be made, in the first place, upon 
sensitized tracing linen. 


*E'th«r carbonate ("washing-soda”) or bicarbonate (“baking-soda”) will 
ana*/-. 
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Art. 1. Most of the explosives, which, of late years, have been takiDt 
Ihe place of guupowder, consist of a powdered substauce, partly saturated 
rith nitro-glyeenne, a fluid 'produced by mixing glycerine with nitric and buI- 
phuric acids. 

Art. 2. Pure nitro-glycerine, a t 60° Fah, has a sp grav of 1.6. It is 
Jdorless, nearly or quite colorless, and has a sweetish, burning taste. It is poison- 
jus, even in very small quantities. Handling it is apt to cause headaches, it is 
insoluble in water. At about 306° Fah it takes fire, and, U unconfined, burns 
narmlessly, unless it is in such quantity that a part ol it, before coming in con¬ 
tact with air, becomes heated to the exploding point, which is al>out 380° Pah. 

N-G, and the powders containing it, are always exploded by mean* of 
iharp percussion. See Aits 36, Ac. After N-G is luaue, great care is required to 
wash it completely from the surplus acids remaining in if trom the 
process of manufacture. Their pieseuce, either in the liquid N-G, or in the 
powders containing it, renders tne N-G liable to spontaneous decomposition, 
which, by raising the temperature, increases the danger of explosion. 

Art. 3. NMJ freezes at about 45° Fah. Jt is then very difficult of 
explosion, and must be thawed gradually , as by leaving it for a sufhohnt 
length of time in aoorafortably warm room, or bj placing the vessel containing it 
la a second vessel containing hot water, not over 100° Fah; but nevei by exposing 
it to intense heat, as in placing it before a fire, or setting it on a stove or noiler. 
Extra strong caps are made for exploding N-G and its nowdeis when frozen. 

Art. 4. N-G, owing to its incompressibility, is liable to explosion 
through accidental percussion. This, nud its liability to leak¬ 
age, render it inconvenient to transport and handle. Hence it is larely used in 
the liquid state in ordinary quarrying and other blasting. In the oil regions of 
Penna, it is largely used in oil wells, in order to increase the flow. For this 
purpose it is confined in cylindrical tin casings, from 1 to 6 inches diam, called 
torpedo-shells. These are suspended from, ana lowered into the well by means 
>f, a cord or wire wound on a reel; and are destroyed when the charge is ex¬ 
ploded. They are about 1 inch less in diam than tne well, and contain usually 
from one to twenty quarts —3 lbs, 5%oz to 66 lbs, 6%oz of N-G. They are 
pointed at their lower ends, in order to facilitate their passage through the oil or 
water which may be in the well. When a greater charge than about 66% lbs is 
required, two or more of these shells are placed in the well, one on top of another, 
the conical point on the lower end of each one fitting into the top of the one next 
below. In this case, the N-G is fired by means ot a cap or series of caps placed 
In the top of the charge before it is lowered. When the charge is in place, the 
japs are exploded by electricity led to them by conducting wires, as in Art 87, or 
(as in the method more commonly practised! by letting a weight fall on them. 

When a well has been repeatedly torpedoed, and a cavity has thus lieen formed 
In it so large that the space sui lounding a torpedo would interfere too greatly 
with the effect, of the explosion of the N-G on the walls of the well, the latter is 
placed directly in the well, by lowering a tin cylinder, filled with it., and pro¬ 
vided with an automatic arrangement which allows the N-G to escape when at 
the liottora of the well. The N-G is then fired by a torpedo suspended on a line, 
and having caps placed in it* top. These caps are exploded by a leaden or iron 
weight sliding down the line, or by electricity. When the rock is seamy, the 
N-G is confined in short cylindrical tin shells, lowered into the cavity, and fired by 
a torpedo. It is also used for increasing the flow of springs of water. It of couise 
cannot be used in hor or upward holes, such as often occur in tunneling, Ac. 

Art. 5. N-G explodes so suddenly that very little tamping is »**■ 

a aired. Moist sand or earth, or even water, is sufficient. This, with the fact 
at N-G is unaffected by immersion in water, and is heavier than water, render 
it particularly suitable for sub-aqueous work, or for holes containing 
water, provided the rock has no seams which would permit the N-G to escape. 
If the rock is seamy, the N-G must be confined in a water-tight casing. 
Such casings, however, necessarily leave some spaces between the rock and the 
explosive, and these diminish considerably the effect of Ihe latter. 

Art. 6 . The great explosive force of N-G Is due partly to the very 
fcrge volume of gas into which a small quantity of it is converted by explosion, and 



MODERN EXPLOSIVES. 


1395 


partly to the suddenness with which this conversion takes place, the gases being 
liberated almost instantaneously,* while with gunpowder their liberation requires 
a longer time. The suddenness of the explosion increases its effect, not only by 
applying all of its force practically at one instant, but alBo by greatly heating the 
gases produced, and thus still further increasing their volume. 

Art. 7. The liquid condition of N-0 Is useful in causing it to fill the drill¬ 
hole completely, so that there are no vacant spaces in it to waste the force 
ot the explosion. On the other hand, the liquid form is a disadvantage, because, 
when thus used without a containing vessel in seamy rock, portions of the N-G leak 
away and remain unexploded and unsuspected, and may cause accidental explosior 
at a future time. 

Art. 8. N-G 1 m stored in tin cans or earthenware far*. If 

properly washed from acid It does not injure tin. For transportation, these cans or 
lars are packed in boxes with sawdust, or in padded boxes, and loaded in wagons, 
flie R R companies do not receive it. 

Art. 9. When N-G and its compounds are completely exploded, the sraae* 
given out are not troublesome, but those resulting from incomplete explosion 
uu-li as generally takes place, or from combustion, are very offensive. 

Art. 10. For convenience, we apply the name “ dynamite’* to any explo¬ 
sive which contains nitro-glycerine mixed with a granular absorbent; “true 
dynamite” to those in which the absorbent of the N-G is “ Kieselguhr,”f or 
some other inert powder which takes no part in the explosion; and “fatae 
dynamite ” to those in which the absorbent itself contains explosive substances 
other than N-G. 

Art. 11. The abnorbent, by its granular and compressible condition. 
actM as a cushion to the N-G, and prelects it from percussion, and from 
the consequent danger of accidental explosion. 

N-G undergoes no change in composition by being absoibed; and it then lreexea, 
burns, explodes, Ac, under the same condifono as to pressure, 'empeiature, ftc, aa 
when in the liquid form. The cushioning effect of the alnorhent merely renders it 
th..ie difficult to bring about tmflieiout peiviiMMe presume to cause explosion. The 
almoiption oi the N-G in dyn enables the latter to be used iu hor holes, or m holes 
drilled upward. 

Art. 12. N-G and dyn explode much snore readily when rigidly 
routined, as by a metallic vessel, or by the walls of a hole drilled in rock, than 
when confined by uyiel/ling 'ubstance, as wood. Therefore the fact that dyn, not 
being liquid, can he packed in waodtn boxes, renders it safer than N-G which has to 
be kept in stone or metal vessels. 

Art. IS. True dynamites must contain at least about 60 per 
cent of N-G. Otherwise the latter will be too completely cushioned by the absorbent, 
and the powder will lie too difficult to explode. False dynamites, on the contrary, 
may contain ns small a percentage of N-G as may be desired; some containing as 
little as ISpercent. The added explosive substances in the false dynamites generally 
contain large quantities of oxygen, which are liberated upon explosion, and aid in 
effecting the complete combustion of any noxious gases arising from the N-G. 

Art,. 14. Dynamites which contain large percentages of 
N-G explode (Ilka the liquid N-G Art 6) with great suddenness, tending to shatter 
the rock in their vicinity into small fragments. They are most useful in very hard 
rock. In such rock, No 1 dynamite, or that containing 76 per cent of N-G, is 
rmighly estimated to have about 6 times* the force of au equal wt 
of gunpowder. 

For soft or decomposed rocks, sand, and earth, the lower grade* 

uf dynamite, or those containing a smaller percentage of N-G, are more suitable. 
They explode with less suddenness, and their tendency is rather to upheave large 
masses of lock, &c, than to splinter small masses of it. They thus more uearly re¬ 
semble gunpowder in their action. 

Judgment must be exercised as to the grade and quantity of explosive 
t» be used in any given case. Where it is not objectionable to break the rock into 
small pieces, or where it is desired to do so for convenience of removal, the higher, 
thattering grades are useful. Where it is desired to get the rock out large masses, 
88 >n quarrying, the lower grades are preferable. 

For very difficult work in hard rock, and for submarine blasting, the highest 
grades, containing 70 to 75 per cent of N-G, are used. A small charge ef these does 
the same execution as a larger charge of lower grade, and of course does not require 


Such sudden liberation of gas is called “ detonation.” 

1 Klwelgubr is an earthy, ailiclou* limestone, oompoaed of the foaiil remains of email ■ hello, 
"*® h ihelt acts as a minute receptacle for nitro-flycerine. Kleseiguhr It found la Hanover, Germany 
U1 » »•* Jeraey. 

93 
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the drilling of 90 tax. » nolo, in .nlnonrin. wort ihoir sharp explodon ta Hi 
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earth, lftpervent. readily exploded under 

ISm,%heout .ho N-G. In tho lowor grade...ta «Pt towart 

away tho oolto n.0.1a» additional "“^trceutage of N-G, tho latter I. liable 

Art. IB. In dyne containing a. largo ^'"^"“Varrfwoatho,, end thou to 
to exutle in l"iuid forni, * k - Th * BM11 / dttngHr exist., eten though tho 
explode tlirot ‘^o7frX'nh“ZrhIthL U bIt .Sorting powor, and ta, 

ZTZSZ.&JfSXSSV.Si 

generally those of tho N-G u'ffieuU to explode. It is not exploded 

sr." 

St h'SSK? pnmtig of gnttpowdor, tightly tamped, and hrod h, an ordi- 

•ZA%. «•—7 ^ SS.OTSJESSfTK 

f °A^0. OU ;»ynL k u.ef„l for breaking up pleee« «r metel .ueh 

camion, condemned machinery, *‘ealaoiHndor»*’(nnieHoo of hardened sla,.) in htw 

«««, may l» hroken by merely W™[.‘■‘‘“^■‘“nfmoro cartridgee ar. 

amd'e a 2 hole holed m the trank °r t°°te ;r nnde rjhe la tter. 

e b h r a,T»“of dyn h. -and ,1,/trenk of 

a email tree, B'**"*' _ blantetl In the eame wnyae trees; or ahole may 
be bored to; the eariridgeTn the ax,. of the pile! or the cartridge may be mrnplj 

‘'Irk'-V^VhVhighCgmlle^f^a l!^ N-G, require but !**«•*«•$ 

S'wswsisiliss 

SSS5»S2ptsass»«s®Ss 

ressel containing hot water. The water ehnnld not be hotterri«" c n o 
the hand. Otherwiee the N-G is !>« u ® *° "? 1 ” 7 “ 7 “:! ° t he »h»orbentt In 
dyn may freexe without cementing together the ,57 ”1 „ „v«,rr-taarir« of 
which case the powder of course is atill soft to the touch. An r ,fl-_ Tll ,j V n burps, 
N-G, or of dyn, is liable to be burned, and thus wasted, c »r* 

Art. 24. Dyn i« sold in cylindrical* paper f m g 

ri dir eft from % to 2 ins in diam, anu 6 to 8 ins long, or long ■ . ? or 5 Q 

niahSuto*order of any required size, and are packed in boxes contamlug2oft»a or 

Km each. The layers of cartridges are separated by ^ awdu8t ’ a ^-G ]n any 
Art. 25. Some of the R K companies decline ^cany arj<£ *» pr0 , 

■hope Othen carry dyn nNdercerLa'nrMtrcHon^hwedupnS (lm( j*,*,,, 
riding that it must be dry « e, that no N-G shall I» exuding fnimi), M „ m . 

and 4 " containing It thall be plainly 7 *“* *!%*??'«Xd & rteboxes, am» 
BloelTe,” “dangerous,” Ac; that the cartridges shall bo B0 P*®*®r. tbebo* - 

IhLboxee eo loaded In the car*. that both .ball lie upon their tides, and tne 
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be in no danger of falling to the floor; that caps, Ac, shall not be loaded in thi 
lame car with dyn, Ac, Ac. 

Art. 26. A great many varieties of dyn are made. They differ 
(generally but slightly) in the composition of the absorbent, and in the method 
of manufacture. Each maker usually makes a number of grades, containing 
different percentages of N-G, Ac, and gives to his powders some fanciful name. 
Art. 27. Thfe following table of explosives, made by the Ilepauno 

Chemical Co, Wilmington, Del, and known as “Atlas” powders, gives the 

percentage of N-G in each. 


Brand. 

Percentage 
of N-G., 


Percentage 

Of N-G. 

A 

75 

D+ 

33 

B+ 

60 


B 

50 

E+ 

27 

c+ 

45 

E 

20 

C 

40 




The absorbents contain : in “ A ” brand, 18 per cent wood pulp and f 
per cent carbonate of magnesia; in “ C” brand (the average grade), 46 per cent 
nitrate of soda (soda saltpetre), 11 per cent wood pulp, and 3 per cent carbonate 
of magnesia; in “ K ” brand, 62 per cent nitrate of soda, 16 per cent wood pulp, 
Ac, and 2 per cent carbonate of magnesia. 

Art. 28. “ Miner’s Friend ” powder oontains nitrate of soda, wood 
pulp, resin, and carbonate of magnesia. It freezes at 42°, and is then, like other 
dyn, difficult to explode. When used under water, the cartridges should not be 
broken, because the powder is injured by direct contact with water. Their 
“Hecla” powder is a lower grade. It is in granulated form, like ordinary 
blasting powder, but is said to be much stronger. It is intended as a substitute 
for it. 

Art. 29. “ Giant” powder is dyn proper, containing 75 per cent N-G, 
and 25 per cent Kieselguhr obtained near tbeir works in New Jersey. The 
lowest grade, branded “M,” contains 20 per cent N-G. The name “giant 
powder” was originally applied to dynamite in general. 

Art. 30. Other brands are “ Hercules” powder and “ Jndson RRP 
powder,” a substitute for ordinary blasting powder. It is put up in water¬ 
proof paper bags, of 6V, and 25 tbs each, and these are picked in wooden 
boxes holding 50 lbs cacti. “ Jndson F F F dynamite ” is a higher grade, 
in cartridges of the usual shape, packed in 50-lb boxes. 

Art. 31. “Rackarock” cartridges are said to contain no N-G, and to 
Ae entirely inexplosive until immersed, for a few Beconds, in an inexplosive 
liquid furnished by the same Co. They are then allowed to stand for 15 mins, 
after which they may lie used at any time. They are fired in the same way as 
dyn, and can bo used under water. The ntfrs claim that they “approxiuurtg 
N-G in strength, and are stronger titan dyn.” 

Art. 32. Tbe follow Ins explosives are made and used in 
Europe, but have not yet been regularly imported into the U. S. 

Compressed g-nn-cotton, is cotton dipped m a mixture of nitric and 
sulphuric acids, then reduced to a fine pulp, and made into discs 1 to 2 ins thick, 
and % to 2 ins diam, or larger. It is generally used wet for the sake of greater 
safely. It then requires extra strong caps or primers. Roughly speaking, it is 
about as strong as dyn No 1, but is less shattnivg in its effect. Being lighter 
than dyn, it requires larger holes; and, owing to its rigidity, is less easily in* 
scried, and does not fit the hole so completely. When dry, it is very inflam¬ 
mable, but, if not confined, it burns harmlessly. It contains no liquid, to freeze 
or to exude; and is safe to handle. „ . .. . . ... . 

Art. 33. Tonite consists of finely divided gun-cotton mixed with nitrate 
of baryta. It is compressed into candle-shaped cartridges having, at one end. a 
reeww for the reception of an exploder containing fulminate of mercury. The 
cartridges weigh about the same as dyn. They are generally made waterproof. 







1398 


MODERN EXPLOSIVES. 


substance, and is composed of 90 per cent N-G and 10 per cent gun-cotton. It Is 
less sensitive than dyn to percussion, friction, or pressure, and is not affected by 
water. Its specific gravity is 1.6. It burns in the open air. For complete 
detonation a special primer is required. The addition of a small proportion ol 
camphor renders it still less sensitive, and increases its explosive force. Tht 
camphor evaoorates to some extent. 

In some experiments on the power of different explosives to increase the contents 
of a small cavity in a leaden Mock, explosive gelatine caused an increase 60 per cent 
greater than that caused by dyn No 1. In hard rock the dtff would piobably have 
been greater The Increase wafl 10 per cent less than that caused by N-G. 

Art. 36. The cap or exploder, used with ordinary safety fuse for ex¬ 
ploding N-G and dyn, is a hollow copper cyliuder, about Inch diam. and an inch 
or two in length. It contains from 15 to 20 per cent, or more, of fulminate of mer 
cnry, mixed with other ingredients into a cement, which fills the closed end of the 
cap. The cap is called “ single-force,” rt triple-force,” Ac, according to the quantity 
of explosive it contains. 

The end of the fuse, cut off square, is inserted into the open end of this cap, fat 
enough to touch the fulminating mixture in it. In doing this, care mast be taken 
mot to roughly scratch the latter. The peck of the cap is then pinched, near its 


Dome into contact with the explosive, which would then be burned and wasted. If 
a dyn cartridge Is used, the fuse, with cap, is first inserted into it. The neck of the 
cartridge is then tied around the fuse with a string, and the cartridge is then ready 
be placed in the hole and fired. 

Art. 37. The Niemen** magneto-electric blasting appa> 
tains, now In general use, consists of a wooden box about as large as a transit 
box Outside it has two metallic binding-posts with screws, for attaching the two 
wires leading to the exploder. From the top of the box protects *» bain"'' at the 
end of a vert bar This bar, which is about as long as fhe l»x is high, Is made » 
m to slide up and down in it, and in toothed, and gears with a small pinion inside 
the box When a blast is to be fired, the bar is drawn up, by means of the handle, 
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Art. 40. The magneto-electrical machine weighs about 16 lbs. It cas 
flre about 12 caps at. once. 

Caps for ordinary fuse and for electrical tiring, fuses, wires, electrical machines, 
Ac, are sold by most of the makers of, and dealers in, explosives, rock-drilling 
machines, Ac. 

Art. 41. Simultaneous tiring of a number of boles can bo conveniently 
accomplished oiriy by electricity. Electric blasting apparatus is specially useful 
for blasting under water, where ordinary fuses are apt, especially at great depths, 
to iMjcome saturated and useless. 

if an eleetiical machine tails to fire a charge, it. is known that the charge 
cannot explode until the attempt is repeated. Therefore no time need be lost, 
ami no risks run, on account of “ hanging flre.” 

GUNPOWDER. 

The explosive force of powder is about 40000 lbs, or 18 tons, per square 
inch. Its weight averages about the same as that of water, or 62^ lbs per 
cubic foot; hence, 1 lb = about 28 cubic incheB. In ordinary quarrying, a cubic 
vard of solid rock in place, for about 1.9 cubic yards piled up after being quar» 
ried,) requires from % to % lb. In very refractory rock, lying badly for quarry¬ 
ing, a solid yard may require from 1 to 2 lbs. In some of the most successful 
-rjv.it blasts for stone for the Holyhead Breakwater, Wales (where several 
iflousamts of lbs of powder wer» usually exploded by electricity at a single 
•■last,) from 2 to 4 cubic yards solid were hmrneil per lb; but in many instance? 
not more than 1 to 1U yards. Tunnels and shafts require 2 to 6 ft>s per solid 
vard; usually 3 to 5 lbs. Soft, partially decomposed rock frequently require? 
more than harder ones. Usually sold in kegs of 2T> lbs. 


Weight of powder in one foot depth of hole. 


Diameter of bole 

| 1 in 1 

1><|M 1 

1% ins 

2 ins | 

2% ins 

3 ins 

Weight of powder 
avoirdupois 

i 0lb5oz ! 

Oft 8oz ! 

Oft 11 oz 

1 lb 4oz 1 

2ft 

2ft l3oz 

Diameter of hole 

1 S^in 

4 ius 

4% ins 

| 6 1118 

1 Ufa ins 1 

6 ins 

Weight of Powder 
avoirdupois 

! 3ft 14oz 

6ft Qoz 

6ft 0oz 

7tb 14 m 

! 91b 8oz 

lift 5oi 
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PRICE LIST 


hor a work of this kind, any attempt to present a list of 
exact or even of closely approximate prices would be use¬ 
less. We aim merely to give indications of the average 
coats or of tue ranges of cost. On account of the extreme 
reluctance or refusal of many dealers and manufacturers to 
submit figures, it has been impossible to give any figures at 
all for many items that the engineer may need. In general, 
the figures given represent normal prices prevailing during 
1925 and 1926. Caution:—Prices in Gulf or Southern cities 
are often or usually quite considerably higher than those 
given. 

Abbreviated Outline of Classification. 

(See also in Index of this book.) 

For principle of classification, see Bibliography, p. 1420. 

1.0 Materials and Elementary Shapes. 

1.1 Chemicals, etc. 1.13, Preservativs, Paints, Impreg¬ 

nating. 1.14, Explosivs 
’.2 Wood, Lumber, Timber, Piles. 

1.3 Stone, Earth, Concrete, Asphalt. 1.31, Road Mate¬ 
rials. 1.32, Stone. 133, Asphalt. 1.34, Cement. 
Lime, Plaster. 1.35, Brick, Tile, Glass. 

1 4 Iron and Steel. 1.45, Nails, Rivets, Screws, Bolts, etc. 

1.47, Wire, Wire Rope, Fencing. 

1.5 Other Metals and Alloys. 

1.6 Paper. 1.7, Ropes. 1.8, Packing, Gaskets, Belting. 

1 9, Other Materials. 

2.0 Constructions. 

2.1 Earthwork, Dredging, Foundations. 

2.2 Masonry. 2.21, Brick—. 2.22, Stone—. 2.23, Concrete 

and Cement— 2.24, Plastering, etc. 

2 3 Metal Structures. 2.33, Tanks, Stacks. 2.34, Boilers. 

2 35, Fireproofing, Concrete-Metal Construction. 

2 4 Paving. 2.5, Sewers. 2.7, Roofing. 

8.0 Machinery. 

3.2 Tools, Machine Tools. 

3.3 Engines. 

3.4 Blowing and Pumping Machinery. 

3.5 Hoisting and Conveying Machinery. 

3.6 General Construction Machinery, E 

Road Making Machinery. 

4 0 Engineering, Surveying and Scientific Instruments and 
Supplies. 

i 2 Surveying Instruments. 

1 3 Computing Instruments. 

1 4 Drawing Instruments and Materials. 4.5, Heliography. 

L9 Miscellaneus. 

9 0 Miscellaneus Supplies. 

!, .l Railroad Supplies. 

9 2 Hydraulic Supplies. 9.24, Meters 9.25, Pipe. 9.26, 
v Valves. 

9 3 Labor. 

PRICE LIST. 

i-O Materials and Elementary Shapes. 

LI Chemicals, etc. 

Sulfate of aluminum, $1.45 per 100 lbs.* 

Sulfate of copper, $4.45 per 100 lbs. 

Soda ash, 58%, $1.25 per 100 lbs. 

Hypochloratc of lime, $2.00 per 100 lbs. 

_ Chlorin e, liquid—, $4.50 per 100 lbs. 

•Engineering News-Record, 1925. 
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1.13 Preservative 


1.331 Paints. 

0.5 cts per sq ft per coat of paint. 

Paints, in oil, $2.50 per gallon. 

In cents per pound: 

Lead: white foreign, 18; American (white), 14 to 15; 

red foreign, 20; red American, 14. 

Zinc oxide, American, 18; Paris, 20 to 25; Antwerp, IS 
to 20. 

Note; foreign material subject to duty 
Lampblack, 25 to 40 cts per lb. 

Colois cts per lb. 

Blue Chinese, 100. Prussian, 60. IJltrantarme, 40. 

Brown Vandyke, 25 to 20. Greene Chrome, 20 lo 25. 
Sienna, Burnt—, 20 to 25 Umber burnt raw, 20 to 25. 
Metal coatings, $2.00 to $5.00 per gal. 

Fillers, Oils, etc., $0.60 to $1.00 per gal up to $2.00 
Linseed oil, $1.00 to $1.20 per gal.* 

Turpentine, $0.90 to $1.20 per gal. 

Plain varnish, $2.00 to $2.50 per gal. 

Linseed varnishes, $2 per gal. 

Shellac, $2 per gal 

Graphite pipe joint compound, 24 cts per lb. 

*.133 OeoNotlng, Impregnating, etc. 

Creo-resinate and creosote process, 15 to 25 cts per cu ft. 
Creosoting varies from 25 to 40 cts per cu ft of material 
for various degrees of saturation. Subject to market 
price fluctuations 

1.14 Explosives. 

Gunpowder, 20 cts per lb. Smokeless powder, 60 eta per lb. 
Dynamite, 15 to 25 cts per lb for grades varying between 
20 and 75% nitroglycerin.* 

Blasting caps, $7 00 per 1000. 

1.3 Wood, Lumber, Timber. 

Lumber in dollars per 1000 ft B.M. (Board Measme) 

Black walnut, 250. 

Douglas fir, 20 to 50 and 75, varying with location. 
Hemlock, 23 to 75. 

Long leaf yellow pine, 3" x 4" to 12"xl2", 48 to 56. 

12" x 12" to 16" x 16", 56 to 71. 
Southern pine, 57. Spruce, 35 to 88. 

White ash, 130. White oak, 180. 

Yellow pine, 25 to 60, average, 35 to 40. 

Yellow poplar, 85 to 130. 

Shingles, Cypress—, 5 to 10 cents per sq ft. 

Red cedar—, 6 to 7 cents per sq ft. 

Asbe3tbs and composition—, see 1.9. 

Clearing and grubbing, see 2.11. 

Piles, see 1.23. Ties, see 9.14. 

1.23 Piles. 

Piles, 50 to 70 cts per lineal foot. 

Piling, round or sheet—, 70 to 125 cents per lineal foot 
1.3 Stone, Concrete, Asphalt. 

Earthwork, Dredging, Foundations, see 2.1. 


i.31 Rond Materials.* 

Cents per gallon, carload lots, 

Binder, 7, Flux, 7, Liquid Asphalt, 7. See also 1.3.». 
Granite Blocks (28 to 30 per sq yd) $132 to $142 per 1000 
Flagging, 4" to 5" wide, 25 cts per sq ft. 

Curbing, $1 per lineal foot. 

Wood block, $2 00 to $2.85 per sq yd. 

See also 1.33, Asphalt. 


•Engineering News-Record, 1925. 
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1.33 Stone. 

Sand, $1.00 to $1.60, southern cities, $2.00 per cu yd.* 
Giavel, $1.50 to $2.25 per cu yd, southern cities. $2.50 or 
more. 

Bj "ken stone, $1.10 to $2.50 per cu yd.* 

Ti.ip rock* $2.00 per ton at quarry 

Oi din ary building stone, $2 to $lu per cu yd 

Granite, $25 to $75 per cu yd. 

Hoofing slate, No. 1 ribbon, uy» cts per sq [(. 

Slag looting, $1.50 to $2.50 per ton In carload lots 
Slag, crusht—, carload lots, $1.30 per cu yd * 

1.33 Asphalt. 

5 to 7 ets per gallon.* 

Mexican--, bulk, $18 to $23 per ton, in packages, $23 
to $27 * 

Texas bulk, $21 to $25 per ton: in packages, $27. 

I'aving, see 2.4. 

1.34 Cement, Lime, Plaster, etc. 

Sand, see 1.32 

Vatuial cement, $1.35 to $2.80 pel bbl, for 500 hbb oi over, 
oxclusiv of bags.* 

Poitland (aititieial) cements, $2 15 to $2.60 per bbl in car¬ 
load lots, exclusiv of bags.* 

Bags, 10 cts each, 40 cts per bbl.* 

Lime, lump—, $1.50 to $3 50 per bbl. 

Hydrated lime, $15 to $25 per ton.* 

Blaster, $2.25 to $3.50 per bbl. 

Gypsum plastei, m at, $20 per ton. 

Plaster board, see 1.0. 

Concrete construction, see 2.35. 

1.35 Brick, Tile, (.la**. 

Sewer pipe, see 0 255. 

1.351 Brick. 

Paving, see 2.4 
Building brick per 1000. 

Common—, $12 to $20.* 

Salmon—, $18 to $22. Hard—, $22 to $25. Dressed—, 
$30 to $55 Colored—, $35 to $60. Iron spots—, $ 60 . 
Fire buck, $40 to $55. 

Vitrified paving brick, $25 to $45. 

1.353 Tiling. 

Hollow tile, 8" x 12" x 12", carloads, 11 to 20 cts per block;* 
smaller lots, 15 to 30 cts 
Roofing tile, $15 to $50 per 100 sq ft. 

1.4 Iron and Steel. 

(Freight rates, cts per 100 lbs, from New York City, in 
carloads of 36,000 lbs; to Baltimore, Md., 31 Birming¬ 
ham, Ala., 58, Boston, 37; Buffalo, 27, Chicago, 34. Cin¬ 
cinnati, 29; Detioit, 29; Kansas City 74; New Orleans, 
67; Norfolk, 34; St. Louis, 43, St. 1‘aui, 60.) 

L41 < aM t Iron ami Steel. 

Cast iron pipe, see 9.251. 

Pig iron per ton of 2240 lbs at foundry, $40. Bessemer—, 
$40 to $50 Gray Forge—, $40, Lake Superior Char¬ 
coal—, $4 5 to $55. 


•Engineering News-Record, 1926. 



1404 


PRICE LIST. 


1.43 Rolled and Structural Iron and Steel. 

Iron and Steel:—Refined iron bars and steel bars, angles, 
ordinary sizes, T-shapes, beams and channels, structural 
shapes, tank plates, structural plates, bessemer ma¬ 
chinery steel, 3 to 4% cts per lb.* 

Reinforcing bars, dollars per 100 lbs, warehouse,* 


Size V' %" Vi" 

From . 3.00 3.20 4.00 

To . 3.50 3.50 4.25 


Expanded metal 

Pounds per sq ft, 0.25 0.50 1.02 2.04 

Cents per sq ft, 11 8 I 7 

Metal lath, 4 cts per sq ft. 

Steel rails, see 9.11. 

1.431 Sheet and Plate Iron and Steel. 

Gage, 14 to 16 22 25 28 29 30 

Cts per lb, 30 to 33 35 40 42 47 52 

Discount, 50%. 

Blue anneald—, 3% to 4 cts per lb. 

Black iron, 4 to 4% cts per lb. 

Galvanized iron sheets, 4 to 4% cts per lb. 

1.43 Fastenings. 

1.451 Nalls and Spikes. 

Nails, $3.50 to $4.50 per keg. 

Spikes, railway—, 4 cts per lb. 

1.452 Rivets. 

%" and tV', 7 cts per lb. 

and larger, 6 cts per lb, to as low as 2.6 cts per lb in 
carload lots. 

1.434 Bolts and Nuts. 

Bolts and nuts (machine) per 100, square or button heads, 
length under head, 2". Discount, 50%. 

Dlam in inches, x k % 1 

Dollars per 100, 2 40 7.80 17.00 35.00 

Extra per inch 

over 2". 0 80 0.60 5.00 12.00 



♦Engineering News-Record, 1925. 
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1.457 Chains. 

American coil chain, 

Inches, A V* % 

Cts per lb, 20 15 10 

1.40 Tubes. 

See 9.25, &c. 


Vi 

9 


% 


8 


1.47 Wire, Wire Rope, Fencing. 

Hoisting and conveying machinery, see 3.5. 


1.471 Wire. 

Hoisting Rope, extra strong cast steel, 5% cts per It 
length per ton of working load, for diams 1" to 2 %". 
6% cts per ft length per ton of working load for diams 
as small as 

Extra pliable, 6% t<* 8 V 2 cts per ft per ton of working 
load, for diams 2%" to 1". 

1.47a Wire Fencing. 75 cts to $2.00 per 16 Ms ft 

length. 

1.473 Wire Rope. 

60 cts per sq inch of cross section per ft of length 

See also 1.471. 


1.5 Other Metals and Alloys. 

Sheet brass, 30 to 60 cts per lb, depending upon width. 
Soft copper, 60 cts per 1 lb. 

Pig lead, 9 cts per lb. Galvanizing, 2 cts per lb. 
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1.6 Paper. 


Tar—, $2.00 to $2.25 per roll of 108 sq ft. 
Tard fell, $2.50 to $2.25 per roll. 

See also 1.9, Other Materials. 


1.7 Hopes. 

Wire ropes, see 1.471-3. 

Manila, plain or laid, 25 eta per lb. Sisal, 20* cts 
Twine, 15 cts per lb. Oakum. 12 to 15 cts per lb 

1.8 Packing, Gaskets, Belting. 

Rubber belting, ets per ft one inch wide, 

2-ply, 6; 3-ply, 8; 4-ply, 9. 

Leather belting - , » 

width, ins, 1 6 12 2i 

$ per ft, 0.09 0.82 2.00 5 00 

Pipe jointing supplies, see 3.263. 


per lb. 


20.00 


1.9 Other Materials. 4 

Gypsum plaster board, V\ $45 to $50 per 1000 sq ft. 

Tar felt, 14 lbs per 100 sq ft, $84 per ton. 

Tar pitch, $1.85 per hbl. Asphalt roofing, $38 per ton. 
Asbestos shingles, 15 to 29 cts per sq ft. 

Composition shingle, crusht slate surfaced, 6 to 7 cts per 
sq ft. 


11.0 Construction*. 

Waterworks supplies, see 9 2. 

Railroad .Supplies, see 9.1. 

2.1 Earthwork, Dredging, Foundation*. 

-.11 Excavation and Embankment. 

See also page 1024, etc. 

Clearing and grubbing, $50 to $250 per acre. 

Earth excavation, $0.50 to $2.50 per cu yd. In trenches, 
$2.00 up, according to depth. 

Rock excavation in large masses, $1.25 to $4.011 per cu yd 
In small or difficult places up to $8 per eu yd. 
Embankment, $1 to $3 per eu yd 
Rock filling, $3 to $8 per cu yd. 

Sodding, $0.60 to $1.00 per sq yd. 

2.12 Dredging. 

10 cts to $2.00 per cu yd, according to material, haul, etc. 

See also p. 581 w. 

2*13 Foundation*. 

Piles, see 1.23. 

2.2 Masonry. 

2.21 Brick Masonry. 

$10 to $15 per 1000 plus cost of bricks. 

Brick chimneys, dollars equal 8.3 x height x diam (in 
feet) for abt 50' ht, to 5.2 x height x diain (in feet) for 
abt 200' ht. 

Bricks, see 1.351. 


2.22 Stone Masonry. 

Rubble, dry, $4 to $15 or more per cu yd. 

in cement, $7 to $20 per cu yd. 

Granite coping, $50 to $70 per eu yd 
Plain collar masonry, $8. 

Stone, see 1.32. 


2.23 Concrete and Cement Masonry. 

In place, dollars per cu yd,— 

Class A, IS to 30; Class 11, 14 to 20; Class C, 11 to 18: 
Class D, 8 to 10. 

Walls and chambers, $12 to SI 5 per cu yd. 

Floors and Sidewalks, $9 to $11 per cu yd. 

Cement, see 1.34. 

Concrete Mixers, see 3.64. 
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10 ft. 
$1 to $3. 


wide, 


2.24 Plastering. 

Three-coat work, $1.20 to $1.75 per sq yd. 

Lathing, 25 to 35 cts per sq yd. 

Wall board, 4 cts per sq ft, plus labor. 

Sheet plaster, 6 to 8 cts per sq ft. 

Wire lath-and plaster partition wall, $4 per sq yd. 

2 ,;t Metal Structure#. 

3% to 4 cts per lb. 

2.33 TankN, Stacks, etc. 

Pipes, see 9.25. 

Standpipes, 22 x 60 ft, including foundations, $12,000. 

2.34 Hollers. 

Upright tubului boilers with base and fixtures. 

]H1* 4 12 30 50 200 

$ 300 450 700 900 3000 

Fireproofing, Concrete-Metal Construction. 
Covering colums and girders, 50 cts per sq ft. 

Walls, $1 40 to $3 00 per sq yd. 

Wall fuiung, SO cts to $1 25 per sq yd 
Metal lath, etc., see 1.43. 

2.4 Pacing. 

Dollars per sq yd. 

Asphalt, 3 to 4.50. Belgian Block, 3.50 to 5.00, 

Brick, 2 to 2 75 Macadam, 1.25 to 2.00. 

Cellar Hours, 2 25 to 3.75. Sidewalks, 2.00 to 5.50. 

2.5 Sewers. 

From 6" to IS" diurn, dollars per ft run. 

Depth below surface 5 ft 

Excavating only. $0.60 to $2.00 

Laving pipe, ex< lusive of excavating, per ft. 

15 inch, $0.50 to $1 00. 4 inch, $0 40 to $0.80. 

Brickwork in sewers, $25 per cu yd. 

Excavating, using large excavator, 7 ft deep, 20 
60 cts per ft of length, or 5 cts per cu ft. 

2.7 Hoofing. 

Asbestos. 10 cts per sq ft 
Shingle, 25 cts per sq It 
Slag, 10 cts per sq ft and up. 

Slate. 20 cts per sq ft and up. 

Skylights, $1.10 per sq ft and up. 

3.0 Machinery. 

3.2 Tool#, Machine Tool#. 

3.21 Hammer#. 

Riveting, $65; chipping, $50. 

$165. 

Portable electin' drills, for metal, from $25 for ft" hole to 
$200 for 1 %" to 2" hole. 

Pneumatic stone drills, $12 to $17. 

Air drills, $80 to $200, according to capacity. 

I lock dulls. , ia * ,r 

Depth o! hole, ft. 1 
Fiiee, $200 $-00 

Electric hammei drills, for holes in stone, 
from $150 u. $225 lor 2" holes. 

Diamond rotary drills, 

Depth of hole, ft, 40( 0 10 0 

PHce rHP .::::::::::: $sooo tsm 

3 d 4 U XP ' 0a Vt l’lpe £ t'u*llilB, Tapping and Jointing Machinery. 

3 202 Tapper#. 

' Dry pipe $30 to $50 each. Under pressure, $125 and up. 
3 .2113 ’ Jointers. 

Riam, Ins - - - 

Price, each . 


Concrete breaking tool, 


25 to 35 
$400 


1000 

12 

$3500 


800 

10 

$3000 


$25 


72 

$50 
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3.3 Engines. 

Pumps, see 3.4. Boilers, see 2.34. 

Portable engines, 10 IIP, $600 and up. 25 HP, $850 and up. 
50 HI*, $1300 and up. 

3.31 Stationary and Hoisting Engines. 

Air Hoists, geared, from $200 for 1-ton cap,, to $800 for 

10-ton. 

From $25 to $35 per IHP for medium sizes. 

Single cylinder stationary engines, 

HP 12 30 50 100 200 300 

Price, $840 $1500 $1700 $2400 $4000 $6000 

3.4 Blowing and Pumping Mnchinorj. 

3.41 Compressors. 

Portable gasoline-driven compiessors, from $1200 to $1400 

for 10(Weu ft of free air per min, to $3500 for 300 eu It 

3.43 Hydraulic Bams. 

$3 to $5 tunes square of diam of drive pipe m inches. 

3.4U Pumps. 

$25 to $50 per IIP. 

For unwatering excavations, $100 to $135 pei HP 
Pulsometers, $25 to $45 pei HP 

Artesian well cylinders (not including - the pump at the 
surface), 

Cap, gals per 

stroke, *4 Vi> 1 2 i 7 lo 

Price . $20 $35 $7". $140 $250 $400 $1200 

Centrifugal, $20 to $30 per HP 

3.5 Hoisting and (iinu‘>ing Machinery. 

Belt convovois, poitable, $5 <hi to $1800. 

Bucket loaders, about $4000. 

Electrical—, see 3 1. 

Excavating machinery, see 3.6. 

Hoisting engines, see 3.31 

Wire rope, see 1.473. 

3.54 Elevators, Hoists, Derricks. 

Hoisting etabs, on winches, H to 2 x k tons cap, $70 to $150. 

Differential hoists, H to 3 tons, $35 to $90. 

Derrick, guy—, 

10-ton capacity, $400 to $800. 

20-ton capacity, $800 to $1700. 

Derrick, stiff-leg, hand-power, 1-ton, $200 

Deriick, stiff-leg, without hoisting ui powei devices, 
10-ton, $750; 20-ton, $1400 

Derrick, stiff-leg with bull-wheel, 10-ton, $1200, 20-ton, 
$2300. 

Hand w'inehes, pull of 2 men on single line, 900 lbs. $ ( >0, 
3000 lbs, $80 to $150. 

Electric hoist, without motor, double friction drum. 

Pull on line, 3000 lbs, $1400 to $2500, 12,000, $9,000 

Steam hoisting engine, drum—, without boiler, 

HP, 8 20 45 

$1000 $1500 $2400 


3.8 General Construction Machinery, Excavators, etc. 

Hoisting and conveying, see 3.5. Hoisting engines, see 3.31 
Drills, see 3.23. Explosives, see 1.14. Excavation and 
Embankment, sec 2.11. 

Trucks or trailers average $250 each. 

3.81 Trench excavators. 

Trench Excavators, $5500 to $12,000. 

3.83 Pile Drivers. 

Pile Drivers, $500 to $2500. 

3.63 Shovels, Scrapers, Plows, etc. 

Steam shovels, about $10,000 each. 

Wheeled Scrapers, $40 to $60 each. 

Drag scrapers, $10 to $15. 

Plows nn to $55 each. Hardoan dIow. $70. 
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3.04 Concrete Mixers. 

Concrete mixers, $300 to $1500. 

3.65 Diving and Diving Apparatus. 

Complete outfit. For shallow water, $300; for moderate 
depths, $600; for deep sea, $1000. 

3.(W .Cement Guns. 

Cement gun only, $7 to $14 per cu ft of free air per min. 
Compressors, see 3.41. 

3.07 Wells and Well Driving Machinery* 

Well strainers, $2 to $4 per lin ft per inch diam of pipe 
up to 10" diam. 

Foot valves, $2 to $10 per inch diam inside of well casing, 
2" to 10". 

Drills, see 3.23. 

3.08 Road Making Machinery. 

3.081 Rollers. 

Tandem, $2500 to $4500. Three-wheel, $2500 to $7500. 
3.083 . Rock and Ore Crushers. 

Receiving Capacity HI* Cost, 

Cap, ins tons per hr required dollars 

8x14 10 to 15 10 to 12 1000 

10x18 16 to 24 15 to 20 1500 

14 x 36 45 to 60 60 to 76 6500 

Concrete mixers, see 3 64. 

4.0 Engineering, Surveying and Scientific Instruments and 
supplies. 

Aneroid barometeis, $36. 

Current meters, $65 to $300. 

Direction meters, $200 to $250. 

Velocity register and time-piece, $15 to $60. 

Hook gages, $15. 

Thermometers for asphalt and sand, $3 to $5.25. 

Maximum—, $4 


4.2 Surveying Instruments. 

4.21 Transits, Plane Tables, Compasses, etc. 

Transits, plain, $250 to $300, 

Engineers’ complete transits, $300 to $500. 

Mining tiansits, $300 to $400 and up to $750. 

Mountain transits, $150 and up to $400. 

Theodolites and poi table alt-azimuth astronomical instru¬ 
ments, $600 to $ 1200 . 

Solar attachments, $60 to $80. 

Sextants, $70 to $150. Pocket sextants, $60 
I‘lane tables, complete, $100 to $450. 

Compass, pocket—, $15 to $30 

4.22 Levels. 

Engineers’ levels, $125 to $225. 

Hand levels, $6 to $20, usually about $10. 


4.23 Rods, Tapes, etc. 

Leveling rods, $15 to $20 each. 

Range poles, $3 to $6. , , 

Tapes from 6 to 30 cts per ft, depending upon graduations 
and length. 

Chains, 8 to 12 cts per ft. 


4.3 Computing Instruments. 

Planimcters, $15 to *3T5, average, $40. 
Slide rules, Mannheim, $;> ,nrm 


Other forms. $$ to $12 and 


Computing machines, 00 to $300, and special electric 
dri.ve up to $700. 
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4.4 Drawing Instruments and Materials. 

Drawing- paper, "detail,” 15 cts to 20 ets per sq Inch of 
sheet per ream. 

Tracing- paper, 42" wide, 4 cts to 12 cts per yd. 
Cross-section paper, 8 b 2 x 11, $1.35 per 100 sheets. 

Drawing instruments, $10 to $30 per set—very elaborate 
sets up to $100. 

Drawing pens, $1 to $3 each. 

Compass, $3 to $9. Dividers, $1.50 to $4 50. 

Triangular boxwood scales, 12", $1 to $3 
Metal straight edges, 36 inches long,*$3 to $5 
T-Squares, 36" with celluloid edges, about $2.25. wood, $1 
to $2.40; steel, $7 to $ 1 u, usually with adjustable angle. 
Triangles, celluloid. 6", 40 to 65 cts. 12", $1 to $1 50 
French curves, celluloid, $0 5ft to $1 50 
Protractors, German silver, 4", $0.50 to $2.00; 6", $1.50 to 
$5, with arms 6", $9; 8", $12. 

Drafting machines, $60 to $125. 

Drawing inks, 25 cts per bottle. 

4.5 Heliograpliy. 

Blue prints, 2 to 3 cts per sq ft. 

Blue print paper, 1% to 2 cts per sq ft. 

8.0 Miscellaneous Supplies. 

0.1 Railroad Supplies. 


0.11 Ralls. 

Steel rails, standard, $43 per ton; Light (8 to 45 lbs), $30 
to $36, Rerolled, $28,* Old, $25 per ton. 

0.12 Joints. 

3 to 5 cts per lb. 

0.14 Ties. 

Chestnut, $3 each, White Oak, $1 to $2 each; Yellow Pine, 
$1,50 to $2 00 each; Douglas fir, $1. 

Miscellaneous treated ties, about $1 50 to $2 each. 

Tie plates, 10 to 30 cts each. 

B.15 Spikes. 

Spikes, 2 Vi to 4 cts per lb.* 

0.10 Bolts. 

Holts, 3% to 6 cts per lb. 

0.17 Angle Bars. 

Standard section angle bars, 2 Vi to 4 cts per lb.* 

0.2 Hydraulic Supplies. 

Gaskets, see 1.8. 

Stand Pipes, Tanks, see 2.33. 

Pipe Cutting and Tapping Machines, see 3 26. 

0.244 Chlorinating Apparatus. 

Chlorinator, $400 to $800. 

0.24 Water Meters. 

so cts to $1.20 per gal per min. 

From %" to 1", $12 to $27; 2", $61 to $72; 4". $205 to $240; 
6", $360 to $407; 10", $825, 16", over $2000. 

0.25 Pipe. 

Pipe Cutting Machinery, etc., see 3.26. 

Pipe laying, see 3.6. 

0.251 Cast Iron Pipe. 

$40 to $60 per ton. 

0.252 Steel Pipe. 

Steel Pipe at works, 5Ms cts per lb. 

Spiral rivett 
Diameter 
From ... 

To . 

depending upon thickness or strength. 

Asphalted, 10% more for large sizes, 25% more for small. 
Galvanized, 35% more for large sizes, 55% more for 
small sizes. 


, plain~end, 
3" 6" 

dollars 

12" 

per foot. 
18" 

24" 

30" 

•0.24 

0.57 

1 45 

2.75 

3.70 

5.90 

0.34 

1.10 

2.82 

4.30 

5.70 

7.10 


'Engineering News-Record, 1925. 
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9.253 Wrought-Iron Pipe. 

Wrought lion Pipe, IB cts per lb. 

Ingot Iron Culverts, dollars per foot, 

Pi a m, 8" IB" 20" 24" 26" 42" 48" 60" 72" 

l<’rom 1 1% 2 3 B 5% 6 10% 12% 

To 6 7 8% 13% 15% 


84" 

18 

22 % 


11.2,14 Wood Pipe. 

Machine Banded 50 It head, 10 cts per inch per ft 
100 ft head, 20 cts per inch per ft 
9.255 Sewer Pipe. 

Drain T j?, dollars per thousand lineal feet,* 

Size 3" 4" 5" 6" 8" 

Fiom 40 40 70 70 160 

To 50 70 100 130 200 

Sewer Pipe, dollars per foot, stamlaid pipe.* 

Size 3" 6" 12" IS" 24" 30" 

From 0 10 0.13 0.36 0.65 1 21 2.66 

To 0.12 0 21 0.66 1.53 2.16 3.75 


diam. 

diani 


36" 

3.95 

5.42 


9.256 Ho.se. 

Water Hose, cents per inch of internal diam per ft or 
length, 

2-rly 4-ply 6-ply 

25 40 60 

Air. Hot Water and Steam Hose, cts pei inch of internal 
diam per ft of length. 

1 -piv 6-ply 8-ply 

75 110 140 


Mhignieeiing News-Record, 1925. 
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9.24J Valve*. 

Single or double gate valves, iron body, bronze mountings. 

Pressure, lbs per sq in. 

Tested to 200 400 600 

For Water. 100 250 400 

For Steam . 35 125 . 250 

Approximate 

Diameter prices in dollars, without discounts. 

2" . 6- 7 8- 15, 23 11- 27, 35 

6" . 28-31 32- 50, 65 50-100,115 

12" . 75-82 115-185,215 150-335, 390 

Working pressure, lbs/sq in, 30-40, . 100-125. 

Approximate 

Diameter prices in dollars. 

18" . 150 470 (double gate) 

36" . 700 


Check valves, Horizontal swing. 

Working pressure, 100 lbs/sq in for steam. 

175 lbs/sq in for water. 

Diameter, %" 1" 2" 4" 6" 12" 18" 24" 36" 

Prices each in dollars. 

Screwed ends, 1.40 2.15 8.50 20-27 31-43 97-175 230 400 1900 

Flanged ends, 3.40 4.15 14.00 21-47 33-45 95-170 225 390 1900 
for Working pressures of 250 lbs/sq in for steam, 

400 lbs/sq in for water, 

increase figures above by 20% to as high as 45% for small 
sizes. 

Fire Hydrants. From $20 for 2" valv and one 2" nozzle, 
to $50 for 6" valv and three 2 nozzles 


9.9 Labor. 

Bricklayers. *t $1.55 per hour in a belt about 400 miles 
wide, from Springfield, Ill., to New York, with maxima 
of $1.75 at those two cities, diminishing to $1.63 in Colo¬ 
rado and $1.30 on Pacific coast. Southern States and 
upper Lake region, about $1.25. 

Carpenters.*t $1.50 per hour in a belt about 200 miles 
wide from New York city to central Illinois, and about 
$1.60 in Colorado, grading off to $1.00 on the Pacific 
coast, and down to $0.70 or less in the east Gulf states 
$1.00 in the Lake region. 

Structural Iron Workers.*! $1.50 per hour from Illinois 
to New York city, except Ohio about $1.35, tapering 
rapidly to $1.10 and $1.00 on the Great Lakes, and to 
$0.80 in Georgia. New Orleans is exceptional with $1.25. 
West of Mississippi R to Pacific coast, about $1.10. 

Common Labor.* $0.80 to $0 90 from Chicago to New York 
city, grading down to $0.30 in Georgia and Alabama, 
and to $0.60 on the Great Lakes. West of Mississippi It* 
$0.50 to $0.60. 

According to Bureau of Labor Statistics, on May 15, 1925. 
the following averages were in effect:—Plasterers, 
$1,485; Plasterers’ laborers, $1.00, Bricklayers, $1.47*>. 
Stone Masons, $1,401; Slate and Tile Roofers, $1,419, Tile 
Layers. $1,325; Lathers, $1,398. Plumbers, $1,281; Plumb¬ 
ers’ laborers, $0,954; Inside Wiremen, $1,272; Steamfit- 
ters, $1,271; Structural Iron Workers, $1,271; Hoisting 
Engineers, $1,265; Cement finishers, $1,238; Painters. 
$1,232; Sheet Metal Workers, $1,209; Carpenters, $1.1®* 
Building laborers, $0,954. 


•Engineering News-Record, 1926, July 1. 
tAbout 5 to 10% higher in 1928. 
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The Billowing list ot bonks makes no pretensions to completeness 
It aims simply to be usefully suggestiv to the general civil engineer. 
The list is airanged incoming to the Decimal Cinssihcuimn ot Mel 
vil 1 >ewej. In this classihcation (see outline below) all subjects are 
arranged under ten general heads, and to each of these heads is 
assigml a number in the hundreds place, as Natural Science, 500; 
Useful Arts, tioo, etc. Then each general heart is divided into ten 
subheads, to each ot which it number in the tens place is assign*! 
Thus Natural Science (5<M>» is subdivided into Mathematics, 510; 
Astronomy, 520; Physics, 550; etc Again, each ot these is sub 
divided, and decimally numberd, and this successiv sulslivision and 
decimal enumeration may he continued indefinitely. To lind » suli- 
Jfi‘1, refer to the table below, and decide, lirst. under which ot the 
general heads it belongs, then under which sub head, and so on 
Thus. Plane Geometry is seen to belong (1> under Nat Se. 500. t2i 
under Math, 510. and (5> under (ieoni, 515. However, matter on a 
special subject is often containd in books on a more general sub¬ 
ject which embraces the special one Thus, matter pertaining to 
(loom (515» is found in many woiks which would be classified 
under Mathematics 151 (D Conversely, in looking for books on 
Mathematics, the sub-heads. Algebra, Geometry. etc. should be eon 
suited as well. In general, it is advisable to look under all beads 
that may contain the information wanted. Thus, information on 
Lneomotivs may lie_ found under Mechanical Engineering, (521. or 
under Railroads. (525. To avoid duplication in such cases, however, 
one stieii head has usually lieen selected, and reference to it made 
under the other. 


Outline of Classification. 
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general 

022 

Mining, Evr’v’n, etc 

5t)(l 

NATURAL SCIENCE 

022 20 

Tunneling 

510 

Mathematics 

022.52 

Hydraulic Mining 

512 

Algebra 

(524 

Bridges and Roofs 

515 

(Ieometry 

021 2 

Girders 

514 

Trigonotnet r.v 

021 5 

Trusses 

515 

Descriptive Geometry 

024 0 

A relies 

5 It! 

Analytical Geometry 

02 1 X 

Draw Bridges 

517 

Calculus 

024 9 

Roofs 

519 

Probabilities. I yeast 

025 

Railroads and Roads 


Squares 

025 1 

Route Track 

520 

Astronomy 

025 la 

R. It Surveying 

52(5 

Geodesy 

o - •_» 

Trains. Cars 

52(5, 

,9 Surveying 

025.8 

Roads & Pavement 1 * 

550 

Physic* 

o '• 7 

Hydraulic Eng 

551 

Mechanics 

( S 

Irrigation 

552 

Hydromechanics 

027.7 

Dredging 

555 

Pneumatics 

027 8 

Dams 

55(5 

Heat 

02S 

Sanitary Engineering 

557- 

-8 Elee’y and Magnetism 

02 S. 1 

Water Works 

540 

Chemistry 

(»:*.(> 

Forestry 

550 

Geology 

(500 

Chem. Tecii’v Explosive 

000 

USEFUL ARTS 

070 

Manufactures Iron & St 1 

(510 

Medicine 

(59(1 

Building. See 721 

020 

Engineering 

091 

Constr’n & Materials 

020 

c Civil Kngineering 

091.1 

Wood 

020. 

1 Strength of Mater’is 091.2 

Stone 

021 

Mechanical Engin’g 
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Concrete 
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1 Steam Engineering 

091.57 
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2 Water Eng & Motors 

091 .7 

Iron and Steel 

021 
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021 . 
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740 
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321. 
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770 
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Abbreviations. 

A- 1>. Appleton & Co., 29-35 W. 32nd St., New York; 25 Beford 
Si.. (Co\eut Garden), London 

Al! -Alljn & Bacon, 50 Beacon SI., Boston, Mass ; 11 K. .'lllth St , 
New York; 1000 S. Michigan Ave, Chicago, 111. 

AO—Constable & Co., Ltd., 10 Orange St., Leicester Sq., London, 
W. C. 

It- Henry Carey Baird & Co., X10 Walnut St , Philadelphia. Pa 
Cl I—Chapman & Hall, Ltd., 11 Henrietta St., Covent Garden, Lon¬ 
don, W C. 2. 

01/--Crosby l/ockwood & Son, 7 Stationers’ Hall Court, Lndgate 
11 ill, lyondon, E C. 

(!- Ginn & Co., Boston, Mass. 

\j— .1. B. Lippineott Co, K. Washington Sq., Philadelphia. Pa. 
liG—Longmans, Green iV Co., Fourth Ave. & 30th St., New York: 
Boston & Chicago. 

W The Macmillan Co., (54-00 Fifth Ave., New York. 

MiG- McGraw Hill Book Co, 235) W. 30th St., New York, 
k kenouf Publishing . 25 McGill College Ave., Montreal, 
Canada 

SI?-- Sinunons-Boardman, 30 Church St., New York, N. Y. 

SC—Spoil A Chamberlain. 125-125 Liberty St, New \oik. 

T - Trautwine Companj, Box 20. Wallingford, Pa 
t S—Go\erm>'«‘nt Punting W , i t -Vnn"to!i. t> C. 

VN’- Jl. Van Nostrand Co., X Warren St., New York. 

W-- (ohn Wib'j A Soils, Inc, 132 Foiinh A\r, New York. 

Hook Si*es 

Tim following honk sizes have been recommended by the American 
Library Association — 

Na.ie 32mo 24mo lOmo 12mo Svo Ito Folio 

III. ins 1 to 5 5 to 0 0 to 7 7 to S NtnlO 10 to 12 12 to 14 

When width is 3/5 height % height —height 

book is railed “narrow" “square" "oblong." 

000 General. 

Allen. C !■’. Business Law for Engineers. 45(5 pp. (5 \ 9. 
l?m kram $1 on MeG 

Whipple, G C —. Vital Statistics. 2nd ed. revised and en¬ 
larged. 570 pp SO ills. 4 Va x (C'j Flexible. $4 <HI. 

1023. W. 

500 Natural Science. 

510 Mat hematics. 

Claudel, .1.— Handbook of Mathematics Translated and 

edited by (). A. Kenyon From the 7th French edition. 70S pp. 
422 ills. $5.50. MeG 

Huntington. E. V.—. Handbook of Matlic'oalPs for Engineers. 
A reprint of sections I & II of Marks’ Mech. Engr’s. Handbook. 
101pp. 5x7'4. Flexible. $1.50. 101X. MeG. 

Kose, \v. N.—. Mathenmties for Engineers. Part II. 433 pp. 

130 ills 5% x 8%. Cb»th $7.00. 1020. VN 
Webber, W P.—. Elementary Applied Mathematics. 115 pp. 

5 Vi x K 23 ills. Cloth. $1.25. W. 

Wynne, W. E —. and Spa rag" \ Wm —. Hnndltook of Engineer¬ 
ing Mathematic^ 2nd ed. revised and enlarged. 200 pp. Illd. 
41/. x <’.•%. Flexible Fahrikoid $2.50. 1020. VN. 
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510.8 Tables ami Mathematical Instruments. 

Barlow. Barlow's Tables of Squares, Cubes, Square Roots, 
Cube Boots, Reciprocals of all Numbers up to 10,000. 200 pp. 
i2mo. doth. $ 1 . 21 . iooi. SC. 

Biuhus, C.—. New Manual of I.ogurithms to Seven Places of 

Decimals. 0th ed. (>.’12 pp. 7 x 10. Cloth, $2.00. Half 
Morocco, $2 ,10. \ N. 

Chambers. Chambers's Mathematical Tables, consist ins of 
lioxnritfinis of NumlH'rs 1 to 108,000, Trigonometrical, 

Nautical ami Other Table's. 8\o. Clolh. $1.7*1. VN. 

liering, ('ail— Beady Reference Tables. 10(5 pp. 4 Vi x (i'h 

Flexible. $2.10. W. 

Hewex, 0 T.—. and Seward, II. I..— Design of Diagrams, 
and the Theory oj Nomograph y. 112 pp. 82 ills. 0 x 12 
$.100. 1112:5. Met 5. 

l.ipka, Joseph.—. (iraphieal and Mechanical Computation. 

Mil. I, Alignment Charts, 122 pp. Yol. II, Kxperimental 
Data. 1-1.1 pp 20.1 ill*. t» v 0. Clolh. $2 jmt vol. \\. 

.Molesuorth, \\. 11.—. Metrical Tables. 4th ed, revised and 
enlarged. 0.1 pp. 2 x .1. Cloth. $o 7.1 1018. SC. 

Pickworth, Chas N.—. The Slide It tile. 12th ed. 11S pp 
.*'.4 ills. Table. .1 x 7 1 » Cloth. $1 00. YN. Whittaker & Co. 
and Kmmolt & Co. London 

vonNegn, Baron - l.mrarit limic Tables and Numbers and 
Trigonometrical Functions. Translated by W. L. F. Fischer, 
(502 pp. 0x0 Clotli. $2.0t» Halt Moioeio $2.10. \ N 

Tables. Sim- also under subject in question, as Suiveymg. 
12(5.07, etc. 

512 Algebra. 

Chrystal. (5.--. Algebra 

Wentworth, <!. A— Complete Algebia. .121 pp. 12mo Hall 
Moloeco. $1.72. G. 

512 Geometry. 

Chauvmet. Win - . Geomefr> I, 

Wentworth, G. A--. J'lane and Solid Gcotnetij. Bevised ed 
472 ]>j>. Illd l2mo. $1 00 (5 

Analytical <iconic!rj, see .110^ 

Descriptive Gcomeir.i, see 111. 

Drawing:, see 71 <*. 

514 Trigonometry. 

Buchanan, A II.— Plane and Spherical Geometry 1% x 0'*j. 
Cloth. $1 oo. W 

Bidet, Paul B— and Davis, Alfied -. Plane Trigonometry 
201 pp. Illd. 1 '/> x 8 (Moth. $1 00. 1022 YN. 

Wentworth, G. A — . Plane and Spherical Trigonometry. 22.2 pp 
Illd. 12mo. Half Mor. $1.44. G. 

515 Descriptive Geometry. 

Blessing, G. F and Darling, L. A. . Elements of Descrip 

tive Geometry. 247 pp 0 x 0 187 ills Cloth. $2.10. W 

Faunep, Linus—. Descriptive Geometry. 02 pp. 01 ills. 8\o 
Cloth, (i. 

Kenlson, lCrrin—, and Bradley, II. C.—. Descriptive Geometi.v 
2nd ed. revised. 420 pp. Illd. 12rno. $2.(50. 1023. M. 

Drawing, 740. 

516 Analytical Geometry. 

Boyd, P. P.—. Davis, .1. M.— and Bees, K. L—. A Course 1» 
Analytical Geoinelry. Diagrams. Tables IVi x 8. Cloth 

2(52 pp. $2.40. YN. 

Wentworth, (1. A.—. Analytical Geometry. 3ol pp 12 nm. 

llnlf \fnrnpCA ‘SI K(l G 
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517 Calculus. 

Marker, Arthui II.—. Graphical Calculus. li>7 pp. 01 ills. 
Nun Ml. 

Hlaine, G.—. The Calculus and Its Applications. 330 ]>p. 

70 ills. x 7Ms. Cloth. 1000. VN. 

Granville, \V. A.— and Smith, 1\ F.---. Elements of the Lif¬ 
ter entail and Integral Calculus. 4(53 pp. llld. Svo. Cloth, 
(i 

Palmer, C. I.— . Practical Calculus for Homo Study. 443 pp. 

ISO ills Pocket-size. Flexible. $3.00. 10-3. Mod. 

'I'hornas, It. G—. Essentials of Applied Calculus Principles 
and Applications Diagrams. 5x S. Cloth. 420 pp. 
$3 50 VN 

319 Probabilities. Least Squares. 

de l.aplace, P. S M -- A Philosophical Essay on Probabilities. 
Translated by F. I. Emory (lilt French ed. 2tM) pp. Cloth. 
\Y. 

Johnson, \V. Woolsev— The Theory of Errors and the Method 
of Least Squares 1S2 pp 12mo. Cloth. 1004. \V. 

Hi 11rural), Mansfield The Method of Least Squares. 238 pp. 
S\n. Cloth 1001 VY. 


520 Astronomy. 

Doolittle, C. 1,—A Treatise on Praetieal Astronomy, 052 pp 
S\o Cloth. W. 

Ilosmer, (ieo. K-—. Praetieal Astronomy Text Hook and 

Field Manual 3d ed, revised 270 pp. SS Ills 1% x 7 i. 
n. xtble $2 75 1025 W 

While, C .1 , and Hlnckburn. P. P- The Elements of 

Theoretical anil Descriptive Astronomy. 320 pp. 5Vi x S. 
05 ills. Cloth. $3on 

Wring, C A-- A Textbook of General Astronomy for Col 
leges and Scientlire Schools. 030 pp. K\o. Half Mor. G. 


520 (Geodesy. 
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270 ills. :»'4xK $3.00. 1923. AlcU. 

Mover, .1 A— Steam Turbines. 5th ed, revised and enlarged. 

524 pp 0 x 9 231 ills. (‘loth. $4.00. 1924. W. 

Uo<\ .1. W— Steam Turbines. Theory, Design and Field 
Operation. 143 pp. 71 ills. (P/i x 9 ’/». Cloth. McG. 

<121.IS Steam Generation. 

Ilaeon, It. S. — and Ilamor. W. \—. American Fuels. 2 vols. 

1215 pp 3S2 ills 0x9. $12.00. 1922. McG. 

P.nslee, F .1 — -. An Introduction to the Study of Fuel. 291 
pp 01 ills 5 x 9 Cloth. VY 

1 Minn, .1 T- . Pulverieed and Colloidal Fuel. 1924. 7 x 9’4- 
Cloth 2oo pp $0 00 . VN 

Kent Win— Steam-Holler Economy. 2d ed, revised and 
enlarged 717 pp 2X0 ilk 0\9 (‘loth. $0 00 . W. 

Marks, L. S —, ami Davis. II. N- -. Tables and Diagrams for 
the Thermal Properties of Saturated and Superheated Steam. 
100 pp. 10 ills. $2 00 LG 

Marsh. T A—. Combustion in the Power Plant. 200 pp. 

5 x 7 !, i Cloth. $2.00. 1925. \ N. 

Steiun Heating;, see 097. 


021.2 Water Engines and Motors. 

Church, f. P—. Hydraulic Motors. 8vo Cloth. W. 

Marks, G. <’— Ihdraulic Power Eugineeiing. 2d ed. 235 
ilk 5% X Si/, $4 50. VN 

Mead D W- . Hydrology: The Fundamental Pasis of Hydrau¬ 
lic Engineering. 047 pp 0 x 9. Cloth McG. 

M\ver, A. F.—. The Elements of Hydrology. 499 pp. 287 
ills.' 0x9. (Moth $100 W. 

Hydromechanics, 532. 

Hydro-Electric Engineering, set 021 L-.» below 
Pumps, see 021.0. 

021.2-2 Hydro-Electrie Engineering. 

Koe'-ter Frank - Hvdroeleetih Developments and Engineer¬ 
ing. 2d ed. 475 pp 500 ills. 45 tables 7% x 10%. Cloth. 

Miill'.V.'li-" llydiwlcdrii' Hnsinwring. 4:t1 pp »»•"> 1l* ls - T ® 
tabh's. $0.00 G. E. Stechert & Co, l.*l 7S. -><h St.. New 

Mater Engines and Motors.^021.2. 

Electrical Engineering, 021.3. 

021.2 Electrical Engineering. 

Drvsdnlo C V— and .lolley, A C.~ Electrical Measuring 

Instruments. Part 1. 

ments 10°4 377 ills. 7x9’/,. Goth. 440 pp. $l-.,)ft. \ N. 

Fowl" F F— . Standard Handbook for Electrical Engineers 
5th ed. Thorolv revised. 2139 pp. Hid. Thumb-indexed. 
4 x ". Limp leather. $0.00. McG. 
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Gray, Alexander—. Principles and I'radlce of Electrical 
Engineering. 412 pp. 440 ills 7 x 10. Cloth. $3.00. McG. 
Uazeltine, L. A.—. Electrical Engineering. 023 pp. I lid. 8vo. 
$0.30. 1024. M. 

Karepetoff, V.—. Experimental Electrical Engineering. Vol I. 
3d ed, revised. 827 pp. 301 ills. 0 x 0 1 ,. t^loth $0 00. 

1022. W. Vol II. Manual for Electrical Tenting for Engi¬ 
neers and Students in Engineering Laboratories. 2d ed, cor¬ 
rected. 347 pp. 200 ills. 0 x 0>_i. Cloth W. 

Mansou, A. .7.—. Railroad Electrification and the Electric 
Locomotive. 332 pp. 14S ills. 0x0. $4 00. 1023. S-li. 
Mears, .1. W.—, and Neale, R. E.—. Electrical’Engineering Prac¬ 
tice. Vol. I. 4th ed, rewritten and enlarged. 3513 pp. 
3% x H\U. 02 ills. Cloth. $0.oo. 1021 W. 

Pender, Harold—. editor in chief Handbook for Electrical 
Engineers. 2d ed, revised. 2270 pp. llld. 4*4 x 7. Flexible. 
$0 00. 1022. W. 

Pender, Harold—. Principles of Electrical Engineering, lie 
vised. 43S pp. 138 ills. 0 x 1D£. Cloth McG. 

Sheldon, Samuel—, and Hausmann, 10.— Electric Traction and 
Transmission Engineding 2d ed, revised. 307 pp. 127 ill'' 
3 Vj. x 7%. Cloth. $3.00. VN. 

Sloane, T. OToner—. Standard Electrical Dictionary. New 
cularged. 700 pp. 407 ills. 0000 definitions. $3.00. 1023. 1». 
Steinmotz, C P.—. Theoretical Elements of Electrical Engi¬ 
neering. 4th ed. 383 pp. 104 ills. 0L x 0>4. Clolh. $3.0o. 
Me(l. 

Tinihie, W. II.—. Industrial Eledrlcitv 713 pp 3 1 ', x7'l- 
400 ills. 047 problems Cloth. 1024. $3.30. M 
Timhie, W. H.— and Rush. Vannevar-—. Principles of Electrical 
Engineering. 320 pp. 3', x 7\. 214 ills Cloth $4 oil 

1022. Answers to problems, 3 x 7'1. Paper. $0 23 \V. 
Woodruff. L. F— Principles of Electric Power Transmission 

and Distribution. 343 pp 0 x 0. llo ills. Cloth $4.00 
1023 W. 

V.lectricity and Magnetism, 337. 

621.4 Air, Gas and Other Motors. 

Carpenter, R. C—. and Diedrichs, II.—. Internal Combustion 
Engines. Theory. Construction and Operation. 61 o pp 37*' 
ills.' Tables. 0 x 0L Cloth. VN. 

Ilavey, Norman—. 'Hie tins Turbine. 262 pp 100 ills. 6 \ 41 
Cloth. VN. 

Daw, A. W.—. and Daw, Z. W— Oil and tins Engine Po*\ t 

1023. 232 ills. 81 tables. 7 >/. x 11 V,. Cloth. 401 pp $12 oo 
VN. 


Iliscox, 0. I)—. Compressed Air. 3th ed. revised. 663 pn 
300 111s. Cloth, $3.00. Half mor, $6 30. McG 

Marks. L. S.—, and McDewell, II. S—- tins and till Engines 
and Gas Producers. 360 pp 21.x ills. 4% x7' t . Le.iihn 
$2.00. VN. 

Marshall, W. .T. — and Sanltey. H. It.—. Gas Engines. 203 
pp. 127 ills. 6 x 8M-. Cloth. VN. 

Peele, Itobt.—. Compressed Air Plant. The Production, I >' :IU 
mission and Pse of Compressed Air, with Special Referen* rv> 
Mine Service. 4th ed, revised and enlarged. 331 pp. -** 


6 x 0. 
Wells, G. 

• 6th etl. 


l!—'«nd 4 W«lllR-TayliT. A. .1.—. Tin- lltawrt KW'J 

1024. 130 ills. 3'{. x 8%. Cloth. 340 pp *t ' 


VN. 
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(Eil.0 Blowing mid Pumping Enttinrs. 

I’.iin*, W. M rumpinif Machinery. O'/i x OVfc. 482 pp. 
2*7 ills. < loth. poo. L 

Daugherty, K. D —. Centrifugal I'umps. 202 pp. Ill ills. 
« x ?>. Cloth. $2 00. Met*. 

4lol4iV.il, C.,<J — • Centrifugul Pumping IHacliiner}. 184 pp. 

170 ills. 0 x 0. ('loth. Mdl. 

I leming, It. 1'.— . Practical Irrigation and Pumping, 212 pp. 

(12 ills, and diagrams. 1!) tables, a Vi x H. (’loth. .$2.00. W 
1 veils, E. M - . Pumping l»y Compressed Air. 2d ed, revised 
and enlarged. 1020. 20(1 pp. 0 x 0. 124 ills. Cloth. $4.00. 
W. 

Weisliaeh, Julius-— and Herrmann. (Justav . Mechanics of 
Pumpinu .Macliiner.v. .'loo pp 107 ills. <1x0. Cloth. $4 00 
Munn & Co., 201 It road way, New ynrk. 

(52I.N Transmission Meehan ism. 

Hess. II. M- . Machine Design; Hoists, Derricks, Cranes. 

:!7t pp 2IS ills. IS plates. OxOVj. Clolh. I.. 

Hetzel, F. V. . Belt Conveyors and Belt Elevators. 222 
pp. <1 x 0. 201 ills. Cloth. $5.00. 3022. W. 

Jones, F D.—. Mechanisms and Mechanical Movements. .*’.20 
pp. 0*4 x 0',| Cloth. $2.50. VN. 

Simmons Itoaidiuan Puhlibluug Co. Material Handling Cyclo¬ 
pedia. S50 pp. 1.50O ills. !> x 12. Itnckram. $lu,00. ljcatlu r, 
si5 oo. 1022. S-P. 

Zimmer, (I. F—. The Mechanical Dandling of Material. 2d 
ed Thorol.v revised. 1022. Over 1100 ills. 7Vi x 10%. Cloth 
824 pp. $15 00. VN. 

Principles of Mechanism. See also 521, Mechanics: <521. 
Mechanical Engineering. 

Electrical Transmission. See <521.2 Electrical Engineering. 

<522 Mining; Earth Handling. 

<522.2 Practical Mining. 

Ketchum, M. S—. The Design of Mine Structures. 475 pp 
205 ills. 05 tables. 0V> x 0. Cloth. Met;, 
l’eelo, Unlit—. Mining Engineers' Handbook. 2275 pp, Ilhl 
4x7. Flexible Eabrikoid. In one vol, $7.00; in two vols. 
$8 (Ml. W. 

'("ling, <’>. .1 —• Elements of Mining. 2d ed. (1x51. Cloth. 

$0.00 1022. Met;. 

Mine Surveying, see 520.0. 

Compressed Air, see <521 4. 

Explosives, see also 000. 

Retaining Walls, etc., see 721.1. 

022.21 Excavation. 

Cillette, H. P.—. Handbook of Rock Excavation. Methods and 
Cost. 825 pp. ISt ills. r»\ t x7Vg. leather. $0.00. Me<i 
Massey, C. 15.- . Engineering of Excavation. 270 pp. 0 x 0. 

100*ills. Cloth. $0.00. 1022. W. 

McDaniel, A It—. Excavation Machinery, Methods and 
Costs. 1st ed. 520 pp. Illd. 0x0. $5.00. Meti. 

McDaniel, A. It--. Excavating Machinery. 220 pp 124 ills. 

20 tables. O'/txO 1 ",. Cloth. $2.00. Mai. 

Prelini, ( has.—. Earth and Rock Excavations. 202 pp. 1(57 
ills. 8vo. Cloth VN. 

Earthwork, see also 025.lae. 

022.20 Tunneling. 

Itrnnton. D. IV - , Davis, .T V— and Davies, .T. V— Modern 
Tunneling 2(1 ed. Kr’Msed and enlarged. (522 pp. 0 x 0. 
110 ills. Cloth. $0.50. 1022. W. 
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Hewett, B. M. H.— and Johannesson, S.—. Shield and Com- 
presaed Air Tunneling. 4G5 pp, 170 ills. G x 9. $5.00. 

1922. McG. 

Lauchli, Eugene—. Tunneling. 238 pp. 197 ills. G x 9. Cloth. 
McG. 

622.32 Hydraulic Minin*?. 

VanWageneu, T. F.—. Manual of Hydraulic Mining. 18mo. 
Cloth. VN. 

Wilson, E. B.—. Hydraulic and Placer Minin*?. J2mo. noth. W. 

624 Bridges and Roof*. (Roofs, sec also 624.9). 

Burr, W. II.— and Falk, M. S.—. Graphic Mtthod by Influence 
Diagram* for Bridge and Hoof Compulations. 28G pp. 1G2 
ills. 8vo. Cloth. W. 

Dilworth, E. 0.—. Steel Railway Bridges: Designs and 

Weights 193 pp. 55 ills. 105 full-page plates. 12 1 /> x 9 h 2 
Cloth. $4.00. VN. 

Ilool, G. A.—. Assisted by F. (’. Tliiessen. Reinforced Con¬ 
crete Const!uctiou. Vol III; Bridges and Culverts. 710 pp. 
Over Goo ills. G x 9. Cloth. $5 00. VN. 

Ilool, G. A — and Kinne, W S.—. Stresses in Framed Struc¬ 
tures. G20 pp. I lid. G x 9. $5 00. McG. 

Hudson, C. W—. Deflections and Statically Indeterminate 
Stresses. 271 pp. 74 ills. 8 x 11%. Cloth $350. W. 

Johnson, J. B.—, Bryan, C W.— and Turneaure, F. E.—. The 
Theory and Practice of Modern Framed Structures. Part I. 
Stresses in Simple Stiudures, 12th thousand. 32S pp, llld, 
$3 50. Part II, Statically Indeterminate Structures and Sec 
ondary Stresses. 538 pp. 313 ills, $5 00. Part III. Design 
Rewritten by F. E. Turneaure and W. S. Kinne, $5.00. All 
9th ed. G x 9. Cloth. W. 

Ketcluim, M. S—-. The Design of Highway Bridge* of Steel. 
Timber and Concrete 2d ed, rewritten. 5GG pp. 340 ills 
G x 9. Flexible. $G.o<>. McG. 

Ketchmn, M. S—. Structural Engineers* Handbook; Data fm 
the Design and Construction ol Steel Bridges and Building'- 
3d ed, enlarge!. 10G5 pp. Illd. 17G tables. 7 x 9. Flexible. 
$7.00. 1925. McG. 

Kunz, F. C.—. Design of Steel Bridges. 49G pp. 52 folding 
plates. G3 tables. G x 9. Cloth McG. 

Marburg, Edgar—. Framed Structures and Girders; Theory 
and Practice. Vol I, Stresses, Part I. 501 pp. 325 ills. 
G x 9. Cloth. McG. 

Merriman, Mansfield— and Jacoby, II. S. —. A Text-Book on 
Roofs and Bridges. Part 1. Stre**e* in Simple Trusses Parr 
II, Graphic Static*. 4th ed, revised and enlarged. 304 pp 
1G2 ills. G x 9. Cloth. Part ill, Bridge Design. 5th ed 
422 pp. 185 ills. G x 9. Cloth. W. 

Morris, C. T. — . Designing and Detailing of Simple Steel 
Structures. 3d ed, revised and reset. 2G0 pp. 94 ills. G x 9. 
Cloth. McG. 

Spofford. Theory of Structures. See 531, Mechanics. 

Waddell, J. A. L.—. Economic* of Bridgework. 534 J>P- 
G x 9. Illd. Cloth. $0.00. 1921. W. 

Retaining Wall*, Foundation*, etc., see 721.1. 

Concrete Bridge* and Culverts, see also G91.3. 

Strength of Material*, see G20.1. 

624.a Trestle*. Viaduct*. 

Foster, C—. A Treatise on Wooden Trestle Bridges and Their 
Concrete Substitutes. 9% x 12. Cloth W. 
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62-1.2 Girder*. 

Moore, U E.— . Resign of Plate Girders. G x 0. Cloth. McG. 
Skinner, F. W.—. Plate Girders. (Vol. II of “Types and 

Details of Bridge Construction"). Cloth. McG. 

624.3 Tnfcsen. 

Greene, C. E.— . Bridge Trusses (Part II of Graphics for 
Engineers, Architects and Builders.) 11)0 pp. G x 5). $2.50. W. 
See also 024, Bridges and Roofs; and 024.0, Roofs. 

021.6 Arches. 

Greene, C. E.—. Arches in Wood, Iron and Stone. (Part 111 
of Graphic* for Engineers, Architects and Builders.) Svo, 
Cloth. W. 

LIool, G. A.—. Assisted by F. C. Thiessen. Bridges and Culverts. 
(Vol. Ill of Reinforced Concrete Construction). 700 pp. 
570 ills, it plates. 0x5). Cloth. $5.00. McG. 

Howe, M. A. —. Symmetrical Muaonry Arches. G x !). Cloth. 
W. 

Mela h, J.—. Translated by D. B. Stelninann. Plain and 
Reinforced Concrete Arches. 1GI pp. 43 ills. G x 0. Cloth. 
$2 50. \Y. 

Skinner, F. \V. -. Arch Spans (Vol. T of “Typ* s and Details 
of Bridge Construction"). 301 pp. 300 ills. G x 0. Cloth. 
McG 

Reinforced Concrete Arches, see also 05)1.37. 


624.S Draw Bridge*. 

l.altue, B. .T—. A <<rnphicul Method for Swing Bridges. 18mo. 
Hoards VX. 

Wright, C. 11 —. The Designing of Draw-Spans. 2 parts. 323 
pp. I lid. Svo. Cloth. $3.50. W. 

621.0 Roof*. 

Greene. C. E.— Roof Truaae*. (Part I of "Graphics for 
Engineers. Ai<*hitects and Builders.") Hvo. Cloth. W. 

Howe, M. A.—. The l)e*lgn of Simple Roof Trusses in Wood 
and Steel. With an Introduction to the Elements of Graphic 
Statics. 3d ed. Revised and enlarged. 181 pp. 5)0 ills Svo. 
Cloth W. 

Kidder. F. E.~ Trussed Roofs and Roof Truascs. (Part 111 
of Building Construction and Superintendence). 3d ed. 300 
pp. 30G ills. 6% x !>%. Cloth. $3.00. W. 

See also G24, Bridges and Roofs. 


625 Railroad*. 


American Railway Engineering Association. Manual of the Am. 
Uy. Eng Assn. ('loth, llld G x 0. Am. Ry. Eng. Assn., 
Monaduoek Block, Chicago. 111. 

Droege .1 A.—. Passenger Terminal* and Train*. 415 pp. 

220 ills. (5 x 0. Cloth $5.00. McG. 

Eaton, J. S.~ Hand Rook of Railroad Expenae*. 571 pp. 
7 x 5. Flexible leather. McG. 


1.Uvis, F_. Railway Estimate*. Design, Quantities and Costs. 

008 pp. 00 ills. 0 x 0. $5.00. McG. 

Raymond. W. G.—. The Element* of Railroad Engineering. 

4th ed 453 pp. 107 ills. G x 0. Cloth. $4.00. W. 
Simmons-Boardman Publishing Co. Railway Age. (Weekly 
Periodical). One year, $6.00. Two years, $10 00 S-B. 
Simmons-Boardman Publishing Co. Railway Engineering and 
Mainference Cyclopedia. 1000 pp. Hid. Cloth, $8.00. 
leather. $10.00. 1025. S-B. 
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Wcl)li, W. L.—. Railroad Engineering. 20(5 pp. 100 ilia. 
7 x llall moroiTu, Mumi & Co. 

Bridges. see (524. Electric Railways, see 021 ii. Locomotives, 
sec (521.1.". Tunnels, see (522 2(5. 

625.1 Route. Truck. Fixed Equipment. 

Allen, (’. F.—. Railroad Curves and Earthwork, tith od, re¬ 
vised. Jl(K) pp. 4 x 7. Flexible Fuhrikoid. $4 00. 11120. 

V N 

Camp, W. M.—. Notes on Track. 2 vols. W. M. Camp, Auburn 
Park, Chicago, 111 

Crandall, C. L.—, and Barnes, F. A.—. Railroad Construction. 
,T21 pp. 81 ills. (5 x II. Cloth. Med 

Gillctc, 11. P—. Handbook of Clearing and drubbing Methods 
and Cost. 241 pp !lid. 7 x N Leather, Jf2.r»<» Med. 

llowson, E. T—, and others. Maintenance of Way C.wlopedia 
8(50 pp 1 lid. 0x12 Cloth. $10 00 Leather, $1,7 00 S B 

King, E. K— Ruilwa.v Signaling. 55(50 ]>ji ".40 ills. (5 x 1) 
$4.00. 11(21 Med. 

I/Oveil. J>. 11 Practical Switch Work. Clark Book Co, 27 
William St„ New Yoik. 

Railway Signal Association Signal Dictionary. 0 x 12 755S 

pp 558855 ills. Full mot loco, or cloth Med 

Sellcw, W. 11. —. Railway Maintenance Engineering Willi 
Notes on Construction 5580 pp 200 ills. 7 1 , \ 7'A $55 00 
YN. 

Tratman, K E R— Railway Track and Track Work. 55d ed 
Rewritten. 7550 pp. 270 ills (I x 0 Cloth Med. 

Webh, W. L —. Railroad Construction. Theon and Piaetne 
7th ed, revised and enlarged. 8(54 ]»p 227 ills. 4'A x (I’*| 

Flexible. $7.00. 1022. W. 

Weiss, (’has — . Practical Railway Maintenance. 5540 ]>]>. ss 
ills. (5 x P. $55.7o 10255 Med 

Bridges, see (524 Railroad Stations, see 720. 

625.1a Location and Surveying. 

B« i ah.in. Willard- Field Practice of Railway Location. 270 
pp 455 ills. (5 x 5* Cloth. Med, 

Frye. A. I—. Railway Right of Way Surveying. 70 pp. <5 x !• 
Cloth. Med. 

Lavis. F.— Instructions to Locating Engineers and Field 

Parties. 44 pp. 10 folding: plates. <5 x 0 Cloth $1 00. Med. 

Searlcs. W. II.— and Ives, II. C— Field Engineering -V 
Handbook of the Theoiy and Practice of Railway Survo\inir, 
Location and Construction. Part I. Text Part II, Tables 
18th ed, revised and enlarged In one or two vols 55755 r 5571 
pp. 172 ills. Atholeather, $4.00 in one vol., or $2 70 each 
for 2 vols. W. 

Shmik, WTn F.—. The Field Engineer. 21st ed. Revised 
5574 pp. I lid. 4 x *5%. Flexible. $2 70. YN. 

Wellington, A. W—-. The Economic Theory of the Location 
of Railways. 1000 pp Hid. Xvo. Cloth W. 

See also 72(5.0, Surveying. 

027.1 ac R. R. Curves. 

Kurt#, C. M.—. Modern Location of Standard Turnouts. 
4x0%. 71 pp. 22 ills Flexible leather. $1.27. C M 

Kurtz, Sun Francisco, Cal. 

Perkins, I>ee— The Railroad Taper. 55(50 PP- -II HI* 

tables. 4x7. Flexible leather IV. 

Searlcs, W II,—. The Railroad Spiral. lOmo. Morocco. W'. 
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Talbot, A. N— The Railway Transition Spiral. 108 pp. 17 
ills. 20 tables. 4 x 0%. Flexible leather. $150. Med. 

(►25.1 ae It. It. Earthwork. 

Crandall, C I/.- . Railway and other Earthwork Tables. 0 x 0 
Cloth. W. 

dnrdncr, J*W F.—. Earthwork in Railway Engineering 1021. 

71 ills. 5'4 x H% Cloth Hit pp. 50 VN. 

Hudson. .1 R— Tables lor Calculating the Cubic Contents of 
Excavations and Embankments 8vo. $2.00. Cloth. W. 

Earth Handling, see 022.21. 

025.2 Trains. Rolling Equipment. 

Kirkman. M. M Cars, Their Construction and Handling 
050 pp. Hid. 5 x 7U Halt leather. $4.00. 1010 VN. 

\\ light, R V —. and Augur, It. C Car Ruilder’s Cyclopedia 
1150 pp. 2K4S Ills t» X 12 Cloth, $S oo. Leather, flooo. 
1025. S 1*. 

Locomotives, see 021.111. 


025.S Roads and Pavements. 

\gg. T K — Construction of Roads and Pavements. 2d ed. 
reused and enlarged 510 pp 100 ills. (Toth. $1.00. 0 x 0 
1022. Med. 

Raker, 1. O.— A Treatise on Roads and Pavements 2d ed. 
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W 

Resson, F S.—. City Pavements. 421 pp. 200 ills. 0x0. 
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Rl.utefiard. A II and others. American Highway Engineers' 

Handbook. 105S pp 111(1. 4>, x7. Flexible $0 00. W 
Elements of Highway Engineering 520 pp 202 ills. 0x0. 
Cloth $2 00 \V 

Chatham. (1. R— Highway Engineering: Rural Ronds and 
Pavements. 270 pp. ISO ills. 5*4 x 8. Cloth. $2.00. 11)21. 
W 

Frost, Harwood—. The Art of RoaUinaking 502 pp. 202 ills 
0\ 01, Cloth Me(I. 

doodell, .1 M. - The Location, Construction and Mainte¬ 
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55 ills. 4 1 , \ 7. Flexible $2.50 W. 
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«2«-7 Hj drnnlfe Engineering. 

dieene. Carlton- Wharves and Piers! Their Design, Con- 
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Hoyt, .T. (\— and drover. N. C.—. River Discharge. 4th ed, 
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(Toth. $2 50. 


Hunter, W. II— Rock and Lock Machinery. 1! 

07 ills. 5>4 x 8^,. Cloth 222 pp. $4.50. VN. 
MacElwee, R.“ A — Port Development. 456 pp. 
0 x 9. Cloth. $5.00. 19-*5 Mod. 
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Cloth. 4.00. W. 

Gerhard, W. I\—. The Sanitation, Water Supply and Sewage 
Disposal Country Houses. 2d ed, revised. 5% x 7%. 
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Flinn, A. D—. Weston. R. S.—, and Bogert. C. U—. Water¬ 
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Trees. 804 pp. 781 ills. 8vo. Cloth AC. 

Brown, N. C.—. Forest Products: Their Manufacture ami 
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(*tM> Building. 
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603 Masonry. 

I hiker, 1 o,— A Treatise on Masonry Construction. 10th ed, 
rewritten and enlarged. 762 pp. 244 ills. 100 tables 
5' l t x 51 *,. Cloth. W. 

Hilbreth. F. P, - - Bricklaying System. 330 pp. 171 ills. 

XI charts and plans. *» */* x 0. Cloth. McH 
Hammond, A— Practical Bricklaying. In 6 sections. 14th 
ed, revised. Ills. Tables. 5 x 7*A. Cb.th 12X pp $1.00. 
VN. 

Spalding, F P.— Masonry Structures. 404 pp. 120 ills. 

0x9. Cloth. $3 50. W. 

Williams, C. C-. The Design of Masonry Structures and 
Foundations. 550 pp. Hid 6x0. $5 00. 1022. McH. 
Dams. See 627 X. 

See also (501.2, Stone: 601.3, Concrete; (501.37, Reinforced Con¬ 
crete. 
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691.2 Natural Stum*. 

Eckel, B. C.—. Building Stones and flays*. Their Origin, ( bar- 
act eristics and Examination. 270 pp. 2.7 ills, 115 tables 
0 x 9*4. Cloth. W. 

GHImore, (J. A.—Heport on the Strength of Building Stones n. 

the United States. Illd. Svo. Cloth. VN 
Merrill, (1. I* —. Stones for Building; mid Decoration. 507 
pp. 2,2 plates. 24 ills. Svo. Cloth W 
Kiehardson, C. 11.—. Building Stones and Clays. A Handbook 
for Architects and Engineers. 451 pp. 313 ills. 0x!» l/ ,. 
Cloth. $5.50. VN . j 

Kies, Heinrich—. Building Stones and Clay .Products. 428 pp 
51) plates. 20 ills. Svo. Cloth. W. 

Masonry, see 000. 


091.3-5 Artificial Stone, Concrete. Cement. 

Eckel. E. C—. Cements, ldmes and Plasters for Structural 
Purposes. 2d ed, revised. 007 pp 15K ills 0 x 0. i loth 
$0.50. 1022. W 

Falk, M. S— Cements, Mortars and Concretes, lib pp 

Tables, plates and ills. <5 x 0 Cloth Met*. 

Redgrave, (1. It.— and Spackman. fhas— Calenreous 
Cements. 2d ed. Revised and enlarged. 310 pp. 03 plates 
Svo. Cloth. L. 


<191.3 Concrete (only). 

Gilbreth, F. B.—. Concrete System. 184 pp. 220 ills. P* 
plates 8V> x 11 Flex. Mor. Mc(l. 

Gillette, II. I’-- and Hill, C. S. - Concrete Constriietion, 
Methods and Cost. 700 pp. 310 ills. Cloth. McG 

Ilatt, W K.— and Voss, W. 0.— . Concrete Work. Vo! I 
470 pp. 5»4 x 7%. 224 ills. 20 plates. Cloth. $4 oo 1921 
W. Vol. II. 220 pp. 5V, x 7 r /s- 2,7 ills 97 job sheets. 
Cloth. $2.00. 1021. \Y . 

IIool, G- A.— and others. Concrete Engineer’s Library? Consist¬ 
ing of : Hool’s Reinforced Concrete Constriietion, Vols. 1, 2 
and 3; IIool and Johnson’s Concrete Engineer’s Handbook, 
and IIool and Whitney’s Concrete Designer's Manual. 5 vols 
2070 pp- 2000 ills. $24.50. McG. 

Taylor, F. W.— and Thompson, S E.— Concrete Costs. 72.1 
pp. 82 ills. 100 tables. 3% x 8. Cloth. W. 

Taylor, F \V.—, and Thompson, S. E — and Smulski, Edward-- 
Concrete, Plain and Reinforced. Vol. I, Theory of Design 
of Reinforced Concrete Structures 4th ed. 909 pp. 311 ill" 
6 x 9. Cloth. $ 8 . 00 . 1925. W. 

T’rquehart, L. C — and O’Rourke, C. E —. Design of Concrete 
Structures. 450 pp. Hid 0 x 9. $4.00. 1923. McG. 

Concrete Bridges, see 024.0. 

Masonry, see 093. 

691.3b Blocks. 

Rice, II. II.—. Concrete-Block Manufacture* Processes and 
Machines. 100 pp. 40 ills Cloth $2.00 

Whipple, II. M.— Concrete Stone Manufacture. 2d ed. re¬ 
vised and enlarged. 318 pp. 5 x 7. Cloth. $1.50. VN. 


691.37 Reinforced Concrete. 

Brooks. .1. P.— Reinforced Concrete. 230 pp 87 Ills ^ x 
< loth. McG 
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The number* refer to the pngrcK. 

In the alphabetical arrangement, minor word* as “and,” 
'between,” "in," "or,” "through,” etc, ore neglected. 


See also Table of Contents, pp xxn, etc. 


A-frame—Air, 


A 

A-frame 

dipper dredge, 5Hi j. 
grapple dredge, 581 c. 

Abrasion, 

of concrete and mortar, 1304-G. 
by streams, 57", 582. 
Absolute-permissive signaling, 991. 
Absorption, 
by bricks, 1219. 
by concrete, 1305, 1374. 
by earth, etc, 329. 

Abutment, Abutments, 
of arch, 617-627. 
batter of, 619. 

t ourses in—, inclination of—, 
620. 

of dams, 645. 
foundations for—, 582. 
masonry m—, 617*627. 
piers, 6J9. 

to proportion—, 617, 618 
Ah derated tests for concrete, 
1230, 1237. 

Acceleration, 334. 

effect of—on train resistance, 
1050 1063*4. 
grade, 1076. 

gravity'—, 250, 335-8, 348-350, 
539. 

tram—, 1059, 1063, 1064 
measurement of—, 1068 . 
units of—, conversion of, 250. 
Accelerometer, 1068. 

Accounting, railroad—, prescribed 
by I. C. C., 1096. 

At i*i. Acids, 

fumes, effect of—, on roofs, 
1381. 


m mortar, 1303, 1304. 
sulphuric—, 1303, 1304. 

Acre, Acres, 222, 233. 

-foot, equivalents of—, 235. 
required for railroads, 254. 

Adding machines, cost, 1411. 

Adhesion, „ , 

of concrete, 1245, 1249, 1258, 
1274, 1279, 1294, 1296, 1297, 


1307, 1364. 
of clue, 1214. 
cf locomotives, 413. 


Adhesion,—continued, 
of mortar, 1218. 
of spikes, 801, 802. 

-unit, 1294. 

Adjustment, Adjustments, 
of aneroid, 313. 
of builders’ plumb level, 311. 
of clinometer, 311. 
of compass, 298. 
of level, 307. 
of pocket level, 310. 
of pocket sextant, 298. 
of slope instrument, 311. 
of theodolite, 296. 
of transit, 294. 

Adjutage, Adjutages, 
flow through—, 540. 

Admiralty knot, 220. 

Aerial tramway, 580 L. 

Aggregate, Aggregates, 1304, 1354. 
See also below. See also the 
kind in question, 
analysis of—, 1238. 
cinder—, 1252, 1271, 1305, 

1355, 1365. 

cyclopean—, 1253, 1258, 1355. 
effect, of— on concrete, 1271. 
grading of—, 1256, 1257. 
quartering of—, 1238. 
in reinfort ed concrete, 1278. 
washing of--, 1259. 

Agonic line, 301. 

Air, 320. 
brakes, 1041. 
buoyancy of—, 513. 

-chambers. 663. 
compressed—, 320, 597, 681. 
breathing of—, 320, 597. 
in diving bells, 321. 
for excavating. 580 H. 
in foundations, 596. 
in rock drills, 681. 
compressors, 681. 

cost of—, 1410. 
density of—, 320. 
hoist, 580 1 . 

•locks, 597. 
in pipes, 662. 
pressure, 320, 502. 
barometer, leveling by—, 312. 
of compressed—, 320, 597. 
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Air—Animal. 


Air,—continued 
resistance, 1057. 

of automobiles, 580 r/. 
signal (on trains), 1042 
in siphons, 521. 
slacking, 1217. 
valves, 662. 

ventilation, quantitj of—, re¬ 
quired for- -, 220 
vessel, 663. 

volumes of unit weights of—, 
242. 

weight of—, 320 
weights of unit volumes of—, 
242. 

wind, 321. See also Wind. 

Alarm, Alarms, 

highway crossing—, 902 

Alcohol, weight of—, 212 

Alioth, 285. 

Allardyce process, 1135. 

Alligation, 40. 

Alphabet, Greek—, 34, 

Alternating stresses, 465, 761. 

Alternation of ratios, 38. 

Altitude, 284. 

Alum, 

in mortar, 1303, 1339 
and soap, for water-proofing, 
1220, 1273, 1305. 

Alumina, 

in cement, 1222. 

Aluminum, 
sulphate of, 1400. 
weight of—, 212. 

American, 

Locomotive Co., 
train resistance formula, 
1059, 1063. 

Railway Association, 

rails, specifications for—, 
794. 

rail joints, 798. 

Railway Bridge & Building As¬ 
sociation, 

turntables, 998. 

Railway Engineering Associa¬ 
tion, 

curves, gauge on—, 812. 
curve nomenclature, 874. 
curve, spiral—, 967. 
cut list, 1004. 
frog number, practice, 848. 
frog specifications, 834 
gauge on curves, 812 
hump yards, 1002. 
illumination, 1006. 
rail specifications, 794. 
spiral curve, 967. 
switch dimensions, 838, 864 
switch-tie specifications, 843 
tie dimensions, 786. 
track specifications, 780. 


American,—continued. 

Ry. Eng. Assn,—cont’d. 
turnout dimensions, 864. 
yards, hump—, 1002. 
yard switches, 1004. 

Society of Civil Engineers, 
cement specifications, 1234. 
rail siHMifications, 794. 
Society for Testing Materials, 
rail .specifications, 794. 
tjpe of locomotive, 1051 
Amortization, 43. 

Analysis, Analyses, 
of sand, etc., 1238 
Anchor plates, in reinforced con¬ 
crete, 1297 

Anchorage, Anchorages, 
of susjwnsion bridges, 770. 
wind— in bridges, 759. 

Angle, Angles, 92. 

bars, UR/—, cost of—, 1412. 
-blocks, 736. 

central—, 875. See also Sweep, 
circular measure of—, 34, 97 
complement of—, 97. 
cost of—, 1404. 
crossing—, 845 
in curves, 875, 880 
deflection—, 875, 921, 971. 

in spiral curves, 971. 
degrees in—, decimals of—, 95. 
of direction, 765. 
explement of—, 97. 
of friction, 409, 432, 433 
frog—, 829, 848, 853, 860. 
as function of ratio, 97 b. 
functions of small—, 880. 
hour—, 285. 

-iron, 353 b. 

of maximum pressure, 607. 
to measure—, 

with the hand, etc., 96. 
with the sextant, 152. 
with the tape line, 152 
with the two-foot rule, etc, 96 
jienpheral—, 875, 921. 

-plate joints, 807. 
in railroad curves, 875, 880 
-sections, 353 b, 1178, 1180, 
1190. 

of slope, 255-257. 
small— and their functions, 
880. 

Steel—, 353 b, 1178, 1180, 

1190. 

test of—, 753. 
subtended by arc, 181. 
supplement of—, 97. 
switch—, 836, 853, 860. 
Angular, 

functions, 97-98. 
velocity, 351. 

Animal, Animals 

for excavating, 580 //. 
power, 580 11, 685. 
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Annuity—Axis. 


Annuity, Annuities, 43-46. 
Antecedent, 38. 

Anthracite, 

heat from-*-, 317. 
space occupied by—, 215. 
weight of—, 212, 215. 
Anti-component, 362. 

Anti-friction rollers, 417, 725, 751. 
Antilogarithms, 71. 

Antimony, 

strenpth of—, 1212. 
weipht of—, 212. 

Anti-resultant, 362 
Aperture, Apertures, 

flow through—, 541, 542 
Apothecaries’ weights and meas¬ 
ures, 220, 223 
Apparent solar time, 265, 
Approach, Approaches, 
velocity of—, 556 
Apron convexors, 580 o. 

Aqueduct, Aqueducts, 
flow in—, 560, 563. 

Kutter’s formula for—, 563. 
Arc, Arcs, 

am' chord, ratio of- 902. 
circular 179. 

center of gravity of—, 391. 
chords of—. 179 
large—, to draw—, 181. 
length of—, 184 
ordinates to 180. 
radii of--, 180 
ratio of— to ladius, 97 
rectification of—. 184. 
rise of—, 180 
tables of—, 183, 185. 
time equivalents of—, 265, 
290. 

elliptic 190 
graduated—, 292. 
parabolic—, 192 
semi-elliptic—, 190 
Ar<h, Arches, 424, 430, 613, 740. 
abutments of—, 617 
bnck—, 629, 632. 
bridges, 613 
centers for—. 631 
concrete—, cost of—, 1378. 
elliptic—, 616 

joint in--, to draw—, 189 
keystone of—, 613, 615. 
lines of pressure in—, etc, 430. 
mechanics of—, 424, 430, 432 
moments in—, 424. 
pressure in—, 430, 614. 
pressure m—, line of—, 430. 
radius of—, to find—, 614 
resistance in--, line of—, 430. 
roofs, 740, 742. 
rubble—, 616 
settlement of—, 432 
statics of—, 430, 432. 


Areh, Arches—continued 
-stones, 613. 

chamfering of—, 634 
pressure in—, 430, etc, 614. 
pressure of— on centers, 633. 
theory of—, 430, 432. 
thrust line in—, 430, 432. 
Archimedes screw, 687. 

Area, Areas, 
of a circle, 
to find—, 161 
tables of—, 163-178 
contraction of- in tensile tests, 
752, 754, 1153. 
crippling- - of rivet, 775. 
of pipes, 526 

reduction of—, 456, 752, 754, 
11 53 

section- -, 456. 

of sections of beams, 1174, etc. 
of surfaces See surface in 
question 

unit—, equivalents of—, 233. 
Arithmetic, 35. 

Arithmetical, 
complement, 71. 
progression, 39 
Arm, Arms, lever—, 360 
Arroba, 227. 

Artesian wells, 671. 

pumps, cost of—, 1410. 
Artificial, 
horizon, 298 

stone (concrete), 1252, 1361. 
Ash pits, cost of—, 1117. 

Ashlar masonry, cost of—, 601, 
602 

Asphalt, 

paving, cost of—, 1409. 
waterproofing, 1220, 1273. 
weight of—, 212, 755. 
Assorting yard, 994. 

Atlas powder, 1397. 

Atmosphere, 320 See also Air. 
buoyancy of , 513. 
unit of pressure, 240 
weight of—, 212, 320. 

Angers for earth and sand, 670. 

Aunc, 226 

Automatic 

air brake, 1041. 
signals, 990 
stop, 991 
switch, 841. 

Automobile, Automobiles, 580 Q 
tires, 580 /. 
trucks, 580 q. 

Avoirdupois weight, 220. 

Axis, Axes See also the given sur 
face or solid, 
of buoyancy, 514. 
of equilibrium, 514. 
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AxIh—B eam, 


Axis, Axes—continued 
of flotation, 514. 
neutral—, 466. 
of symmetry, 514. 

Axle, Axles, 

friction of—, 416, 417, 
inertia of—, 1065 
Azimuth, Azimuths, 284-290. 


B 


Back 

-digger, 580 b. 

-haul line, 580 k. 
hoe, 580 b. 

-in station, 1010. 

Backing chain, 

dipper dredge, 581 k. 
Backwater, 575. 

Bag, Bags, 

cement—, 1227, 1232, 1354. 
Baldwin Locomotive Works, 
train-resistance formula, 1059. 
Ballast, 783. See also below, 
cars, 819. 
cleaning of—, 820. 
cost of—, 819, 1112. 
cubic yards of— per mile, 784. 
function of—, 780. 
oiling of—, 820. 

-plows, 819. 

railroad—, 780, 781, 783, 819, 
1112. 

cost of— 819, 1112. 
renewal of—, 820. 
for steel ties, 790. 
tamping of—, 819. 
ties in—, 784. 
volume of— per mile, 784. 
Ballasting, 819. 

Balloon, Balloons, 
principle of—, 513. 

Balls, weight of—, 1156, 1159, 
1161, 1210. 

Baltimore truss, 694. 

Banjo signals, 983. 

Bank spuds, 581 h. 

Bar, Bars, 

iron—, weight of—, 1159, 1160. 
lattice—, weight of—, 1190. 
reinforcement—, 1296 
deformed—, 1278, 1297, 1307, 
1362. 

plain—, 1297. 
supports for—, 1299. 

See also under Reinforced 
Concrete. 

splice—, 798. See also Rail 
Joints. 

wrought iron—, weight of—, 
1159, 1160. 

Barge, Barges 

for dredging, 581 s. 

—loading dredges, 581 I. 


Bark, 

on ties, 788. 
on timber, 788. , 

Barnacles, 327. 

Barometer, 312, 320. 

cost of—, 1411. 

Barrel, Barrels, 

contents of—, 223, 224. 
cement—, .223, 1227, 1232. 
1354. 

Barrow, Barrows, 
wheel—, 

earthwork by—, 1027, 1034. 
Barschall process, 1135. 

Bascule bridges, 697. 

Base, Bases, 
wheel—, 1044, 1062. 

Batten plates, 724, 1190. 

Baurae hydrometer, 211. 

Bazin formula, 552, 563. 

Beam, Beams, 

axis, neutral—, 466. 
channel—, 353 6, 1176. 
concrete—, 1264, 1274, 1283, 
etc. 

See also Concrete, beams; and 
Reinforced concrete, beams 
continuous—, 489, 494 g, 1294. 
1295, 1368. 

deck—, gyration radius of—. 
353 6. 

deflections of—, 481, 1139, 

1369. 

loads for given—, 480. 
permissible—, 485. 
diagonal stresses m—, 494 o, 
494 e, 1293. 
end reactions in—, 439. 
equilibrium of—, 437. 
floor—, 720, 749, 1366. See 
also under Floors, 
forces acting upon—, 437. 
horizontal shear in—, 494 e, 

494 e. 


I—, 1174, etc. 

as columns, 353 b. 
in fireproof floors, 1176 
gyration radius of—, 353 b. 
separators for—, 1182. 
tables of—, 1174, etc, 
inclined—, 445. 
iron and steel—, 1174, etc. 
loads for—, 437, etc, 466, etc, 
476, 760, 762, 1174, etc 
within elastic limit, 482. 
for given deflection, 480. 
suddenly applied—, 461, 


1139. 

maximum stresses in— 


494 e. tjr 

moments in—, 440, 443 , 44.). 

maximum bending—, 474 
neutral axis in—, 466. 
plates as—, 493. 
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Beam—Bourn. 


Beam, Beams,—continued, 
principal stresses in—, 494 e, 
494 g. 

reactions in—, 439. 
of rectangular section, 468. 
reinforced concrete—, 1283, etc. 
See also Reinforced Concrete, 
beams. 

rolled—, 1174, etc. See also 
Beams, 1—; Beams, chan¬ 
nel—, etc. 

shear in—, 446, 494 c, 494 e, 
1291. 

horizontal—, 494 c, 494 e. 
similar—, 484. 
steel—, 476, 1174, etc. 
stiffness of—, 480-486, 1139. 
stone—, 416, 1216. 
strength of—, 466, 473, 476, 
478, 485, 1174, 1283. 
stresses in—, 474. 

diagonal—, 494 a, 494 e, 

1293. 

maximum—, 494 a, 494 e, 

1293. 

principal—, 494 c, 494 g. 
suddenly loaded—, 461, 1139. 
timber—, 760, 762, 764, 1139, 
etc, 1142. 

and trusses, comparison of—, 
689. 

of uniform strength, 486. 
vertical shear in—, 494 c, 494 e. 
wooden— 760, 762, 764, 1139, 
etc, 1142. 

Bearing, Bearings, 
and reverse bearings, 277. 
stresses in—, permissible—, 
762. 

in trusses, 721, 725, 750, 751, 
762 

Bcauml hydrometer, 211. 

Bed plates, 721, 750. 

Beech wood, strength of—, 476, 
1137, 1138. 

Bell, Bells, 

diving—, pressure in—, 321, 
597. 

-joints for pipes, 660. 

Belt, Belts, 
contcyor, 580 M. 
leather—, strength of—, 1214. 
Belting, cost of- , 1408. 

Bending, 

and compression, 494, 724. 
moments, 453, 466, etc. 

maximum—, table of—, 474. 
stresses, permissible—, 762. 
tests, 752, 754, 1151, 1153. 
Bents in trestles, 1038. 

Beton, 1252, etc. See also Con¬ 
crete. 

Bibliography, 1420. 

Binder, cost of--, 3402. 

Binding, cross—, 809. 


Biquadratic units, 468. 

Birch, strength of—, 476, 1137, 
1138. 

Birmingham gauges, 1169, 1172. 
Bismuth, 212, 1212. 

Bit, Bits, 

sub-aqueous rock drilling, 581 r. 
Bitumen, weight of—, 212. 
Bituminous coal, 212, 215. 

Blade grader, 580 t. 

Blasting, 600, 1398, 1399. 
for rock dredging, 581 r. 
sub - aqueous rock - breaking, 
581 r 

sub-aqueous rock excavation, 
581 #. 

Bled timber, strength of—, 1137. 
Block, Blocks, 
angle—, 736. 
concrete—, 1371, 1372. 
graniU—, cost of—, 1402. 
head—, 843. 
heel—, 830. 
scotch—, 989. 
stop—, 837. 
system, 986. 

wood—, cost, of—, 1402. 
Blocking, permissive—, 987. 
Bloom ton, 216. 

Blue prints, 1390, 
cost of--, 1412. 

Board measure, 
table of—, 269. 

Boat, canal—, 684. 

Body, Bodies, 
defined, 330. 
falling—, 348, 539. 
floating—, 513. 
rigid—, force in—, 330, 358. 
Boiler, Boilers, 
cost of—, 1409. 
incrustation of—, 327. 
iron, 1152. 

thickness of shell of—, 511. 
tubes, 1164. 

Boiling, 
point, 326. 

leveling by—, 314. 
tests for cement, 1230, 1237. 
Bollman truss, 695. 

Bolt, Bolts, 1165, etc. 
cost of—. 1404. 
expansion—, 1166. 
iron—, table of—, 1168. 
stresses in—, permissible—, 

762. 

track—, 809. 

Bond, Bonds, 

in concrete, 1245, 1249, 1258, 
1274, 1279, 1294, 1296, 
1297, 1307, 1364. 

Book, Books, 1429. 

Boom, Booms, 

crane— and derrick—, 580 D. 
dipper dredge, 581 k. 
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Boom— 

Boom, Booms,—continued, 
grapple dredge, 581 d. 

Boring, Borings, 

augers for earth, 670, 671. 
dredging, 581 r 
test—, 582, 670. 
wells, 671. 

Borrow pit, 195, 196. 

Bottom-dump buckets, 579 z. 

Boulders, dredging, 581 a. 

Bowstring, 
centers, 637, 638. 
truss, 695, 699. 

Box, Boxes, 

. -drains, 627. 
journal—, 1039. 

-sextant, 297 

Boxed timber, strength of—, 1137. 

Brace, Braces, 
rail—, 806, 

Bracing, 

in bridges, 691, 710, 748, 749. 
counter—, 690, 705, 712, 721, 
738, 746. 
for dams, 502. 

Bracket, Brackets (see Canti¬ 
lever), 696 

Brake, Brakes, 1040. 
air—, 1041 
electric—, 1041. 

-friction, 412 
vacuum—, 1042 

Brakeman, Brakemen, 1005. 

Branches in pipes, 661. 

Brass, 

ductility, etc, of—, 460. 
effect of mortar, etc, on—, 1304. 
effect of water on—, 327. 
expansion of— by heat, 317. 
friction of—, 411, 415 
strength of—, 476, 1212, 1213. 
tubes, seamless—, 1211. 
weight of—, 212, 1156, 1160, 
1169, 1210. 
wire, 1169 

Breathing, 

air consumed in—, 320. 

Brick, Bricks, 1218, 1219. 
arches, 629, 632. 
cost of—, 1403. 
cylinders, sinking of—, 599. 

-dust, 1217. 
friction of—, 411. 
incrustation of—, 1221, 1249. 
-laying, 1219. 
masonry, cost of—, 1408. 
paving, cost of—, 1409. 
strength of—, 476, 1214, 1215. 
weight of—, 212, 213, 755. 

-work, 

crushing height of—, 1215. 
mortar required for—, 1243. 
in sewers, cost of—, 1409. 

Bridge, Bridges, 
arch—, 613 . See also Arch. 


•Bronsse. 

Bridge, Bridges,-—continued, 
brick—, 629, 632. 
camber of—, 726, 746. 
cantilever—, 696., 
centers for—, 631. 
clearance for—, 746. 
combination—, 763. 
connections for—, 774. 
cost of—, 1108, 1111. 
cranes, 580 g. 
cross-section of—, 746. 
design of—, 720, 745. 
electric railway—, 745. 
erection of—, 743, 763. 
floor, 749. 

friction rollers for—, 725, 75i. 
gauge on—, 746 
headway on—, 746. 
highway—, 

specifications. 745. 
joints, 774. 
long-span—, 732. 
painting of—, 763, 764. 

-pier, 

head due to—, 575. 
protection, 763. 764 
Quebec—, column failure, 1195 
railroad—, 

cost, 1108, 1111. 
specifications for—, 745 
roadways, drainage of—, 628 
specifications, 745 
stone—, 613 See also Arch 
centers for—, 631. 
suspension—, 765 
test of completed—, 753. 
trusses, 689. 

weights of—, 731, 738. 
weight of steel in—, 1109. 
wooden—, specifications for—, 
763. 

See also Arch, Beam, Girder, 
Trestle, Truss, etc. 

Bridle, Bridles, 
rods, 837. 
slings, 579 Z. 

Briggs logarithms, 70, 78, 80, etc 
Briquet, Briquets, 

cement—, 1233, 1236. 

British, 

Imperial measure, 224, 234 
rod of brickwork, 222, 1220. 
Broken, 

bubble-tube, to replace—, 296 
cross-hairs, to replace—, 296 
stone, 683, 1252, 1253, 1256, 
1305,1375 See also Rubble, 
and Aggregate, 
foundations, 583. 
voids in—, 688, 1235. 
Bronze, 

elastic limit of, etc, 460. 
phosphor— wire, strength of . 
1212. 

weight of—, 212. 
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Bubble-tube—Cart. 


Bubble-tube, to replace—, 296. 

Bucket, Buckets, 

-chain trenchers, 580 V. 
conveyors, «80 n. 
dipper dredge, 581 k. 
dump—, 579 z. 
for excavation, 579 z. 
grapple dredge, 581 e. 

"ladder” dredge, 581 m. 

-wheel trenchers, 580 tt. 

•wire, dipper dredge, 581 j. 

Buckle-plates. 750, 1167 

Buggy, Buggies, 
concrete—, 580 Q. 
trailers, 580 <S. 

Builders' level, to adjust—, 311. 

Building, Buildings, 

concrete—, cost of—, 1378 
railroad—, cost of—, 1115, 

1118. 

specifications for—, 764 
stone, cost of—, 1403 

Bulk, increase in— 
dredging, 581 u. 

Bulldozers, 580 T. 

Bull-wheel, dipper dredge, 581 k. 

Buoj ancy, 
of air. 513. 

of liquids, 210, 513 515. 

Burkh-Ziegler formula, 575. 

Burned clay, 1217. 
ballast, 783. 

Burnetizmg, 1135. 

Burr truss, 695. 

Burrowing animals, 651. 

Bushel, 223, 224, 234 

Butt joint, 773. 

Button rope, 580 A. 

Buttresses, 612. 


C 

V G. S. System, 341. 

Cable, Cables, etc, 
back-haul—, 580 k. 
drag-line—, 580 A\ 

.electric —, dredging, 581 1. 
hoisting—, 580 I). 
inhaul—, 580 k. 
mooring, 581 g. 
outhaul—, 580 k. 
standing—, 580 K. 
stays, 766. 
track—, 580 K. 
traction—, 580 k. 
tramway, 580 L. 
trolley, 580 k. 
way, 580 S. 
dredging, 581 c. 
radial—, 580 L. 
slack-line, 580 k. 
tower—. 580 k. 

wire rope—, 1173, 1387, 1388 

Caisson, Caissons, 585. 
work in—, 321. 


Calcium chloride, 1246, 1275, 
1303. 

Calking, 660. 

Camber, 696, 726, 746, 

Canal, Canals, 
boats, 684. 

flow in—, 523, 560, 563. 564. 
leakage from—, 329, 561. 
traction on—, 683. 

Cantara, 227. 

Cantilever, Cantilevers, 437, 696. 
moments in—, 440, 442, 445, 
474. 

maximum—, 474. 
reactions in—, 439. 
stresses in—, 474. 
of uniform strength, 486. 

Caps for blasting, 1398, 1402. 
Capitalization, 41, 44. 

of railroad operation cost, 1092 
Capstan, Capstans, 580 j. 

Car, Cars, 1053. 

axles, inertia of—. 1065. 
Builders, Master—, gauge, 812. 
classification of—, 1004 
cost of—, 1119. 
couplers, 1042. 
droppers, 1005. 
dimensions of—, 1053 
dynamometer—, 1067. 
earthwork by—, 1031. 
friction of—, 417. 
gauge of—, 812. 
industrial ry—, 

Master— Builders’ gauge, 812. 
poling of—, 1002. 
recording—, 821. 
resistance of—, 417. 
riders, 1005. 
shifting of—, 1002 
track-recording—, 821. 
weight of—, 1053. 
effect of— upon resistance, 
1060 

wheels, 1040 

coning of- 1061. 
inertia of—, 1064. 

Carat. 219, 220. 

Carbon. 

dioxide, in cement, 1222, 1306. 
in steel, 754, 1152. 

Carbonic acid, effect on concrete, 
1222, 1306. 

Carnegie, 

beams, channels, etc, 1174, etc. 
steel ties, 790. 

Carrier, fall-rope—, 580 k. 

Cart, Carts, 580 Q. 

earthwork by—, 1024, 1026, 
1029. 

excavating— (wheeled scrap¬ 
ers), 1029. 

•road, repairs of—, 1025. 
rock, removing by—, 1034. 
traction of—, 683. 
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Cartridge—Cement. 


Cartridge, Cartridges, 
dynamite—, 1396. 
rack-a-rock, 1397. 

Cassiopeia, 285. 

Cast iron, 754. See also under 
the articlp in question, and un¬ 
der Castings. 

columns, 498 d, 1189, 1190, 

1195, etc. 

corrosion of—, 327, 328 
elastic limit of—, 460. 
elastic modulus of—, 460 
expansion of— by heat, 317. 
friction of—, 411 
modulus, elastic— of—, 460 
pillars, 498 d, 1189, 1190, 1195, 

pipes* 653, 662, 1158. 
cost of—, 1412. 
requirements of—, 1156 
salt water, effect of— on—, 327, 
594. 

strength of—, 

compressi\e—. 1156, 1213 
shearing—, 499. 
tensile—, 1156, 1212. 
torsional—, 500 
transverse—, 476, 1156 
weight of, 213, 1157, 1210. 
Cast steel, 754, 1152, 1213. 
Castellano, 227. 

Castelli’s quadrant, 561. 

Casting, Castings, 

steel—, requirements for—, 754, 
1152. 

weight of— by size of pattern, 
1157. 

Catch sidings, 827 
Caterpillar, Caterpillars, 580 (I. 
tractor, 580 It. 

Cattle guards, cost of—, 1115. 
Cedar, 

strength of—, 476, 1137, 1138, 
1145. 

weight of—, 755 
Cellar floors, cost, 1409. 

Cement, Cements, 1222-1237, 1254. 
1303, 1354 

For strength, setting, etc, per¬ 
taining to mortar, see also 
under Mortar. 

accelerated tests for—, 1230, 
1237. 

adulterants of—, 1226 
age of—, 1227, 1303 
analyses of—, 1225, 1234. 
bags, 1227, 1232, 1354 
barrels, 1227, 1232, 1354. 
boiling test for—, 1230, 1237. 
brand, specifications, 1354. 
brick-dust—, 1217, 1223. 
briquet, 1233, 1236. 
in bulk, 1227. 

calcium choride in—, 1246, 
1275, 1303. 


Cement.—continued 

cementation index of—, 1226. 
chemistry of—, 1222, 1225 

1228, 1234, 130^. 
clay in—, 1222, 1303 
color of—, 1226. 
composition of—, 1225, 1234 
cost of—, 1375, 1403. 
deterioration of—, 1228 
effects of— on— See the ma¬ 
terial or agency in question, 
under Cement 

elements of—, 1222, 1225, 1234 
Erz—, 1225 

exposure of—, effect of—, 1228 
1247, 1303, 1354 
factor, lime— of- , 1226 
lineness of—, 1226, 1232, 1233, 
1235, 1303 

flashing of—, 1228, 1247. 
grout, 1270, 1273 
gypsum m—, 1246, 1247, 1303 
hardening of—, 1222, 1245, 

1247, 1248. 
hydraulic 

index of—, 1225 
lime. 1225 
modulus of—, 1225 
index of—, 

cementation—, 1226 
hydraulic —, 1225. 
ingredients of—, 1222, 1225 
1231 

iron ore—, 1225, 

-and-iron pipe, 657 
for leaks, 1382, 1384 
Ume, 

effect of— on—, 1222, 1231, 
1244, 1245, 1304 
-factor, 1226. 
hydraulic—, 1225. 

-sulphate in—, 1246, 1247, 
1303. 

loam in—, 1303. 
magnesia m—, 1232, 1234. 
manufacture of—, 1223. t 
-mix, tjpical—, 1303. 
modulus of—, hjdraulic- . 
1225. 

-mortar, 1222, 1243, 1304. See 
also under Mortar 
in mortar, 1243. 
natural— 1224, 1303, 1354. 
1403 

in concrete, 1254. 
needle, Vicat—, 1246. 
packages of—, 1227, 123J, 
1354. 

Portland—, 

manufacture of—, 1223. 
price of—, 1403. 
where required, 1354. 
uses of—, 1224. 
white—, 1225. 
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Cement- 

Cement,—continued, 
properties of—, 1226, 1232, 
See also the property in ques¬ 
tion. * 

Puzzolan—, 1222, 1224. 
•quantities of— required and 
jsod, 1254, 1303. 
requirements of—, 1229, 1232, 
1234. 

restoration of—, 1228. 

•rock, 1222 
Roman—, 1223. 

Kosendale—, 1223. 
samples of—, 1232, 1234 
sand, effect of- - upon—, 1249. 
setting of—, 1222, etc. See 
also Concrete, setting of—, 
and Mortar, setting of—. 
shipment of—, 1227, 1232, 

1354 

silica—, 1224, 1303. 
slag- -. 1222, 1224, 1245 
soundness of— See Mortar, 
soundness of— 

spenfic gravity of—, 1226, 

1232, 1234 

specifications for—. 1229, 1232, 
1234, 1352, 1354 
American Society of Civil 
Engineers, 1234. 

American Society for Testing 
Materials, 1232 
Engineering Standards Com¬ 
mittee of Great Britain, 
1232. 

r. S. Engineer Officers, 1229. 
storage of—, 1228, 1247, 1354 
strength of—. See Mortar, 
stnngth of—. 

sulphuric acid in—, 1232, 

1234, 1303, 1304. 
testing machines for—, 1230. 
tests of—, 1228, 1229, 1232, 
1234, 1248, 1254, 1354. 
typical mix of—, 1303. 

Yicat needle for—, 1246. 
weight of—, 212, 1226, etc. 
white—, 1225. 

Cementation 
index, 1226. 

Center, Centers, 
for arches, 631. 
of buoyancy, 514. 
of circle, to find—, 162. 
of force, 399. 
of gravity, 386. 
of gyration, 496. 
of moments, 361. 
of oscillation, 351. 
of percussion, 351. 
of pressure, 399, 501, 506, 514. 
for turntables, 1000. 

Centigrade thermometer, 318. 

Centigram, 226, 236. 

Centiieter, 225, 235. 


■Chlorine. 

Centimeter, 225, 231, 233. 
cubic—, weights, 212. 
-gram-second system, 341. 

Centistere, 225. 

Central 

angle, in railroad curves. See 
Sweep, 
forces, 354. 

Centre, Centres. See Center, Cen¬ 
ters. 

Centrifugal 
force, 354, 711, 758. 
pumps, cost of—, 1410. 
unloading of conveyors, 580 v. 

Centripetal force, 354. 

('ham, Chains, 
bucket conveyors, 580 n. 
cost of—, 1400. 
in curves, 875. 

diminished—, 878. 
equivalents of—, 232. 

Gunter’s—, 22f 
hoisting—, 579 Z. 
iron—, 1207. 

-pump, 687. 
in railroad curves, 875. 

diminished—, 878. 

-riveting, 774 
strength of—, 1207. 
sul'—, 879, 910, 911. 
surveying—, 274, 282. 

cost of—, 1411. 
weight of—, 1207. 

Chaining, 151, 282. 

Chalk, 212, 1215. 

Channel, Channels, 
flow in—, 523, 527, 529, 560, 
563, 564. 
frog—, 829. 

-and-plate columns, 1191. 
•section, 1176, 1177. 

gyration radius of—, 353 b. 
steel—, 1176, 1177. 

-switch, 837 
-ties, 792 

Channeling in rock, 681, 

Characteristic, 70-79. 

Charcoal, weight of—, 212. 

Chart, Charts, 
isogonie—, U S.—, 300. 
logarithmic—, 73. 

Chats, for ballast, 783. 

Cherry wood, weight of—, 212. 

Cherts, for ballast. 783. 

Chezy formula, 528. 

Chimney, Chimneys, 
brick—, cost of—, 1408. 

Chipping hammers, cost, 1409. 

Chiseling, rock—, 
for dredging, 581 r. 

Chloride, 

calcium—, 1246, 1275, 1303. 
zinc— treatment for timber, 
787. 

Chlorine, liquid—, cost, 1400. 
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Cartridge, Cartridges, 
dynamite—, 1396. 
rack-a-rock, 1397. 

Cassiopeia, 285. 

Cast iron, 754. See also under 
the articlp in question, and un¬ 
der Castings. 

columns, 498 d, 1189, 1190, 

1195, etc. 

corrosion of—, 327, 328 
elastic limit of—, 460. 
elastic modulus of—, 460 
expansion of— by heat, 317. 
friction of—, 411 
modulus, elastic— of—, 460 
pillars, 498 d, 1189, 1190, 1195, 

pipes* 653, 662, 1158. 
cost of—, 1412. 
requirements of—, 1156 
salt water, effect of— on—, 327, 
594. 

strength of—, 

compressi\e—. 1156, 1213 
shearing—, 499. 
tensile—, 1156, 1212. 
torsional—, 500 
transverse—, 476, 1156 
weight of, 213, 1157, 1210. 
Cast steel, 754, 1152, 1213. 
Castellano, 227. 

Castelli’s quadrant, 561. 

Casting, Castings, 

steel—, requirements for—, 754, 
1152. 

weight of— by size of pattern, 
1157. 

Catch sidings, 827 
Caterpillar, Caterpillars, 580 (I. 
tractor, 580 It. 

Cattle guards, cost of—, 1115. 
Cedar, 

strength of—, 476, 1137, 1138, 
1145. 

weight of—, 755 
Cellar floors, cost, 1409. 

Cement, Cements, 1222-1237, 1254. 
1303, 1354 

For strength, setting, etc, per¬ 
taining to mortar, see also 
under Mortar. 

accelerated tests for—, 1230, 
1237. 

adulterants of—, 1226 
age of—, 1227, 1303 
analyses of—, 1225, 1234. 
bags, 1227, 1232, 1354 
barrels, 1227, 1232, 1354. 
boiling test for—, 1230, 1237. 
brand, specifications, 1354. 
brick-dust—, 1217, 1223. 
briquet, 1233, 1236. 
in bulk, 1227. 

calcium choride in—, 1246, 
1275, 1303. 


Cement.—continued 

cementation index of—, 1226. 
chemistry of—, 1222, 1225 

1228, 1234, 130^. 
clay in—, 1222, 1303 
color of—, 1226. 
composition of—, 1225, 1234 
cost of—, 1375, 1403. 
deterioration of—, 1228 
effects of— on— See the ma¬ 
terial or agency in question, 
under Cement 

elements of—, 1222, 1225, 1234 
Erz—, 1225 

exposure of—, effect of—, 1228 
1247, 1303, 1354 
factor, lime— of- , 1226 
lineness of—, 1226, 1232, 1233, 
1235, 1303 

flashing of—, 1228, 1247. 
grout, 1270, 1273 
gypsum m—, 1246, 1247, 1303 
hardening of—, 1222, 1245, 

1247, 1248. 
hydraulic 

index of—, 1225 
lime. 1225 
modulus of—, 1225 
index of—, 

cementation—, 1226 
hydraulic —, 1225. 
ingredients of—, 1222, 1225 
1231 

iron ore—, 1225, 

-and-iron pipe, 657 
for leaks, 1382, 1384 
Ume, 

effect of— on—, 1222, 1231, 
1244, 1245, 1304 
-factor, 1226. 
hydraulic—, 1225. 

-sulphate in—, 1246, 1247, 
1303. 

loam in—, 1303. 
magnesia m—, 1232, 1234. 
manufacture of—, 1223. t 
-mix, tjpical—, 1303. 
modulus of—, hjdraulic- . 
1225. 

-mortar, 1222, 1243, 1304. See 
also under Mortar 
in mortar, 1243. 
natural— 1224, 1303, 1354. 
1403 

in concrete, 1254. 
needle, Vicat—, 1246. 
packages of—, 1227, 123J, 
1354. 

Portland—, 

manufacture of—, 1223. 
price of—, 1403. 
where required, 1354. 
uses of—, 1224. 
white—, 1225. 
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Coal, Coals, 

corrosive fumes from—, lloi, 
1208 

-oil, weight, of—, 214 
-pockets, cost of , 1117 
space occupied by ton of—, -15. 
tar, 327, 328. 

creosote, 787. 
weight of— 212, 215 
Coaling stations, cost of—, 1116, 
1118. 

Cock, corporation—, 664. 

Coefficient, Coefficients, 

See also the subject in question, 
contraction—, in hydraulics, 
542. 

deflection—, 483. 
excavation, 580 y. 
expansion—, 317, 806, 810, 

1278, 1306. 

in reinforced concrete, 1218, 
1306. 

friction—, 408, 409 
roughness—, 523, 564, 56 > 
safety— See the construction 
or material in question, 
stability—, 423. 
uniformity'—, 1239, 1303 
Coffer-dam, 585, 586. 

Coins, values of—, 218, 219 
Coke, weight of—, 212. 

Cold, 

effect of—, 

on concrete, 1262, 12 <0, 

1275, 1306, 1359. 
on explosives, 1394, 1396. 
on iron, 1156 
on mortar, 1220. 
on train resistance, 10 j8, 
1060. 

-rolled iron, 1212. 

-twisted lug bar, 1299 
-working of iron and steel, 12»7. 
Cohnear forceB, 361, 363. 

Collision (impact), 347. 

-posts, 695. 

Cologarithm, 71. 

Colors, cost of—. 1402. 

Column, Columns, 495, etc. 
axial loading of—, 497. 
axis of—, 495 
braced—, 498 d. 
capitals of—, shapes of-—, it- • 
Carnegie Z-bar—, 1183-1185. 
cast iron—, 498 d, 1188. 1190, 
1195, 1197, 1198, 1200. 
concrete—, 1280, 1281, 1306, 
13 65. OQO 

footings for—, 1282. 
forms for—, 1263. 

1281, 1282, 1302, 130o, 
1366! 


Column, Columns,—continued, 
concrete—,—continued. 

strength of—, 1306. 
connections in—, 1191. 
deflections in—, 495. 
eccentric loading of—, 495, 

498 c, 1366. 
elastic limit of—, 496. 
ends of—, arrangement of—, 
496. 

factor of safety for—, 1193, 
1194 

failure, Quebec bridge, 1202. 
fatigue of—, 496. 
footings, 1192, 1282. 
formulas for—, 497, etc, 1143. 

etc, 1193, etc, 1281. 

Gray—, 1187. 

gyration radius of—, 353 a, 

353 b, 496. 

H—, 1193. 

hooped—, 1281. 1366. 
with hinged ends, 496. 
iron—, cast—, 498 d, 1189# 
1190,1195,1197, 1198, 1200. 
iron and steel—, 498, 498 a, 
760, 1183-1188, 1189. 
factors of safety for—, 1193, 
1194. 

formulas for—, 1193, etc. 
rivet-slip in—, 1205. 
slenderness of —, 1190. 
tests of—, 1199-1202. 
latticing of—, Btresscs in—, 

1204. 

loading of— 
axial—, 491. 
eccentric—, 495, 498 c. 
masonry—, strength of—, 1215. 
neutral axis in—, 496. 

Phoenix segment—, 353 o, 1186, 
pin connections for—, 496, 

1205. 

radius of gyration in—, 353 a, 
353 b, 496. 

reinforced concrete , 1280. 

1302, 1365. 
footings for—, 1282. 
forms for—, 1263. 
formulas for—, 1281. 
hooped—, 1281, 1366. 
reinforcement of—, 1302, 1365. 
rivet-slip in-—, 1205. 
round-end—, 498 d. 
safety factors for—, 496, 1193, 
1194. 

segment—, 353 b, 1186. 
slenderness of—, 1190. 
steel and iron—, 498, 498 a, 
760. 1183-1188, 1189. 
strengths of—, 495, etc., 1143, 
etc., 1189, etc. 
and tension members, 1205. 
tests of—, 498 a, 1199-1202. 
water—, 1012. 
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Column, Columns,—continued, 
wooden—, 761, 764, 1143, etc., 
1147. 

Z-bar—, 1183-1185. 

Combination, Combinations, 
bridges, 738, 763. 
dredges, 581 #. 
crossings, 846. 
and permutation, 40. 

Combined 

stresses, 494, 724. 

Commercial weight, 220. 

Common, 

denominator, 35, 36. 
divisor, 35. 
factor, 35 
fraction, 36, 37. 
logarithms, 70-91. 
measure, 35. 
multiple, 35. 

Compass, Compasses, 
to adjust—, 298. 
declination of—, 301. 
drawing—, cost, 1412. 
magnetic.—, cost, 1411. 
variation of—, 301. 

Compensating reservoir, 653. 

Compensation, Compensations, 
for curvature, 1078. 

in yards, 1005. 
water, 653. 

Compensator, Compensators, 
in signaling, 986. 

Complement, 97, 97 b. 

Component, Components, 

force—, 362, 365, 369, 370. 
stress—, 371, 454. 
summation of—, 466. 
tangential—, 369. 

Composition, 

chemical—. See the material in 
question, 
of couples, 405. 
of forces, 362, etc. 
of ratios, 38. 

Compound, 
curves, 912. 

problems in—, 946. 
interest, 42, 43, 44. 
levers, 420. 
pipes, flow in—, 531. 
stresses, 494, 762. 

Compressed, 

air, 320, 597, 681. 

for excavating, etc, 580 H. 
gun-cotton, 1397. 

Compressibility. See the material 
in question. 

Compression, 359, 454. 

and bending, combined, 494, 
724. 

members, 721, 722, 723, 747, 
760. See also under Columns, 
and tension, 359. 

Compressive strength, 454, 1138, 
1213, 1215, 


CompreRsive strength,—continued. 
See also under the material in 
question. 

Compressor, Compressors, 
air—, 681. 
cost of—1410. 

Computations, dredging, 581 1. 
Computing insts, cost, 1411. 
Concentrated loadR, 444, 446, 484, 
705. 

Concrete, 1252. 

For adhesion, setting and other 
properties pertaining to mor¬ 
tar, see also under Mortar. 
See also under the structure 
in question. For reinforced 
concrete, see Reinforced Con- 
absorption by—, 1305, 1374. 
crete. 

abrasion of—, 1304. 
ac-ids, effect of— on—. 1276. 
1306. 

adhesion of—, 1245, 1249, 

1258, 1274, 1279, 1294, 

1296, 1297, 1307, 1364. 
age of—, effect of— on—, 
1248, 1305. 

aggregate for—, 1252, 1304, 

1305, 1354. See also undpr 
Aggregates. 

air, effect of— on—, 1306. 
alkali, effect of— on—, 1276. 
arches, cost of—, 1378. 
asphalt, for waterproofing—, 
1273. 

beam, beams, 

continuous—, 1294, 1295, 

1368. 

diagonal stresses in—, 1293. 
forms for—, 1262-1268. 
maximum stresses in—, 1293. 
reinforced—, 1283, 1366. 

See also Beams, reinforced 
concrete—. 
sheaT in—, 1291. 
shear reinforcement for—. 

1292, 1294, 1296. 

specifications for—, 1366 
strength of—, 1283. 
stresses in—, 1283, 1293. 
diagonal—, 1293. 
maximum—, 1293. 
behavior of—, 1305. 
blocks, 1371, 1372. 
bond in—, 1258, 1279, 1307 
broken stone for—, 1252, 12 j3, 
1256, 1305, 1375. 

See also under Aggregate, 
buggies, 580 Q. 
building blocks, 1371, 1372 
buildings, cost of—, 1378. 
burning of—, effect on—, 1276, 

1306. 

carbonic acid, effect of— on » 
1306. 
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Concrete,—continued, 
cement for—, 1222. 1254. See 
also undqr Cement, 
chemical properties of—, 1276. 
churning of—, 1357. 
cinder— 1252, 1271, 1305, 
1355, 1365. 

clay in—, 1222, 1245, 1252, 
1303, 1354. 

coefficient, expansion— of—, 
1278, 1306. 

cold, effect of— on—, 1262, 
1270, 1275, 1306, 1359. 
coloring of—, 1271. 
columns, 1280, 1281, 1306, 

1365. See also Columns, 
concrete—, and Columns, re¬ 
inforced concrete—. 
compacting of—, 1268, 1305, 
1357, 1358, 1378. 
compressive strength of—, 
1274, 1361. 

conductivity of—, thermal—, 

1306. 

consistency of—, 1258, 1262, 
1355 

continuous beams of—, 1294, 
1295, 1368. 
contraction of—, 1247. 
coping, specifications for—, 
1360. 

cost of—, 1375, 
cracks in—, 1276. 
crusher dust, as aggregate for 
—, 1244, 1354 

cyclopean—, 1253 1258, 1355 
dehydration of—, 1276 
density of— 1256, 1257, 1305. 
depositing of—, 1261, 1305, 
1357, 1358. See also Con¬ 
crete, placing of—. 
dry— 1258, 1262, 1355 
cost of—, 1378. 
ductility of—, 1279, 1305. 
dumping of—, 1261. See also 
under Concrete, placing of— 
durability of—, 1305 
elastic limit of—, 1306. 
elastic modulus of—, 1274, 

1278, 1279, 1306, 1362. 
electrolysis of—, 1276, 1306, 

1307. 

expanded metal for—, 1300. 
expansion of—, 1247, 1276, 
1278, 1305, 1306. 
expansion coefficient of—, 1278, 
1306. 

experiments on—, 1303. 
fatigue of—, 1306. 
finish of—, 1270, 1305, 1360, 
1378. 

cost of—, 1378. 
fi r e, effect of— on—, 1276, 
1306, 1307. 


Concrete,—continued, 
floors, 1264, 1266, 1366. 
flow of—, 1305. 
forms for—, 1262, 1305, 1357 
See also Forms, concrete—. 
foundations, leveling of—, 

1254. 

freezing of—, 1262, 1270, 1275, 
1306, 1359. 

calcium chloride, to prevent 
—, 1275. 

forms, removal of—, 1359. 
protection against—, 1275 
friction of—, 1307. 
frost, effect of— on. See Con¬ 
crete, freezing of—. 
frozen—, removal of—, 1359. 
gases, effect of— on—, 1276. 
girders, 1264. See also Floors, 
concrete—; Beams, cone.—. 
grading of—, 1256, 1257. 
gravel for—, 1252, 1304, 1305. 
grouting of—, 1270, 1273. 
handling and mixing of—, 
1258. 

heat, effect of— on—, 1274, 
1275, 1276, 1306. 
impenneability of—, 1256, 

1271, 1304, 1306, 1360, 

1361. 

ingredients of—, 1258. See 
also below and under the 
material in question, 
handling of—, 1258. 
heating of—, 1275. 
measurement of—, 1259 

1261, 1355. 
required, 1255. 
storage of—, 1259. 
inspection of—, cost of—, 1378. 
in iron cyinders, expansion of 
—, 1276. 

joints in—, 1267, 1273, 1276, 
1358. 

laitance, 1245, 1250, 1305. 
large stones in—, 1253, 1258, 
1355. 

law of powers in—, 1306. 
layers in—, 1262, 1358. 
for leveling foundations, 1254. 
lifting—, 1260. 
limit of—, elastic—, 1306. 
loads on—, allowable—, speci¬ 
fications, 1361. 
loam in—, 1252. 
manipulation of—, specifications 
for—, 1357. See also Con¬ 
crete, placing of—; Concrete, 
mixing of—; Concrete, han¬ 
dling of—. 
masonry, cost, 1408. 
and masonry in combination, 
1254. 

mass—, cost of—, 1878. 
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Column—Concrete. 


Column, Columns,—continued, 
wooden—, 761, 764, 1143, etc., 
1147. 

Z-bar—, 1183-1185. 

Combination, Combinations, 
bridges, 738, 763. 
dredges, 581 #. 
crossings, 846. 
and permutation, 40. 

Combined 

stresses, 494, 724. 

Commercial weight, 220. 

Common, 

denominator, 35, 36. 
divisor, 35. 
factor, 35 
fraction, 36, 37. 
logarithms, 70-91. 
measure, 35. 
multiple, 35. 

Compass, Compasses, 
to adjust—, 298. 
declination of—, 301. 
drawing—, cost, 1412. 
magnetic.—, cost, 1411. 
variation of—, 301. 

Compensating reservoir, 653. 

Compensation, Compensations, 
for curvature, 1078. 

in yards, 1005. 
water, 653. 

Compensator, Compensators, 
in signaling, 986. 

Complement, 97, 97 b. 

Component, Components, 

force—, 362, 365, 369, 370. 
stress—, 371, 454. 
summation of—, 466. 
tangential—, 369. 

Composition, 

chemical—. See the material in 
question, 
of couples, 405. 
of forces, 362, etc. 
of ratios, 38. 

Compound, 
curves, 912. 

problems in—, 946. 
interest, 42, 43, 44. 
levers, 420. 
pipes, flow in—, 531. 
stresses, 494, 762. 

Compressed, 

air, 320, 597, 681. 

for excavating, etc, 580 H. 
gun-cotton, 1397. 

Compressibility. See the material 
in question. 

Compression, 359, 454. 

and bending, combined, 494, 
724. 

members, 721, 722, 723, 747, 
760. See also under Columns, 
and tension, 359. 

Compressive strength, 454, 1138, 
1213, 1215, 


CompreRsive strength,—continued. 
See also under the material in 
question. 

Compressor, Compressors, 
air—, 681. 
cost of—1410. 

Computations, dredging, 581 1. 
Computing insts, cost, 1411. 
Concentrated loadR, 444, 446, 484, 
705. 

Concrete, 1252. 

For adhesion, setting and other 
properties pertaining to mor¬ 
tar, see also under Mortar. 
See also under the structure 
in question. For reinforced 
concrete, see Reinforced Con- 
absorption by—, 1305, 1374. 
crete. 

abrasion of—, 1304. 
ac-ids, effect of— on—. 1276. 
1306. 

adhesion of—, 1245, 1249, 

1258, 1274, 1279, 1294, 

1296, 1297, 1307, 1364. 
age of—, effect of— on—, 
1248, 1305. 

aggregate for—, 1252, 1304, 

1305, 1354. See also undpr 
Aggregates. 

air, effect of— on—, 1306. 
alkali, effect of— on—, 1276. 
arches, cost of—, 1378. 
asphalt, for waterproofing—, 
1273. 

beam, beams, 

continuous—, 1294, 1295, 

1368. 

diagonal stresses in—, 1293. 
forms for—, 1262-1268. 
maximum stresses in—, 1293. 
reinforced—, 1283, 1366. 

See also Beams, reinforced 
concrete—. 
sheaT in—, 1291. 
shear reinforcement for—. 

1292, 1294, 1296. 

specifications for—, 1366 
strength of—, 1283. 
stresses in—, 1283, 1293. 
diagonal—, 1293. 
maximum—, 1293. 
behavior of—, 1305. 
blocks, 1371, 1372. 
bond in—, 1258, 1279, 1307 
broken stone for—, 1252, 12 j3, 
1256, 1305, 1375. 

See also under Aggregate, 
buggies, 580 Q. 
building blocks, 1371, 1372 
buildings, cost of—, 1378. 
burning of—, effect on—, 1276, 

1306. 

carbonic acid, effect of— on » 
1306. 
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Concrete—Conveyor. 


Concrete,—continued, 
strength of—continued 

shearing—, 1274, 1306, 1341, 
1361. . 

tensile—, 1274, 1306. 
torsional—, 1306, 1341. 
transverse—, 1274, 1306. 
stress and stretch of—, 1306. 
stresses in—, allowable—, 

specfns, 1361. 
stretch of—, 1279. 
subaqueous use of—, 1268 
sunshine, effect of— on—, 1306 
superintendence of— work, cost 
of—, 1378 

surface finish for—, 1270, 1305, 
1360. 

cost of—, 1378 

tenii»erature, effect of— on, 
1262, 1274, 1275, 1276. 

1306. 

tensile strength of—, 1274, 

1306. 

tests of—, 1277, 1368. 

thawing of—, 1275. 

thermal conductivity of—, 1300. 

ties for railroads, 792. 

tooling of—, 1270 

torsional strength of—, 1270 

transjKirtation of—, cost of—, 

transverse strength of—, 1274. 
iremie, depositing by—, 1268. 
voids in—, 1256, 1305. 

\olume of—, 1256, 1305. 

excess of— required, 1256. 
walls, forms for—, 1264. 

retaining—, cost of—, 1378. 
washing of—, cost of—, 1376, 


1378. 

in water, 1250, 1268, 1358. 
water, effect of— on—, 1306 
mixing—, 1258, 1304, 1355. 
pressure of— on—, effect of 
—, 1306. 


water, 

salt—, effect of— on—, 1276 
sea—, effect of— on—, 1250, 
1276, 1304, 1306. 
waterproofing of—, 1272, 1360, 
1361. See also Concrete, per¬ 
meability of—. 

watertightness of—, 1256, 1271, 
1306, 1360, 1361. 
weather, effect of— on—, 1359. 
weight of—, 755, 1271. 
wet—, cost of—, 1378. 
wetness of—, 1258, 1262, 1355. 

See also Concrete, consistency 
wind, effect of— during mixing 
of—, 1260. 

Concretions in pipes, 655. 
Concurrent forces, 361, 364, 380. 
Conductivity, thermal —, 1309, 
1307. 


Conduit, Conduits. See Pipe. 
Cone, Cones, 200, 208. 

center of gravity of—, 395, 
397. 

frustum of—, 201, 395, 397. 
Coning of car wheels, 1040, 1062. 
Connecting curve, 866. 

Conoid, Conoids, 
frustum of—, 209. 
parabolic—, 209. 

Consequent, 38. 

Consid^ro hooped columns, 1281. 
Consistency, 1235, 1245, 1246, 
1304. 

normal—, 1235, 1246. 

Constant, Constants See Coeffi¬ 
cient, Coefficients. 

Construction, 

equipment, 579 y. 
railroad—, 

cost of—, 1094, etc. 
statistics of—, in U. S., 1130- 
1133. 

railroads for— 
train, 814. 

Contactor, in signaling, 992. 
Continued proportion, 38. 
Continuous 

beams, 489, 494 g, 1294, 1295, 
1368. 

bucket dredges, 581 1. 

cost of operating, 581 w. 
frogs, 833. 

•rail crossings, 847. 
rails, 810. 

Contour 
hues, 302. 

-planimeter, dredging, 581 u. 
Contracted vein, 541. 

Contraction, Contractions, 

of area under tensile stress, 752, 
754, 1153. 
coefficient 

in hydraulics, 542. 
by cold, 317, 806, 810, 818, 
1278, 1306 
force of—, 317. 
incomplete—, 541, 544. 
of rails, 818. 
of waterway, 623. 
work of—, 317. 

Contractor’s 

equipment, 579 y. 
plant, 579 y. 
profit. 1025. 

Controlled manual signal system, 
988. 

Conversion tables of units of 
weights, measures, etc, 228-253. 
Conveying 

machinery, 579 y . 

Convey or, Conveyors, 580 If. 
apron—, 580o. 



Conveyor—Crotch. 


Conveyor, Conveyors,—continued, 
belt—, 580 M. 
bucket, 580 n. 

bucket-chain trenchers, 580 V. 

bucket-wheel trencher, 580 u. 

elevating grader, 580 V. 

flight—, 580 P. 

helicoidal, 580 P. 

package—, 580 N. 

pan—, 580 o. 

pneumatic—, 580 P. 

portable—, 5800. 

pressure—, 580 P. 

scraper—, 580 P. 

screw—, 580 P. 

spiral—, 580 P 

vacuum—, 580 P. 

Cooper’s standard loadings, 755. 
Coping, concrete—, 1360. 

Coplanar forces, 361. 

Copper, 

compressibility, etc, of—, 460. 
cost of—, 1211, 1409. 
effect of cement, mortar, etc, on 
—, 1218, 1304. 
effect of water on—, 327. 
elastic limit, etc, of—, 460. 
expansion of— by heat, 317. 
pipes, seamless—, 1211. 
roofs, 1210. 
sheets, 1210. 

strength of—, 499, 500, 1212, 
1213. 

-sulphate, for wood, 1135. 
tubes, seamless—, 1211. 
weight of-—, 212, 1156, 1160, 
1168, 1169, 1210. 

Coral, dredging, 581 a. 

Cord, Cords, 
loaded—, 428. 
mechanics of the—, 425. 
-polygon, 377, 428. 
of wood, 234. 

Core borings, dredging, 581 v. 
Cork, weight of—, 212. 
Corporation cocks or stops, 664. 
Corrosion. See agent or material 
in question. 

Corrugated, 

bars, for reinforcement, 1299. 
flooring, 1206. 
sheet iron, 1162. 

Corrugation in rails, 793. 

Cosecant, Cosecants, 97. 

Cosine, Cosines, 97, 97 a, 97 ft, 98. 
logarithmic—, 72, 143 a-146 b. 
table of—, 98. 

Cost, Costs. See the article in 
question, 
conveying, 580 7. 

Data, Gillette’s—, 1098. 
dredging, 581 w. 
elements, 580 Z. 
estimates, dredging, 581 v. 
excavating, 580 7. 
price-list, 1400. 


Cotangent, Cotangents, 97, 97 b 
98 

tables of—, 98-142, 143 c-146 b 

Counterbracing, 634, 690, 705 

712, 721, 738, 746. 

Counterforts, 612. 

Couplers, car—, 1042. 

Couple, Couples, 404. 
moments of—, 406 a. 

Couplings for pipes and tubes, 651 
1164. 

Cover plate, 723. 

Coversed sine, 97 o. 

Crab, Crabs, 
bucket, 581 e. 
dredging, 581 e. 
hoists, 580 J. 

Crane, Cranes, 580 e, 580 F. 
bridge—, 580 g. 

-cars, 1054. 
locomotive, 580/. 
operation of—, 580 X. 
portal—, 580 F. 
traveling—, 580 g. 
see also Derrick. 

Crawlers, 580 G. 

Creeping, 809. 
in frogs, 833. 
of rails, 809. 
steel ties reduce—, 790. 
in turnouts, 845. 

Creo-resinate process, 1135. 

Creosote, 787, 788, 1134, 1401. 
for ties, cost of—, 1112 

Creosoting, cost of—, 1402. 

Crescent truss, 695. 

Crib, Cribs, 

coffer dam, 645. 
dams, cost of—, 645. 
foundations, 584, 585. . 

Critical velocity, 415. • 

Cross, Crosses, 

-binding, 809. 

-bracing, 691, 710, 748. 
-hairs, 296, 306. 

-section area, 456. 

•section paper, 73, 1389. 
cost of—, 1412. 
logarithmic—, 73. 

-shaped beam, 492. 
ties, 780, 784, 815, etc. S 
also Ties, railroad—. 

Crossing, Crossings, 845. 
combination—, 846. 
cost of—, 1115. 
grade—, cost of eliminating' 
1124. 

highway—, alarms for—, 992 
railroad—, 845. 
siJeciflcations for—, 847. 
ties for—, 847. 

Crossover, Crossovers, 827, 8’ 
868. 

ties for—, timber bill, 844. 

Crotch frog, 823. 
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Crowd—Cylinder. 


Crowd 

weight of—, 726. 

Crowding engise, 
dredge, 581 fc. 
excavator, 580 A. 

Crown, Crowns, 
coin, 218. 
of roadbed, 782. 

Crusher, Crushers, 

•dust, in mortar, 1244, 1354. 
rock and oie, cost, 1411. 
Crushing height, of masonry, 1215. 
Cube, Cubes, 55, 194, 195. 

roots, 54, etc, 66, 67. 

Cubic measure, 222, 225, 234-235. 
Culmination, 284, 287, 288 
< ulvert, Culverts, 613, 622, 627. 

cost of—, 1111. 

Cup bars, 1299. 

Curb, Curbs, 

,<ist of—, 1402 
m highway bridges, 750. 

Cm rent meters, 562. 

.ost of—, 1411. 

Cu rvature. 

For Railroad Curvature, see 
Curve, Curves, railroad—. 
of the earth, 153. 

Curve, Curves. 

•See Arc, p 179: Circle, p 161; 
Ellipse, p. 189, Parabola, p. 
192, etc 

For Rairoad Curves, see Curve, 
Curves, railroad—, below 
elastic—, 483 

large—, to draw—, 181, 937. 
railroad—, 874-981. 
arc measurement of—, 878, 
etc 

on bridges, 712, 756 
clearance on—, 1043. 
compensation for—, 1005, 

1078 

compound—, 912, etc. 

problems in—, 946, etc. 
connecting—, 866. 
degree of—, 875, 876. 
effect of— on distribution of 
live load, 712, 756 
equations for—, 890, etc 
gauge on—, 811. 812. 
geometry of— , 890, etc. 
graphic representation of—, 

876-877. 

inner and outer rails on—, 


811. 

load— 823. 

limiting—, 1084, 1085. 
location of—, 875, etc, 921, 


etc, 977. 

changes in—, 940. 
problems in—, 933, 
937, etc. 

maintenance on—, 821. 


etc, 


Curve, Curves,—continued, 
railroad—,—continued. 

measurement of— on arc, 
878. 

non-limiting—, 1084-1089. 
one-degree—, functions of—, 
904-908. 

ordinates to—, 854, 875, 892, 
893, 930, 933, 954, 964. 
for bending rails for—, 
816, 817. 

location of curve by—, 
930, 933, 954. 
m turnouts, 854. 
problems in—, 937. 
rails on—, 

bending of—, 815-817. 
railroad—, —continued, 
rails on—, —continued, 
inner and outer—, 811. 
laying of—, 821. 
wear of— on—, 813. 
resistance on—, 1061-1062, 
1077-1078. 
resurvey of—, 953. 
reverse—, 918. 
rolling stock on—, 1043. 
sharpness of—, 870, 877, 
878, 881, 883, 909, 953- 
955, 968, 970. 
maximum and minimum 
permissible—, 1079, 1080. 
m spiral curves, 968, 970. 
spiral—, 966, etc 
superelevation on—, 963. 
tangent to—, to draw—, 937. 
transition—, 966, etc. 
in tunnels, 1036. 
in turnouts, 860, 868. 
turnouts from—, 854, 859, 
873 

work done on—, 1077-1078. 
tangent to—, to draw—, 937. 
in water pipes, 537. 

Curvilinear motion, 351. 

Cut, Cuts, 

cost of—, 1024-1035. 
grades in—, 1077. 

-list, 1004. 

measurement of—, 1014-1023. 
Cutter, hydraulic dredge, 581 o. 
Cutting, Cuttings, 
diedging, 581, etc. 
level—, tnble of—, 1014. 
rock—, (hedging, 581 r. 

Cycloid, 194, 394. 

Cyclopean concrete, 1253, 1258, 
1355. 

Cvlinder, Cylinders, 196-198, 208, 
'223, 525, 526. 
iron—, concrete in—, 1276. 
pressure in—, 511. 
strengths of—, 511. 
volume of—, 197-198, 208, 223, 
525. 526. 
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Cylindrical- 

Cylindrical, 

ungula, 199, 397. 

Cyma, to draw —, 191. 


D 

Dam, Dams, 400, etc, 430, etc, 
433, etc, 502, 576, 642. 
backwater on—, 575. 
cautions respecting—, 436. 
center of pressure against—, 
400. 

coffer—, 585-586. 
construction of—, 585, 642. 
deflection of—, 436. 
discharge over—, 547. 
head on—, 575. 

masonry—, 400, etc, 430, etc, 
433, etc. 

stability of—, 433, 508. 
stone, 400, etc, 430, etc, 433. 
timber—, 642. 
trembling in—, 648. 
walls of—, 508, 611. 
wooden—, 642. 

Dating nails, 788. 

Day, Days, 236, 265, 266. 

Dead load, Dead loads, 
for bridges, 690, 755. 
in roof trusses, 713. 
stresses due to—, graphic 

method, 703. 

Dead rails, 1003. 

Decagon, 148. 

Decagram, 226, 231, 236. 
Decaliter, 225, 235. 

Decameter, 225, 233. 

Decastere, 225, 235. 

Decay of timber, 1134. 

Decigram, 226, 231, 236. 

Deciliter, 225, 235. 

Decimal, Decimals, 37. 

of a degree, mins and secs in—, 
95. 

of a foot, inches expressed in—, 
221. 

fractions, 37. 
logarithms, 70. 
roots of—, 67. 

Decimeter, 225, 233 
Decistere, 225. 

Deck trusses, 692. 

Declination, Declinations, 
magnetic—, 301. 
of a star, etc, 284, 290. 
Deflection, Deflections, 
angle, 875, 921, etc, 971. 

in spiral curves, 971, 977. 
of arch, 436. 

of beams, 480, 483, 486, 492. 

of uniform strength, 486. 
of cantilevers, 480, 483, 486. 

of uniform strength, 486. 
coefficient. 483. 


-Diagonal. 

Deflection,—continued. 

of cross-shaped beams, 492. 
of dams, 436. 
and fiber stress, 481. 
of trusses, 718. 

Deflector, hydraulic excavator, 

580 7. 

Deformed bars in reinforced con¬ 
crete, 1278, 1297, 1307, 1362. 

Degree, Degrees, 

of curvature, 875, 876. 
of latitude, length of—, 220. 
of longitude, length of,—, 221. 
mins and secs in decimals of—, 
95. 

Dehydration, 1276 

Dekagram, 226, 231, 236. 

Dekaliter, 225, 235. 

Dekameter, 225, 233. 

Dekastere, 225, 235. 

Delivery yards, 1007. 

Delta Cassiopeia, 285. 

Demagnetization of compass needle 
302. 

Demi-revetment, 612. 

Denominator, 35. 

Density, 338. 
of air, 320. 
relative—, 210. 

Departures and latitudes, 274, 
960-961. 

Departure tracks, 994. 

Depositing concrete. See Con¬ 
crete, placing of—. 

Depreciation, 43. 

Depth, Depths, 

of beams for a given deflection 
483. 

conversion table of—, 239. 
on dams, 554. 
effective—, 759. 
equivalent of—, in volumes pel 
surface, 250. 
flow at different—, 560. 
for a given deflection, 483. 
hydraulic mean—, 564. 
of keystone, 613. 
for permissible deflection, 485 
pressures at different—, 501 
648. 

Derailing, 825-826, 988. 

Derrick, Derricks, 580 D. 
cost of—, 1410. 
guv—, 580 d. 
stiff-leg—, 580 E ; 
see also Crane. 

Detector bar, 989. 

Detrusion, 499. 

Dew-point, 321. 

Diagonal, Diagonals, 
oounterbraces, 712. 
of parallelogram, 95, 157. 
stresses in beams, 494 a-e, l* y 
of trapezoid, etc, 158. 
in trusses, 689. 
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Diagram- 

Diagram, Diagrams, 
of curvature, 876-877. 
for dead-load stresses, 703. 
influence—, 

for beam?, 449. 
for pressure distribution, 403 
for Kutter’s formula, 570. 
for live-load stresses, 706. 
moment—, 442, etc, 499, 452, 
453, 474, 479. 
moment and shear—, 449. 
of reactions, shears and mo¬ 
ments, 453. 

for shear m trusses, 702. 
truss—, 707. 
wheel—, 706. 

for Williams-Hazen formula, 

529 a-b 
Dialing, 268. 

Diameter, Diameters, 
of bolts, 1165. 
of car wheels, 1040 
of circle, 

ratio to circumference, 161 . 
of pipes, 524, 1164, 1210. 
actual and nominal—, 526, 
1164. 

square roots of—, 526 
of wire, 1169-1173. 

Diamond, 
bar, 1299. 
drill, 675. 
cost of—, 1409 
turnout, 825, 867. 

Diesel excavating, etc, 580 H. 
Differential 

drum, dipper dredge, 581 k. 
Differential hoist, 580 %. 
cost, 1410. 

Digest of specifications, 
rails, 794, etc. 

Dimensions. See the article in 
question. 

Diminished chains, 878 
Dipper, Dippers, 
constellation of—, 285. 
dredges, 581 j. 

cost of operating, 581 iv. 
for excavation, 580 A. 
teeth, 580 a. 

Direction, angle of—, 765. 

Dirt ballast, 783 
Disc, Discs, 
plow, 580 ft 
signals, 983. 

Discard, in steel rails, 795. 
Discharge, Discharges. See also 
Flow. 

through adjutages, 540. 
through channels, 560. 
through compound pipes, 531. 
through contiguous openings. 
542. 

over dams, 547. 
through notches, 559. 


-Dowels. 

Discharge, Discharges,—cont. 
through orificos, 539, 546. 
pipe-line, hydr. dredge, 581 p. 
sweep, conveyors, 580 m. 
through pipes, 516, etc, 531. 
through sewers, 574 
through short tubes, 540. 
tables of—, 261-265. 
through tlun partition, 541. 
units of rates of—, conversion 
of—, 243. 
over weirs, 547, etc. 
Disintegrated rock, dredging, 
581 a. 

Disposal of dredged mat’l, 581m, 
&c. 

Distance, Distances, 
external—, 875, 891, 892, 904- 
908. 

in spiral curves, 968. 
frog—, 823, 852, 853, 854, 856, 
860, 868, 873. 
polar—, 284. 

records of—, on trains, 1068. 
by sound, 316. 
tangent—, 875, 927-928. 

Distant signals, 983. 

Distributing reservoirs, 653. 
Distribution of pressure, 400. 
Ditch, Ditches, 
definition, 580 U. 
excavation, 580 V. 
hydraulic excavation, 580 v. 
railroad—, 782. 

Ditcher, 580 U. 

Diurnal magnetic variations, 301. 
Diving, 

apparatus, cost of—, 1411. 
-bell, 321. 

Division, Divisions, 
of decimals, 37. 
of fractions, 36. 

by logarithmic chart or slide 
rule, 75. 

by logarithms, 71 
of a modified logarithm, 72. 
of ratios, 38 
Divisor, common—, 35. 

Dodecagon, 148. 

Dodecahedron, 194. 

Dollar, Dollars, 
value of—, 218. 
weight, etc, of—, 219. 

Dome, pneumatic—;, 665. 

Dorsey wire, dredging, 581 e. 
Double, 
float, 561. 

-intersection truss, 694. 
reinforcement, 1295, 1367. 
riveting, 772. 
rule of three, 39. 
shear, 499, 774. 

Dowels, for screw spikes, 803, 
804. 



Draft—Barth. 


Draft, Drafts, 
gear, 1042. 
of horses, 683, 685. 
of vessels, 515. 

Drafting machines, cost of—, 
1412. 

Drag, Drags, 

-head, hydr. dredge, 581 q. 

-line, 

cable, 580 D, 580fc. 
dredging, 581 b. 
excavators, 580 c. 
scrapers, 580 <\ 
cost of dredging, 581 «\ 
scraper, 580 (', 1020. 

cost of—, 1410. 
of train on bridge, 711, 758. 

Drain, Drains, 

area drained by—, 575. 
box—, 627. 
under ditches, 782. 
foundations of—, 627. 

-pipe, 575. 

Drainage 

of roadways of bridges, 628. 
sewers, 574. 
of tunnels, 1036. 
of turntables, 1000. 

Draw-bar pull, measurement of 
—, 1067. 

Draw-bridges, 696. 
cost of—, 1111 

Drawing, 

instruments, cost of—, 1412. 
materials, 1389. 
paper, cost of—, 1412. 

Drawn pipes and tubes, 1211. 

Dredge, Dredges, 581 b 
barge-loading—, 581 l. 
continuous bucket—, 581 1 
dipper—, 581;. 
drag-line—, 581 b. 
elevator—, 581 l. 
grapple—, 581 c. 
hydraulic—, 581 n. 
ladder—, 581 1. 
land—, 1032. 
maintenance, 581 w, 
scoop—, 581 b. 
sea-going hopper—, 581 1. 
stationary—, 581 l. 

Dredger, see Dredge. 

Dredging, 581. 

costs, 581 w, 1408. 
rock—, 581 #. 
time lost, 581 x. 
time at work, 581 x. 

Dressing, stone—. 601. 

Drifting test, 752. 

Drill, Drills, 

boat, sub-aqueous rock excava¬ 
tion, 581 r. 
cost of—, 1409. 
rock—, 600, 675. 
spud, sub aqueous rock excava¬ 
tion. 58] r. 


Drilling, 

artesian well—, 671. 
rock—, 600, 670, 675. 
sub - aqueous, rock - breaking, 
581 r. 

tunnel—, 1036. 

Drive, 

belt conveyor, 580 m. 
bucket conveyor, 580 n. 

Driving wheels, weights on—, 
705, etc, 765, etc. 

Drop tests, 1151. 

Drop timbers, 644. 

Drowned weirs, 554. 

Drum hoist, 580 /. 

Dry, 

drains, 627. 
measure, 223. 
rot, 1134. 

Dual tire, 580 G. 

Dualin, 1398 
Dubuat’s formula, 555. 

Ducat, value of—, 218. 

Dump 

bucket, 579 z. 
car, 1053. 

for industrial r\s, 580 s. 
cart, 580 Q. 
truck, 580 Ii. 
wagon, 580 Q. 

Dumping of concrete. See Con¬ 
crete, placing of—. 
Duodecimals, 47 

Duodenal or duodenary notation, 
47. 

Duplicate ratio, 38. 

Dust, crusher— in concrete, 124-1. 

1354. 

Dwarf, 

orange-peels, 580 A. 
signals, 984. 

Dynamics, 330. 

train—, 1070, etc. 

Dynamite, 1395, 1402. 
Dynamometer cars, 1067. 

Dyne, 337, 341. 

Dyne-centimeter, 341. 

E 

E. and W. line, to run—, 277 
Earnings, railroad— in U. S., 
statistics of—, 1130-1133. 
Earth, 

augers for—, 670. 
bearing power of—, 583. 
blasting of—, 1396. 
boring of—•, 670. 
curvature of—, table of—, 153- 
d red gin g, 581. 
excavation, cost of—, 581 
1408. 

friction of—, 612, 683. 
great circle of—, 220, 284. 
hauling of—, 1025. 
heat of—, 820. 
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Earth—Equation. 


Earth,—continued. 

leakage through—, 329, 651. 
leveling of-^-, 1025. 
loosening of—, 1024. 
natural slope of—, 419, 607, 
610. 

pressure of—, 607. 
radius of—, 220. 
resistance of—, 583. 
shoveling of—, 1024. 
shrinkage of—, 1023. 
slope of—, natural—, 607, 610. 
supporting power of—, 583. 
temperature of —, 320. 
weight of—, 212. 

•work, 1014-1035. 

cost of—, 1024, 1105, 1106, 
1409. 

in tunnels, 1036. 
volume of—, 1014, etc. 
Easement railroad curves, 966. 
Easer rail, 830, 846. 

East-and-west line, to run—, 277. 
Eastern elongation, 284. 

Easting. 274. 

Eccentric loads, 484, 712 
Effective size, 1239. 

Efficiency, contractors equipt^ ^ 

Efflorescence, 1221, 1249. 

Effort, tractiv—, 1044. 

industrial locomotives, 580 a. 
Elastic, 
curve, 483 

deflection of trusses, 718. 
limit, 459 

modulus, 456, 458, 460. 
ratio, 459. 
resilience, 460. 

Electric 

blasting machine, 1398. 
brakes, 1041. 
hoists, 580/. 
interlocking, 990. 
motors, inertia of—, 1065. 
railroad, 

bridges, loads for—, 1 57- 
cost of—, 1129. 
signals for—, 991. 
Electricity 

in compass box, 302. 
for dredging, 581 t. 
for excavating, 580 U. 
Electrolysis, . . 

in concrete and reinforcement 
1276, 1306, 1307. 

Elephant trunk spouts, .>80 A. 
Elevated railroads, cost or , li** 
Elevating 
devices, 580 h. 
graders, 5801. 

Elevation, track—, cost of 

1124. 

Elevator, Elevators, 
cost of—, 1410. 


Elevator, Elevators,—continued, 
dredges, 581 1. 

cost' of operating, 581 w. 
of elevating grader, 580 TJ. 
material—, 580 j. 

Ellipse, 188-191. 
false—, to draw—, 191. 
ordinates to—, 189. 
tangent to—, to draw—, 189. 
Ellipsoid, 209. 

Elliptic, 

arc, 189, 190. 
arch, 616. 

joints in—, to draw—, 189. 
Elm wood, 

strength of—, 476, 1137, 1138. 
weight of—, 212. 

Elongation, Elongations, 
in bridge steel, 752. 
by heat, 317. 

polar dists and azimuths of 
Polaris at—, 290. 
of Polaris, 

location of meridian by—, 
286. 

times of—, 288. 
of a star, etc, 284. 
in steel, required—, 1153, 1154, 
1155. 

of truss members, 718. 
Embankment, 1014-1035 

cost of—, 1024, 1105, 1106, 
1408. 

shrinkage of—, 1023. 
sod line on—, 782. 

End, Ends, 

post, design of—, 723. 
reactions, 360, 439, 699, 702, 
714. 

Energy, 343. 
kinetic—, 343, 345. 
potential—, 346. 
and speed, 1070. 
of trains, 1070. 

Engine, Engines. 

continuous bucket dredges, 
581m. 

cost of—, 1410. 
crowding—, 581 k. 
grapple dredges, 581 a. 
houses, cost of—, 1116, 1118. 
for hydraulic dredge, 581 p. 
pumping—, 3012. 
wheel loads of—■, 705. 
Engineers’ instruments, 291-311. 
Entry head, 516. 

Equal, . . ... 

altitudes, location of meridian 
by any star , at—, 287. 
shadows from tho sun, location 
of meridian by—, 288. 
Equality of ratios, 38. 

Equation, Equations, 
of payments, 42. 
of time, 265. 
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F.quilaternl—Ferrule. 


Equilateral turnout, 825, 867. 
Equilibrium, 358. 

in beams and trusses, 437, 466, 
698. 

of couples, 405. 
of floating bodies, axis of—, 
514. 

indifferent—, 387, 514. 
in levers, 360, 419. 
of moments, 360, 419 
•polvgon in trusses, 707. 
Stable—, 387, 514 
unstable—, 387, 514. 
vertical of—, 514. 

Equipment, 

contractor’s, 579 y. 
railroad—, 

cost of—, 1119 
statistics of—, 1130-1133 
Equivalence of work in trusses, 
718 i, , 

Equivalents (conversion tables), 
230, etc. 

Erection of bridges, 743, 763 
Erg, 341 
Erz-oement, 1225 
Establishment of a port, 326 
Euler's column formula, 497, 
498 a, 498 b. 

Evaporation, 329, 561. 

from mortar, 1304 
Evolution by logarithms^ 1 1 
Excavating machinery, 579 y. 
Excavation, Excavations, 1014- 
1035 

cost of—, 1021. 1408. 
grades in—, 1077. 
hydraulic—, 580 V. 
railroad—, cost of—, 1105, 

1106 

sub-aqueous—. 581 
in tunnels, 1036 
under-water—, 581 
volume of—, 1014. 

Excavator. Excavators, 580 # 
gee also t> pe in question, 
cost of— , 1014 
drag-line, 580 c. 
ladder, 580 V. 
tower—for dredging, 581 r. 
Excess loads, concentrated—, 705 
Expanded metai, 1300. 

cost of—, 1404. 

Expansion, Expansions, 
bearings, 721, 725, 751. 
bolts, 1166 

coefficient, 317, 806, 810 
of concrete, 1247, 1276, 1305 
force of—, 317. 
by heat, 317. 
of rails, 818. 

-shims, 818 
Expense, Expenses, 

excavating and conveying, 

580 r. 


Exix'nse. Expenses,—continued. 

railroads, 1095, 1130, 1133. 
Explement, 97 
Exploder, Exploders; 1398 
Explosive, Explosives, 1394 
cost of—, 1402 
sub - aqueous rock - breaking, 
581 r 


Exponential formulas, 529. 
External. Externals, 875, 891, 

892, 904-908 

distance. See External, above 
in one-degree curves, 904, 


in spiral curves, 968. 
secant, 97 a 
Extrados, 613. 

Extreme fiber stress, permissible 
—, 759 

Extremes, m ratio and proportion, 


38 

E> e-bars, 721, 747. 
design of—, 722. 
full-size—, tests of—, 753 


Factor, Factors, 
common—, 35. 
friction-—, 531. 
lime—, 1226. 
and multiples, 35. 
roughness— , 528 
safety- . See the constructor 
or material in question 
Fahrenheit thermometer, 316 
Fall-rope carriers. 580 h. 

Falling, 

bodies, 348, 539. 

False, 

ellipse, to draw—, 191. 
flanges, 830, 832. 

•works, 743. 

Fanega, 227. 

Fascines, 599. 

Fastening, Fastenings, 
cost of--. 1404. 
rail—, cost of—, 1113. 
for ties, 789 
Fathom, 220, 232 
Fatigue of materials, 465. 

Faucet in pipe joint, 660. 

Feet. See Foot, Feet. 

Felling season, 788. 

Fence, Fences, 

cost of—. 1115, 1118, 
snow—, cost of—, 1115. 
wire—, cost of—. 140b. 
Fencing, cost of—, 1403. 

Feret, R —, sand analysis, 
Ferris-Pitot meter, 536. 

Ferrule for water pipe, bb4 
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Fiber-Force. 


Fiber, Fibers, 
reactions, 466. 

stress, 466, 467, etc, 481, 759. 
and beam deflection, 481. 
permissible—, 759. 

Fifth powers and roots, 67-69. 
Figure, Figures, 148. 
areas of—, 160. 
to enlarge—, 160. 
irregular—, to find area of—, 
160 

similar—, 464. 

Filler. Fillers, 
cost of—(paints), 1402. 
in pin joints, 725. 

Filling, spandrel—, 613. 

Filtration, rate of—, equivalents 
of—, 229, 252 

Fineness. See Cement, Sand, etc. 
Finish, hard—, 1379. 

Fmk truss, 695. 

Fir wood, strength of—, 1137, etc. 
I ire, Fires, 

effect of— on concrete, 1276, 
1306. 

heat of—, 317. 

-hjdrunt, 669 
u>M of 1416. 
prevention of—, 788. 

-proof floors, 1176. 

-proof work; reinforced concrete 
m—, 1364. 

-proofing, cost of—, 1409. 
-protection, water for—, 650. 
temperature of—, 317. 

Firing of blasts, 1398. 

Fish plates, 798. 

Fitting, Fittings, 
derm k—, 580 d. 
pipe— 656,1164. 

Flagging, 
cost of- , 1402. 
strength of—, 476. 

Flange, Flanges, 1040. 

false—, 830, 832. 

Flangers, 1055. 

Flangeways, 822, 829, 831, 834. 
Flashing of cement, 1228, 1247. 
Flat shifting, 1002. 

Heeling spud, 581 k. 

Flexible joints for pipes, 661. 
Flight conveyors, 580 P. 

Hont, Floats, 560, 561. 

side—, dredging, 581 ft. 

Floating, 
bodies, 513. 

Flood, Floods, 
prediction of—, 580*. 

Hock dredging, 581 8. 

Floor, Floors, 
beams, 720, 749. 

connections for—, 730. 
bridge—, 720, 749. 
concrote—, 1366. 
forms for—, 1264, 1266. 


Floor, Floors,—continued, 
concrete— y —continued. 

reinforced—, 1366. 
corrugated—, 1206. 
fire-proof—, 1176. 
glass—, 1385. 
loads on—, 726. 
reinforced concrete—, 1366. 
sections, rolled—, 1206. 
systems of bridges 720, 749. 
trough—, 750, 1206. 
for turntables, 1000. 
wooden— in bridges, 750. 
Z-bar— 1206. 

Florin, 218. 

Flotation, 513. 

Flow, 

through adjutages, 540. 
in channels, 560 
m compound pipes, 531. 
thru contiguous openings, 542. 
full—, 540. 

Kutter’s formula for—, 523 
563, 564. 

obstructions to—, 537, 576. 

through orifices, 539, 546. 

in pipes, 516. 

in sewers, 574. 

through short tubes, 540. 

steady—, 527 

in streams, 560. 

in syphon, 520. 

theory of-—, 527. 

through thin partition, 541. 

in trough, 544. 

over weirs, 549. 

Fluid, Fluids See also Liquid, 
friction of—, 415, 523, 524, 
527. 

factor of—, 530, 531. 

Flux, cost of—, 1402. 

Fly-wheels, centrifugal force in—, 
355. 

Follower, in pile-driving, 594. 

Foot, Foet, 

cubic—, equivalents of—, 222, 
234. 

of substances, weight of—, 
212. 

equivalents of—, 232. 

•guards, 830, 834. 
inches m decimals of—, 221. 
of mercury, pressure of—, 
equivalents of—, 241. 
per mile, equivalents of—, 237. 
per second, equivalents of—, 
242. 

•pound, 237, 341. 

Footings for columns, 1192, 1282. 
Force, Forces, 330, 332, 358. 
acting upon beams and trusses. 
437. 

acting upon trains, 1056. 
application of—, point of—, 
333. 



Force—-Friction. 


Force, Forces,—continuod. 

applied and imparted—, 372. 
center of—, 399, 506, 514. 
centrifugal—, 3 54. 

on bridges, 758. 
centripetal—, 354. 
classification of—, 361. 
colinear—, 363. 
component—, 362. 
composition of—, 362, 364. 
concurrent—, 364. 
coplanar—, 364. 
definition of—, 332. 
of expansion, 317. 
on inclined planes, 349. 
internal— in beams, 466, 494 a. 
lateral— in trains, measure¬ 
ment of—, 1068. 
as linear rate of work, 341. 
living—, 343. 
measure of—, 338. 
parallel—, 382. 
couples, 404. 
resultant of—, 399. 
parallelogram of—, 364. 
parallelopiped of—•, 380. 
point of application of—, 333. 
polygon of—, 374, 377. 
resolution of—, 362, 364. 
resultant of—, 362. 
in rigid bodies, 330, 358. 
tractive—, 1070. See also 

Traction. 

and grade length, 1076. 
measurement of—, 1067. 
on trains, 1056. 
transmission of—, 358. 
triangle of—, 367. 
units of—, 358. 

conversion of—, 235. 
and work, relation between—, 
341. 

Forcite, 1398. 

Foreign coins, 218. 

Forestry, 788. 

Forgings, steel—, requirements 

of—, 1152. 

Form, Forms, 

for concrete, 1262, 1305, 1357. 
See also below, 
adhesion of—, 1267. 
for beams, 1264. 
for blocks, 1371. 
for columns, 1263. 
cost of—-, 1377. 
depreciation of—, 1377. 
for floors, 1264. 
for girders, 1264. 
lagging for—, 1264, 1357. 
lumber for—, 1265. 
reinforced—, 1263. 
removal of—, 1267, 1359, 
1360. 

shifting of—, cost of—, 3 377. 
for sidewalks, 1370. 


Form, Forms,—continued, 
for concrete,—continued, 
for slabs, 1264. 
strength of—, 1266. 
tie-rods in—, .1357. 
for walls, 1264. 

Formula, Formulas. See the given 
problem or author. 

Forwarding yard, 994, 1005 

Foundation, Foundations, 582, etc 
for arches,. 613. 
for centers, 631. 
for culverts, 627. 
cylinders in—, 594, 596, 597, 
599, 600. 
for drams, 627. 
of fascines, 599. 
leveling of— with concrete, 
1254. 

for retaining walls, 612. 
for trestles, 1038. 
for turntables, 1000. 

Foundry cranes, 580 F. 

Four-way stop-valve, 667. 

Fourth proportional, 38. 

Fraction, Fractions, 35. 
logarithms of—, 71. 

Frame, Frames, 
unit—, 1301. 

Framing, timber—, 734. 

Franc, value of—, 218. 

Francis’s wetr formula, 550. 

Franklin Institute standard di¬ 
mensions of bolts, etc, 1165. 

Freezing, 326, etc. 

of concrete. See Concrete, freez¬ 
ing of—. 

of dynamite, 1396. 
of explosives, 1394. 
of nitro-glycerine, 1394. 
in pipes, 656, 665. 
behind retaining walls, 604. 
in stand-pipes, 663. 
in track-tanks, prevention of—. 
1013. 


in turnouts, 845. 
of water, 326. 

Freight, 

cars, life, etc, of—, 1053. 
stations, 1006, 1115. 

cost of—, 1115. 
yards, 995, 1006. 
cost of—■, 1117. 

Friction, 407. 

angle of—, 409, 482, 433 
in arch, 432. 
in- dam, 433. 
axle—, 416. 
of ears, 417, 1057. 
coefficient of—, 408. 
of earth, 612. 

•factor, 530, 531. 

fluid—, 415, 523, 524, 527, etc 


-head, 516, 528. 
on inclined planes, 350. 
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Friction- 

Friction,—continued. 

internal— of rolling stock, 417, 
1057. 

of iron cylinders, 593. 
journal—, 416, 1057. 
kinetic—, 409 
launching—, 415. 
longitudinal— of revolving 
shafts, 419. 
of masonry, 411, 612. 

Morin’s laws, 410. 
of piles, 593. 

of revolving shafts, longitudinal 
419. 

of rivets, 1205. 

•rollers. 417, 725. 751. 
of rolling stock, 1057. 
train—, 1057 
in walls, 608. 

Frictional stability, 409. 

Frog, Frogs, 822, 828, 830, 831, 
834. 

•angle, 829, 848, 853, 860. 
continuous—, 833 
cost of—, 1113. 
crotch—, 823. 
dimensions of—, 834, 864. 

American Railway Ass’n, 864 
•distance (“lead”), 823, 852, 
853. 854. 856, 860, 868, 873. 
fastenings for—, 829. 
flangeways in—, 831. 
guard rails for—, 834. 
left and right hand—, 829, 833. 
movable-point center—, 846. 

847. 

-number, 829, 848, 871. 

-point, 823, 828. 

right and left hand—, 829, 833. 

sliding wing-rail—, 833. 

specifications for--, 833. 

spring-rail—, 831, 833. 

wear of—, 830. 

wing rails of—, 829. 

Frost, 

m concrete, 1359, 1360. 
in turnouts, 845. 

Frustum, 
of cone, 201 
of parabola, 192 
of paraboloid, 209. 
of prism, 195 
of pyramid, 201. 

: ’ !e\ and Stearns’s formula, 552. 
Fuel, Fuels, 

-stations, cost of—, 1116, 1118. 
Fulcrum, 419. 

Full flow', 540. 

Fumes, 

acid—, efFect of— on roofs, 
1381. 

coal—, effect of— on iron. 1162 
angular—, 97, 97 a, 97 6. 
of one-degree curve, 904, 905. 

51 


-Giant. 

Function, Functions, 

of railroad curves, 875, etc, 904 
905. 

trigonometric—, 97, 97 a, 97 6. 
Funded debt of railroads. 1121. 
Fund, sinking—, 43 
Funicular machine, 427. 

Furlong, 220, 232. 

Fusees, as signals, 982. 

Fusing points, 317. 


G 

G C. B., 35. 

Gage, Gages. See Gauge, Gauges. 

Gallon, Gallons, 223, 224, 234. 

Galops Rapids, rock dredging, 
581 s 

Galvanism, effect of— on metals, 
327. 656. 

Galvanized 

iron, 1162, 1404. 
pi lies, 664. 

Galvanizing, 327, 1162, 1409. 

Gang plow, 580 a. 

Gantry, 580 g. 

Gard, Gards. See Guard, Guards. 

Gas, weight of—, 211. 

Gasket, 660, 661. 

Gasoline 

-electric, excavating, 580 H. 
for excavating. 580 E. 

Gate valves, 666 
cost of—, 1416. 

Gauge, Gauges, 

Birmingham wire—,1169,1172. 
hook—, 548. 

cost of—, 1411. 
railroad—, 

on bridges, 746. 
on curves, 811, 812. 
in turnouts, 828, 852. 
ram—, 324. 

Stubs- , 1172 
-stuff, 1379 
wire— 11691173 

Gauging of streams, 560 

Gauntlet, 824 

Gauthey’s pressure plate, 561. 

Gear, Gears, 
draft-. 1042 

Gearing, ratio between power ano 
weight, 420. 

Gelatine, explosive—, 1398. 

Geographical mile, 220. 

Geometrical, 
progression, 39 
similarity, 92. 

Geometry, 92. 

Giant, Giants, 
hydraulic—, 
dredging, 581 «. 
excavation, 580 V. 
powder, 1397. 
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Gill, 223. 

Gillette, H. P.—, “Cost Data,” by 
—, 1098. 

Gin, 686. 
pole, 580 e. 

Girder, Girders. See also Beams, 
details of—, 728. 
erection of—, 743. 
plate—, 731, 747, 749 

Glass, 1384. 
cost of—, 1385, 
expansion of— by heat, 317. 
friction of—, 411. 
strength of—, 476, 1214, 1215, 
1385. 

weight of—, 212 
window—, dimensions, etc, of 
—, 1384. 

Glazing, 1384. 

Globe, Globes, 204, 205. 

Glue, adhesion of—, 1214. 

Glycerine, nitro—, 1394. 

Gneiss, weight of—, 213. 

Gold, 

dredging, 581 a, 581 n. 
strength of—, 1212. 
value of—, 219 
weight of—, 213, 219. 

Goose-neck shovel, 580 b. 

Gordon’s column formula, 497. 

Grab, Grabs, 
dredging, 58] r. 
excavation, 580 A. 
grapple dredge, 581 e 

Grade, Grades, 255-257. 
acceleration—, 1076. 
compensation—, 1078 
conversion of—, 237. 
cost of operation of—, 1076. 
crossings, cost of eliminating—, 
1124. 

in cuts, 1077. 
defined, 255, 256. 
effect of— on horses, 683. 
equivalent—, 1061. 
equivalents of—, 237. 
functions of—, 254. 
humps and sags, 1076. 
hydraulic—, 519, 521. 
length of—> effect of— on trac¬ 
tive force, 1076. 
limitations, 1077. 
limiting—, 1078, 1084. 
momentum—, 1076 
non-limiting—, 1084, 1087-1088, 
and operation cost, 1076. 
as percentage, 255. 
pusher—, 1087 

reduction of— on curves, 1005, 
1078. 

resistance of—, 683, 1060. 
of roads, 255, 683. 
sags and humps, 1076. 
of sewers, 574. 
on sidings, 1077 
tables of—. 255-257. 


Grade., Grades,—continued, 
traction on—, 683. 
trains on—, bohavior of—, 
1074. 

in tunnels, 1036. ' 
on turnpikes, 255. 
and velocity, 1071. 
virtual—, 1071. 
of water pipes, 653. 
work on—, % 1075 
Grader, Graders, 580 t. 
elevnting—, 580 t. 
leaning-wheel—, 580 t. 

Gradient, hydraulic—, 519, 521 
Grading, 

of aggregate for concrete, 1256 
1257. 

cost of—, 1024, 1104, 1105. 
railroad—, cost of—, 1024, etc, 
1104, 1105 

of sand for concrete, 1238 
Grain (a weight), 220, 226, 235 
Gram or Gramme, 217, 226. 

equivalents of—, 236. 

Granite, 

as aggregate, 1305. 
beams, 1216. 

blocks, cost of—, 601, 1402. 
cost of—, 1403 
expansion of— by heat, 317. 
rubble, cost of—, 602. 
strength of—, 476, 1215, 1216 
woight of—, 212, 755. 
Granulated slag, 783. 
Granulometric analysis of sand, 
1238. 

Graphic, Graphics, 
method, applied to 
couples, 405. 
curvature, 876-877. 
curve problems, 937. 
stresses in trusses, 703, 706 
statics, 428*431, 435. 

Grapple, Grapples, 
of dredge, 581 c. 
dredges, 581 c. 

cost of operating—, 581 w 
Gravel, 

as aggregate, 1304, 1305 
as ballast, 783. 
boring in—, 670. 
concrete, cost of—, 1378. 
in concrete, 1252, 1304, 1305 
cost of — 1375, 1378 
dredging in—, 580. 
effective size of—, 1239. 
for foundations, 582. 
natural slope of—, 610. 
quartering of—, 1238. 
screenings, 1238, 1245, 130>. 
uniformity coeff. of—, 1239 
weight of—, 213. 

Gravity, 

acceleration of—, 250, 33u-3 - 
348-350, 539. 
center of—, 386, etc. 
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Gravity—Hemisphere. 


Gravity,—continued. 

classification yard, 1002. 
on inclined planes, 349. 
line of—, *189. 
plane of—, 389. 
specific—, 210. 

Gray column, 1187. 

Great Bear, constellation, 285. 
Great circle, 220, 284. 

Greatest common divisor, 35. 
Grillage, 590. 

Gros, 226. 

Gross ton, 216. 

Grouping yards, 1005. 

Grousers, 580 (f. 

Grout, 1218, 1270, 1273. 

(i routers, 580 (i 

Grubbing and clearing, cost of—, 
1104. 

Guard, Guards, 
foot—, 830, 834 
•rails, 750, 822, 823, 833, 834, 
1080. 

wheel—, 750. 

Gudgeon, 416. 

Gumbo as ballast, 783. 

Gun, Guns, 

cement'—, eost of—, 1411. 
-cotton, compressed—, 1397. 
-metal, strength of—, 1212. 
-powder, 1399. 
cost of—, 1402. 
pile-driver, 591. 
weight of— (under Powder), 
214. 

Gunter’s chain, 220, 232, 282. 
Gutta percha 
pipe, 657. 
weight of—, 213. 

Guy derrick, 580 d. 

Gypsum, 

in cement, 1246, 1247, 1303. 
cost of—, 1403. 
weight of—, 213. 

Gyration, radius of—, 352, 353 a, 
353 b, 496, 1174. 


H 

H C. F., 35. 

11-columns, 1193. 

H P. See Horse-power. 

Hair, 

cross—, to replace—, 296. 
stadia—, 293. 

Half-section, equivalents of—, 233. 
Hammers, cost of—, 1409. 
Hammerhead cranes, 580 r. 
Hammering machines, 
rock dredging, 581 r. 

Hand, Hands, 

-cars, 1055. 
hoist, 580 i. 
level, 310. 
winch, 580 J. 


Hanging hoist, 580 i. 

Hard 

finish, 1379. 

•pan. See Hardpan (below). 
Hardening of mortar, 1222, 1245, 
1247, 1248. 

Hardpan, 

dredging, 581. 

* cost of—, 581 x. 
excavating, cost, 1106. 
Hasselmann process, 1135. 

Haul, mean—, 1025. 

Hauling, 683, 685, 1025, 1029. 
Havemoyer bar, 1299. 
Hazen-Williams formula, 529. 
Head, Heads, 

-blocks, 843 

of bolts, 1165. 

on dams, 575. 

due to obstructions, 575. 

entry—, 516 

friction—, 516, 528. 

for piles, 593 

pressure—, 258, etc, 518. 

-rod, 837 

theoretical—, 539. 
towel, 580 L. 
tripod—, 292. 

velocity—, 516, 539, i.065. 
virtual—, 1070, 1071. 
of water, 258, etc, 516, 518, 
528, 539, 575. 
for water supply, 654. 

Heading, 1036. 

Headway in bridge, 746. 

Heat, 

of the air, 320. 
conduction of—, by air, 320. 
effect of— on concrete, 1275, 
1276, 1306. 

expansion by—, of air, 320. 
of solids, 317. 

of survey chains, 274, 283. 
of fires, 317. 
subterranean—, 320. 
thermometers, 318 
and work, units of—, 237. 
Hectare, 225, 234. 

Hectogram, 226, 236. 

Hectoliter, 225, 235. 

Hectometer, 

equivalents of—, 225, 233. 
Ileel, Heels, 

•block, 830. 

-raiser, 830 
Height, 

effect of— on temperature, 320 
effect of— on weight, 336, 348 
to find— by barometer, 312. 
to find— by boiling point, 314 
to find— by trigonometry, 151 
Helicoidal conveyors, 580 P. 
Hehography, 1390. 

cost of—, 1412. 

Hemisphere, 208. 
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Hemlock- 

Hemlock, 

strength, 476, 499, 1138, 1145. 
weight, 213. 

Heptagon, 148. 

Hexagon, 148, 159 
Hickory, 

strength, 476, 1137, 1138 
weight, 213. » 

High explosives, 1394. 

High-speed brake, 1041 
Highest common factor, 35. 
Highway, Highways, 
bridges, 745, eti. 
loads on—, 1109. 
weight of steel in—, 1109 
crossings, 
alarms, 992 

Hip 

suspender, 709, 746. 

Hogshead, 223. 

Iloist, Hoists, 
air—, 580 ( 
cost, 1410. 
differential— 5 m1 1 . 
drum—, 580 «/. 
electric—, 5 m),/. 
hand—, 580i 
hanging—, 580 i. 
hook—, 580 » 
inclined, 580 j. 
material—, 580 j 
pneumatic—, 580 i. 
power- 580 J 
screw—, 580 i. 
spur—, 580 i. 
worm—, 580i. 

Hoisting 

cable, 5R0 7), 1387, 1388. 
devices, 580 7/ 
engines, cost of—. 1410. 
line, cableway. 580 k 
machinery, 579 y. 

cost of—, 1410. 
rope, 580 D. 

cost of—. 1406. 
signals, 580 x. 

Holes, 

for blasting, 600 
boring— in earth, 670 
boring— in rock, 600, 670, 675. 
Hollow tile, cost of , 110’5 
Home 

signals, 983. 

Homogeneity, 
tests for—, 1151 
Homologous lines in beams, 484. 
Hook, Hooks, 
gauge, 548. 

cost of—, Mil. 
hoist. 580 i. 
hoisting—, 579 y. 

Hooped columns, 1281, 1366. 
Hopper 

bottom cars. 1053. 
dredges. 


■Hyperbolic. 

IIopjH'r,—continued, 
dredges,—emit in ucd 

sea-going—, 581 /, 581 q. 
Horizon, artificial —f 298. 
Horizontal 

bracing, 691, 710, 748. 
crowd shovel. 580 li 
loads in trusses, 710. 
shear, 478, 494 c, 494 c 
in beams,*478. 

Horse, Horses, 

drawn-scrapers, 580 r, 1029- 
1031. 

as power, 580 77 
pow'er of—, 683, 1012. 

-power, 342, 685 

equivalents of—, 244. 

-hour, equivalents of—, 237. 
metric—, 245. 
pumping, day’s work, 1012 
weight, 685. 
winches, 580 J. 

Hose, cost of—, 1415. 

Hour, Hours, 

•angle, 285 
defined, 265. 
equivalents of—, 236. 

Howe truss, 692, 736, 738. 

cost, 1111. 

Ilump, Humps, 

classification yard, 1002. 
and sags, 1076. 

Hundredweight, 216, 220. 
Hydrant, Hydrants, 
fire— (fire-plug), 669. 
cost of—, 1416. 

Hydraulic, Hydraulics, 516 See 
also Water, Flow, Velocity, Dis¬ 
charge, etc 

cement See Cement 
dredges, cost of op’g, 581 w. 
excavation, 580 V. 
giant, 

dredging, 581 s. 
exeaxating, 580 I\ 
grade line, 519, 521. 
index, 1225 
jack. 580 h 
lime, 1225. 

mean depth, 523, 564. 
modulus, 1225. 
radius, 523, 564. 
ram, 578 

cost of—, 1410. 
supplies, cost of—, 1412. 
Hydraulicity of cement, 1222. 

11) draulickmg, 580 V. 

Hydrogen, specific gravity, 213. 
Hydrometers, 211. 

Hydrometric pendulum, 561. 
Hydrostatic, Hydrostatics, 501. 
jiaradox, 501. 
press, 506. 

Hyperbolic logarithms, 72. 
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I-beamg—Iron. 


I-beams. Spa Beams, I—. 

Ice, 326, etc. 

adhesion to piles, 594. 
blasting of—, 1396 
melting—, for lowering, 580 1. 
in stand pipes, 663. 
strength, compressive—, 1215. 
weight, 213, 326. 

Idlers, belt conveyor, 580 m. 
Icosahedron, 194. 

Illumination, 

of cross-hairs, 286 
of stake, surveying, 286 
of tracks, 1006 . 
in yards, 1006 
Impact, 347. 

of trains on bridges, 711, <58. 
Imperial 

gallon, 224, 234. 
measure, British, 224 
Impulse, 337. 

Inch, Inches, 216, 220, etc. 
circular—, 222 

culm—, equivalents, 222, 234. 
in decimals of a foot, 221 
equivalents of—, 22], 232. 
per foot, equivalents of—, 237. 
of mercury (pressure), equiva¬ 
lents of —, 241 
miner's—, 546 

spherical—, equivalents of—, 
222. 

square—, equivalents of—, 233 
Inclination. See Grade and 
Slojic 

of courses in masonry, oOo, 
620. 

Inclined, 

beams, 445, 485. 
hoist, 580 j. _ ... 

plan., 25!i-2. r >7, 349. 399 424. 
ropes for--, 1387, 1388. 
stability on—. 424 
tables, 255-257 
velocity on—, 349 
Incomplete contraction, o44 
Increase in bulk, 
dredging, 581 «. 

Increments, chord—, 701. 
Incrustation, 
of boilers, 327 
of walls, 1221, 1219 
Indeterminate stresses, 7-0. 

Index, 

cementation—, 1226 
hydraulic—, 1225. 
in logarithms, 70. 

India rubber, weight, 213. 
Indicator, Indicators, 

for signals, 991 . 

Indifferent equilibrium, 387, 5i*. 
Industrial railway's, j8U/». 

I nefficiency. 580 IV. 


Inertia, 338. 
moment of—, 351, 468. 
resistance of—, 
in trains, 1063 
rotational , 1064 
Infinity, symbol for—, 33. 
Influence diagrams, 403, 449, 

702. 

Ingots, steel—, 795. 

I n ha ill cable, 580 k. 

Inspection, 

•cars, 1055. 

central tor’s equipment, 580 A. 
of ties, 820 
Instability, 514. 

Instruments, 

drawing—, cost of—, 1412. 
engineers’ and surveyors’—, 
construction, adjustments, etc, 
291-311. 
cost of—, 1411. 
moving the—, 923. 
scientific, cost of—, 1411. 
surveying, cost of—, 14 U. 
Interest, 40. 

during construction (K K ), 
1119. 

Interlockers, 
cost, 1118 
Interlocking, 
electric—, 990. 
mechanical—, 988. 
pneumatic—, 990. 

International, 

Bureau of Weights and Meas¬ 
ures, 217. 

metric screw-thread, 1165. 
Intersection, intersections, 
in railroad curves, 875. 
in trusses, 694. 

Interstate Commerce Commission, 
investments, 

classification of—, 1096. 
railroad, 

accounting prescribed by— 
1096 

statistics, 1130-3 
valuation by—, 1095. 
Interval. Intervals, 
train—, 986. 

Intervohed tracks, 824. 

Intrados, 613. 

Inverse proportion. 39. 

Inversion of ratios, 38 
Investment, 

classification of—, 1096. 
Involution, 54-69. 

by logarithms, 71. 

Iron. 

See also under article or strut 
ture in question. Seo als 
Steel. 

balls, weight, 1156, 1157, 115' 
1161, 1210. 

bars, weight, 1159. 1160. 
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Iron,—continued, 
bonding tests, 1153. 
blasting of—, 1396. 
bolts, 1165, 1168. 
cast—. See Cast iron, 
castings, weight of—, 1157 
cement, effect of— on—, 1278, 
1304, 1307. 

and cement pipes, 657. 
chains, 1207. 

cold, effect of—, on—, 274, 

1156. 

cold-rolled—, 1212 
columns. See Columns, iron 
and steel— 

compressive strength, 1213 
concrete, effect of-- on—, 1278, 
1306. 

contraction of— by cold, 274 
corrosion of—, 327, 328, 1102, 
1218. 

by coal fumes, 1162 
in mortar, 1218. 
in water, 327, 328. 1218. 
corrugated sheet—, 1102 
cost of—, 1404. 
crushing strength of—, 1213. 
cylinders, 

bursting pressure in—, 511, 
512. 

in foundations, etc, 593-598. 
ductility of—, 460. 
effects of materials, etc, on--. 
See the material, etc, m ques¬ 
tion, under Iron. 

a1 a c t i t* 

limit, 460, 1152, 1154, 1156. 
modulus, 460 

expansion of— by heat, 274, 
317. 

forged—. See Wrought iron 
friction of—, 411 
galvanized—, 327, 1162 
hammered. See Wrought mm 
heat, effect of— on—, 274, 317. 
incrustation of—, 327 
limit, elastic—, 460, 1152, 1154, 
1156. 

malleable cast—, strength, 
1156. 

manufacture, 1150 
modulus, clastic—, 460, 1156, 
1278. 

mortar, effect of— on—, 1278, 
1304, 1307. 
net—, 774. 

-ore cement, 1225. 
paints for preserving—, 763, 
1383 

piles, 594 

pillars. See Columns, iron—. 
pipes, See Pipes, iron—, 
Pipes, cast iron— and Pipes, 
wrought iron—. 


Iron,—continued, 
plates, 

weight of—, 1159, 1161. 
porosity of—, 512* 
preservation of—, 327, 1218. 
prices, 1403. 

protection of—, 327, 1218. 
re-rolled—, 1212 
rolled— See Wrought iron 
roofs. See* Hoofs 
rust, 327, 328, 1218 
salt water, effect of— on—, 
327, 594. 

shearing strength of—, 499. 
sheet—, 1162 
specific gravity of—, 213. 
s|K»cili< ations for—, 1150 
strength of—, 476, 499, 500, 
1150, 1152, 1156, 1189, 

1212. 1213 See also Iron, 

tensile, etc 
stretch of—, 460 
T—, 353 b, 1180. 
tensile strength, 1212. 
tests, 1 153, 1 154, 1156. 
torsional strength, 500. 
traiiMerse strength, 476, 1156 
tubes, 1164 

water, effect of— on—, 327, 
594. 

weight, 213, 755, 1157-1164, 

1210 

wire, 1173. 

rope, 1387, 1388. 

•wood (Canadian), strength, 
476. 

wrought. See Wrought iron, 
requirements, 805. 

Isogonic chart and lines, 300, 301 


J 

Jack, Jacks, 580 h. 

sand—, 580 /. 

Jaw-plate, 724. 

Jot 

water—, hydraulic dredge. 

581 q 

pile driving, 595. 

Jil> crones, 580 F. 

Jinniwiiik, 580 e. 

Johnson, J. B—, 

column formula, 498-498 b 
1197, 1199, 1146. 

Johnson, T. H.—, 

column formula, 498 b, 1143-4, 
1148, 1199, 1200. 

Joint, Joints, 

in arches, 190, 629. 
bell— for pipes, 660. 
in bridges, 724. 
butt—, 773. . 

in chimneys, etc, cement jot—, 
1382, 1384. 
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Joint, Joints,—continued. 

in concrete work, 1267, 1273, 
1276, 1358. 

distribution of pressure in—, 
400. 

end—, in roof trusses, 733. 
flexible— for pipe, 661. 
functions of rail—, 780. 
lap—, 773, 778. 
masonry—, distribution of, pres¬ 
sure in—, 400. 
inclination of—, 603, 620. 
lead in—, 634, 1212, 1213. 
net—, 774. 
pin—, 747. 
pin and riveted—, 721 
for pipes, 656, 660, 1164 
pressures in—, 

distribution of—, 400. 
rail—, 780, 818. 

cost of—, 1113, 1114, 1412. 
function of—, 780. 
riveted, 721, 749, 759, 772. 
in roofs, 733, 1208, 1382. 
timber—, 734. 
toggle—, 427. 

Joint, rs, pipe—, cost of—, 1409. 
Joule, 341. 

equivalents of—, 237. 
per second, 
equivalents of—, 245. 
Journal, Journals, 1039. 

-friction, 416. 
friction—, 1057. 

J umpcr, 
drill, 600. 

K 

Kahn truss bar, 1301. 

Keystone, 613, 614, 615. 
Kieselguhr, 1395. 

Kilogram, 

-centigrade, equivalents of—, 
237. 

equivalents of—, 236. 
Kilogrammeter, equivalents of-- , 
237 

per second, equivalents of- 
245. 

Kiloliter, 225, 235. 

Kilometer, 

equivalents of—, 225, 233. 
per hour, etc, equivalents of—, 

243. 

Kilowatt, equivalents of—, 245. 
Kinetic 

energy, 343, 345 
friction, 407, 409. 

King, 

truss, 691. 

Knife-edge, strength, 1213. 

Knot (nautical), 220. 

Rutter's formula, 523, 564. 
Kyanizing, 1135. 


L 

L. C. D., 35. 

L. C. M, 35. 

Labor, cost of—, 1418. 

Lacing, 722. 

Ladder, Ladders, 824, 871. 
of continuous bucket dredges, 
581 1. 

dredges, 581 1. 
excavators, 580 V. 
hydraulic dredge, 581 n. 
tracks, 1005. 

Lagging, 

for centers, 631, 639. 
for concrete forms, 1264, 1357. 
Laitancc, 1245, 1250, 1305. 
Lamp, Lamps, 
switch—, 840. 

Lampblack, cost of—, 1402. 

Land, 

measure, 222, 225, 233. 
required for railroads, 254. 
section of—, area of—, 222, 
233. 

-surveying, 274. 

-ties, 612. 

Lap 

joint, 773, 778. 
siding, 828. 

-welded 

boiler tubes, 1164. 
pipe, 656, 1164. 

Lard, 

as a lubricant, 415. 
weight, 213. 

Lateral 

bracing, 691, 720. 
forces in trains, 

measurement of—, 1068. 
bracing, 

in timber trusses, 737. 
turnout, 866. 

Lath, Laths, 1379, 1380. 
metal—, cost of—, 1404, 
rib, 1301. 
wire—, 1300. 

Lathing, 

cost of—, 1409, 

Latitude, Latitudes, 
astronomical—, 284. 
degree of—, length, 220. 
and departures, 274, 960. 
effect of— 

on barometer, 312, 314. 
on grauty, 336, 348. 

Lattice 

liars, 747, 1190. 

column—, stresses in—, 1204. 

truss, 694. 

Latticing, 722. 

Launching, 

friction of—, 415. 

Laying 

of bricks, 1219. 
of pipe, cost, 658. 
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Layout of plant, T>80 u\ 

Lazy-jack, 
in signaling, 986. 

Load, Leads, pronounced Leed, 
Leeds, 823, 864. 

-curve, 823. 
rail, in turnouts, 822. 
in turnouts, 852, 853, 854, 856, 
860, 868, 873. 

Lead, pronounced Led, 
corrosion, 327, 328. 
effect of cement, mortar, etc, 
on—, 1304. 

effect of water on—, 327, 328. 
elasticity, etc, of—, 460 
expansion of— by heat, 317. 
in masonry joints, 634, 1212, 
1213. 

-paint, 1382. 

cost of—, 1402. 

-pencils, 1389. 

-pipe, 513, 1210. 
for pipe joints, 658-661. 
roofs, 1210 
sheets, 1210. 

strength of—, 1212, 1213 
weight of—, 213, 1157, 1160, 
1169, 1210. 

white— cement for leaks, 1382. 
white— paint, 1382. 

Leaded tin, 1208. 

Leader, 824 
League, 220, 226. 

Leak in roof, to stop—, 1382, 
1384. 

Leakage, 329, 561, 642, 650, 651. 
thru brick walls, to prevent—, 
1220. 

Sylvester wash for—, 1220. 
Leaning-wheel grader, 580 t. 

Leap year, 
defined, 266. 
equivalents of—, 236. 

Least common, 
denominator, 35. 
multiple, 35. 

Leather, 

belting, cost of- 1408. 
friction of—, 415. 
strength of—, 1214. 

Legua, 227. 

Length, Lengths, 
per length, 

units of—, conversion of—, 
237. 

per time, units of—, conversion 
of—, 242. 

units of—, conversion of—, 232. 
Level, Levels, 306. 

builders’—, to adjust, 311. 
-cuttings, 1014. 
engineer’s—, 306. 
hand—, Locke, 310. 
note-book, form of—, 309. 
surveying—, cost of—, Hit. 
Y--, 306. 


Leveling, 

by barometer, 312. 
by boiling, 314. 

of earth on cmhaiikmeiit, 1025. 
rods, cost of--, 1411. 
seiews, 292 
track, 819. 

Lever, Levers, 419. 

Leverage, 360, 419. 

Libra, 227. 

Lift bridges, 006 
Lifters, vacuum—, 579 Z. 

Lifting 

devices, 580 h. 
magnets, 579 Z. 

Light mountain transit, 
cost of—, 1411. 

Ligne, 226. 

Lignum vitae, 

strength, 4 76, 1137. 
weight, 213. 

Lime, 1217. 

in cement, 1222, 1234. 
in cement mortar. 1214, 1245, 
1304. 


cost of--, 1403. 

effect of— on wood, 1218. 

-factor. 1126 

livdraulit—, 1225 

h\ puchlorate of—, 

* cost of—, 1400. 
in mortar. 1303. 

-paste, 1218. 
quick—, 1223. 

m cement mortar, 1244. 
slack—. 1223. 

in cement mortar, 1244. 
•stone See Limestone, below 
sulphate, 1246, 1247, 1303. 
weight of—, 213. 

Limestone, 213, 1215, 1222. 
ns aggregate, 1305. 
in cement manufai lure, 1222 . 
crushed—, vs sand, 1303. 
screenings, 1245 

Limit, elastic—. 459, 460, 482 
See also the material in que- 
tlOll. 

Limiting, 
curves, 1084. 
grades, 1078, 1084. 

Lminoria, 1134. 

Line, Lines, 92. 
of action, 359. 
agonic—, 301. 
center of gravity of—, 391. 
contour—, 302 
hydraulic grade—, 519. 
of gravity, 389. 
isogomc—, 301. 

•mile, defined. 1095. 
purallel—, to draw—, 94. 
of pressure, 399, 430. 
resistance—, 430, 432, 434- « 
of resultants, 430, 432, eU. 
thrust—, 430, 432. 434-436. 

Lining of tunnels, 1036. 
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Link— 

Link, equivalents of—, 232. 

Linseed oil, cost of—, 1402. 

Lips, shovel—, 580 a. 

Liquid, Liquids, 

See also Water 
buoyancy of---, 513, 514. 
compressibility of—, 320. 
flow of—, 516, 523, 524. 
friction, 415, 523, 524. 
measure, 223. 
pressure of—, 500, 518. 

transmission of—, 506. 
specific gravity of—, 211. 

Liter, 224, 225, 235. 

Litliofraeteur, 1398. 

Little bear, constellation, 285, 286. 
Live load. 690, 705, 709, 726, 755 
Living force, 343. 

Livre, 226. 

Load, Loads, 

on bridges, 726, 755. 
cart—, of earth, 1024 
and ehord stresses, 709. 
on columns, 495, 1143, etc, 
1183, etc, 1189, etc. 
dead—, 690. 

on dm mg wheels, 705, etc, 755, 
etc. 

on earth, safe—, 583. 
on floors, 726. 

lor given deflection, 480, 481, 
483. 

-line, 707. 

In,.—, 690, 705, 709, 726,_ if- >. 
In. omotivi—, 705, etc. 755, etc 
moving. See Loads, live-—, 
permissible— on beams, 473. __ 
for petmissible deflections, 48.>. 
on piles, 592. 
on roofs, 321, 713 
on loot trusses, 713, 764 
on sand. 582 
•stresses, 705. 
graphic method, 706. 
suddenL applied—, 461, 4M>, 
1139! 

on wooden bridges, 764. 

Loaded 
(limit, 428. 
cord, 428. 

Loader. Loaders, 
immature—, 580 /» 
portable—. 5800 
1 oading. Loadings, 

axial- -, columns, 495, 497. 
eecentrn—, on columns, 495, 
498 c, 1143 
standard—, 705, 755. 
standards of—, for cars, 10oa. 
of trusses, 690. 
wheel—, 

for turntables, 998. 

Loam, 

in cement, 1303. 
in concrete, 1252 
dredging, 581. 
in sand, 1303, 1354 


Lower. 

Loam,—continued. 

test for—, 1242. 

Lobmtz rock breaker, 581 r. 

Local time, 287. 

Location, Locations, 
of curves, 875, 921. 
changes in—, 940 
problems in—, 933. 
of the meridian, 284. 
and operation cost, 1081. 
railroad—, cost of—, 1100. 
of railroad curves, 875, 921. 
of spiral curves, 977. 

Lock, Locks, 
air—, 597. 
and block sysfem, 
signaling, 988. 

gates, spacing of cross-bars, 
506. 

nut— 809, 1167. 

Locke level, 310. 

Locking, 

automatic—, signals, 988. 
of switches, 989 

Locomotive, Locomotives, 1044, 
adhesion of—, 413. 
cost, 1119 
crane, 58(1 / 

industrial railways, 580 a. 
mileage of— in V S, 1044. 
friction in—, 1057, 1058 
resistance of—, 1057, 1058. 
shovel, 580 /. 

statistics, 1047, etc, 1131-2. 
tractive effort of—, 413, 580s, 
1044, 1070. 

water for—, 327. 1011. 
weights of—, 1044. 
wheel loads, 705, etc, 753, etc. 
Locust, strength, 476, 1137, 1138. 
Logarithmic 
chart, 73. 
plotting, 74. 

sines, tangents, etc, 72, 143 a. 
trigonometric ratios, 72, 143 a 
Logarithms, 70 91 
Long 

chord, 875, 891, 894, 914, 915, 
933. 

in curve location, 933 
in one-degree curve, 904, 905. 
table of—, 894. 
in turnouts, 852. 853. 
measure, 220, 225, 232. 
ton, 216. 

Longitude, degree of—, length of 
—, 220, 221. 

Longitudinal and transverse 
stresses combined, 494, 724. 
Lorenz switch, 8-il. 

Lower 

chord, 

design of— in timber trusses, 
733. 

splice, 736. 
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Lower— 

Lower,—con tin ued. 

culmination, 284. 

Lowering of centers, 681, etc. 
Lowest terms, 36. 

Lubricants, 415. 

Lug, Lugs, 
stop—, 837. 
bar, 1299. 

Lumber, 1402. See also Wood, 
Timber, cost. 

Iiiination, 266. 

Lune, Circular—, 186. 


M 

Macadam paving, cost of—, 1109. 
Machine, Machines, 

•drill, 675. 
funicular—, 427. 
operation of excavating—, 
580 W. 

operation of hoisting—, 580 B\ 
riveting—, 775. 

-shop (railroad), 
cost, 1116, 1118 
tools, cost of—, 1409. 
Machinery, 
cost of—, 1409 
railroad shop—, 
cost, 1117, 1118. 

Magnesia, 

in cement, 1222, 1232, 1234 
in cement mortar, 1244. 
Magnets, lifting—, 579 Z. 

Magnetic 
declination, 301. 
variation, 301. 

Magneto-electric blasting, 1398 
Mahogany, 

strength, 476, 1137, 1138. 
weight, 213. 

Maintained road—, 580 /. 
Maintenance, 

contractor’s equipment, 580 X. 
dredging, 581 v 
railroad—, 
on curves, 821. 
of way, 820. 

Malleable cast iron, strength, 1156 
Mallet locomotives, 1049, 

Man power, 686. 

Maneuvering, 

dipper dredges, 581 1. 
grapple dredges, 581/7 
hydraulic dredges, 581 p. 
"ladder” dredges, 581 m. 
sea-going hopper, 581 q. 
Manganese, 
in steel, 796, 1152. 
steel rails, 796. 

Manipulation, 
signal—, 988 

Manceuvoring, See Maneuvering. j 
Mantissa, in logarithms, 70 


•Material. 

Manual block system, 987, 988. 

controlled—, 988. 
Manufacturers’ standard specifica¬ 
tions for steel, ] 1,54, 1155. 
Maple-wood, 
strength, 476, 1137 
weight, 213. 

Marble, 
cost, 602. 

expansion ,by heat, 317. 
strength, 47*6, 1215. 
weight, 213. 

Marc, 226. 

Mark, 

German—. 218, 246, etc. 
Spanish—, 227. 

Masonry, 

m abutments, quantify of— 
623. 

adhesion of mortar to—„ 1218 
in arches, quantity required, 
622-628. 

compresM\e strength, 1215. 
and concrete, 12">4 (7)., 
cost of—, 601, 1408. 
courses, 

inclination of—, 603, 620 
lead between—, 634, 1212, 
1213 

crushing height of—, 1215. 
dam, 433 

elastic limit, etc, of —, 460. 
foundations, 

loads on—, 750. 
friction of—, 411, 603, 620. 
incrustation of—, 1221, 1249. 
joints in—, distribution of pres¬ 
sure on—, 400. 
lead 111 —, 634, 1212, 1213 
limit, elastic—, 460. 
mortar required for—, 1243 
in piers, quantity required, 628 
pointing, 1249. 
quantity required, 
in arches, 622-628. 
in piers, 628. 
in retaining walls, 610. 
in walls of wells, 198. 
in wing-walls, 624. 
to render— impervious, 1220. 
in retaining walls, 603. 
strength of, 

compressive—, 1215. 
weight of—, 213 
Mass, 334, 336, 338. 

Mast, derrick—, 580 D. 

Master Car Builders, 
gauge, 812 

Material, Materials See also the 
Material in question, 
elevators, 580 j. 
fatigue of—, 465 
hoist towers, 580 j. 

•particle, 358 
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Material, Materials,—continued, 
-point, 358 
strengths of—■, 454. 
weights of—, 210, etc. 
Mathematical symbols, 33. 
Mathematics, 33. 

Matter, defined, 330 
Maximum, 

and min stresses m truss mem¬ 
bers, 712. 
pressure, 

angle, etc, of- -, GOT. 
stresses, 

m beams, 491 a, 494 e. 
velocity, 560 
Mean, 

depth, hydraulic—, 523, 564 

haul, 1025 

proportional, 38 

radius, 523. 564 

of ratio and proportion, 38 

solar time, defined, 265. 

sun, 265 

velocity. 522, 527 560 
Measure, Measures, 216. 
apothecaries’, 223 
British—, 220. 222, 224, 234 
circular- - 
of angles, 34 
of wires, 1171. 
common—, 35. 

conversion tables of—, 228, etc 
cubic—, 222, 234. 
fluid—, 223, 224. 
liquid—, 223, 224. 
long— 220, 232 
metric—, 217, 225, etc, 228, 
etc 

Russian—, 227. 

Spanish—, 227. 
square- -, 222, 233 
weights, etc, conversion tables 
of units of—, 228. 
wine—, 223 

Measuring weirs, 547, 646. 
Mechanical 

analysis of sand, etc, 1238. 
Mechanics, 330 
of arches, 430-432. 
of beams, 437, etc, 466, etc. 
of masonry dams, 430, 433-436. 
of trains, 1070. 
of trusses, 698. etc. 
of turntables, 998 
Molan system, 1301. 

Melting 

ice, for lowering, 580 7. 
points, 317. 
temperatures, 317. 

‘Mensuration, 92-209. 

Mercury, 

barometer, 312, 320. 
foot of—, etc (pressure), equiv¬ 
alents of—, 241. 


Mercury,—continued, 
freezing-point, 318. 
thermometer, 318. 
weight of—, 213. 

Meridian, 

location of—, 284. 
of longitude, 220, 221. 
variation of compass, 296, 301. 
Metacenter, 514. 

Metal, Metals. See also Iron, and 
Steel. 

blasting of—, 1396. 
compressibility, etc, of —, 460. 
compressive strengths of—, 

1213. 

ductility, etc, of—, 460. 
effect on—, 

of cement, etc, 1218, 1278, 
1304, 1307. 
of electrolysis, 327. 
of galvanism, 327. 
of heat, 317. 
of lime, 1218, 1304. 
of mortar, 1218, 1304. 
of water, 327, 328, 594, 1218 
elastic limits, etc, of—, 460. 
expanded—, 1300. 

cost of—, 1404. 
expansion of— by heat, 317. 
incrustation of—, 327. 
lath, cost of—, 1404. 
limits of—, elastic—, 460. 
modulus of—, elastic—, 460. 
paints, cost of—, 1402 
preservation of—, 327, 1218. 

by cement, 1304 
protection of—, 327, 1218. 
requirements of—, 805 
rib—, 1300. 

shearing strengths of—. 499. 
sheet—, 1162, 1163, 1169, 1208- 
1211. 

strengths of—, 476, 499, 500, 
1212, 1213 
stretch of—, 460. 
tensile, strengths of—, 1212. 
railroad ties, 789. 
torsional strengths of—, 500 
transverse strengths of—, 476. 
weights of—, 210, etc. 

Meter, Meters (measure of length), 
current, cost of—, 1411. 
equivalents of—, 217, 225, 233, 
etc. 

Perris-Pitot—, 536. 

Pitot—, 536, 561, 562. 

Venturi—, 532, etc. 
water—, 649. 
cost of—, 1412. 

Perris-Pitot, 536. 

Pitot—, 536, 561, 562. 
Venturi—, 532, etc. 
w r heel—, 562. 
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Metric, 

atmosphere, 240, 320. 
horse-power, equivalents of—, 
245. 

horse-power hour, equivalents 

of—, 237. 

measures, 217, 225, etc, 228. 
screw thread, international--, 
1165. 

system, 217, 225 
prefixes, 231. 

ton, equivalents of—, 236. 
units, 225, 226, 230, 231. 
weights, 226 # 230, 231. 

Mica 

in mortar, 1303, 1354 
weight, 213. 

Middle 

ordinates, 180, 816, 817 
third, 402 

Mikron, equivalents of—, 232 
Mil, 

equivalents of—, 232. 

Mile, Miles, 

equivalents of—, 220, 232 
geographical—, 220. 
per hour, etc, equivalents of- -, 
242. 

land and sea—, 220, 233 
line—, defined, 1095. 
nautical—, 220 
sea—, 220. 

square— (section), 222. 233 
track—, defined, 1095. 

Mileage, 

of locomotives, U S, 10t4. 
Millicr, 226 
Milligram, 226, 236. 

Milliliter, 225, 235. 

Millimeter, 225, 233 
Miner’s friend powdor, 1397. 
Miner’s inch, 546. 

Miniature, 

hinders. 580 /? 
orange-peels, 580 A. 
sho\ els. 580 B. 

Minim, 223 
Minimum 

and maximum stresses, 712. 
sections, 722. 

Mining, sub-aqueous rock excava¬ 
tion, 581 8. 

Minute, Minutes, 

m decimals of a degree, 95. 
equivalents of—, 236. 
of time, 265. 

Mix, 

natural—, 1255. 

Mixers, concrete—, 1260, 1269, 
1376, 

cost of—, 1411. 

Mixing, 

concrete, 1260, 1505, 1356. 

See also Concrete, mixing. 


Mixing,—continued. 

-water, 1258, 1304, 1355. 
Mizar, 285, 287. 

Models 

test of—, caution, 478 
Modified logarithms, 72 
Modulus, Moduli. Seo also co¬ 
efficient. 

elastic—, 456, 458, 460. See 
also the.material in question 
of flow, 540 
hydraulic—, 1225. 
of resilience, 461 
of rupture, 468. 
section—, 467-8, 473, 1174, 
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Moist closet, 1237. 

.Moisture, 

effect of— See the material, 

etc. m question 
Moldboard of grader. 5s0 t 
Molded concrete, 1372 
Molds, for concrete See Forms 
Molecular action, 358 
Moment, Moments, 360, 440, 442. 


452-3. 

in arches, 424. 
m beams, 440, 443. 

continuous—, 489, 494 g 
in cantilevers, 440, 442. 
clockwise—, 442. 
in continuous beams, 489, 494 g 
counter clockwise—, 442. 
of couples, 405, 406 o. 
defined, 360 

diagrams, 452, 453, 474. 479, 
499, &c. 

for trusses, 707. 
of inertia, 351, 408. 
in beams, 468. 
polar—, 499 
table of—, 469. 
influence diagrams for—, 449 
in levers, 419 
live load—, 709. 
maximum bending—, 474. 

in flat plates, 493. 
negative—, 442. 
of non-coplanar forces, 381. 
reactions and shears, 453 
in rectangular beams, 468. 
in reinforced concrete beams, 
1284, 1285, 1286, 1289, 1290 
1291, 1368. 
resisting—, 467. 
shears and reactions, 453. 
and shear, relation of—, 45- 
of stability, 422, 508, 514. 608 
summation of —, 466. 
in trusses, 440, 701. 

Momentum, 337, 338, 345. 

-grade, 1076. . 

Moncrieff’s column formula, 4« 
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Money, 218. 

Momer .system, 1300. 

Monitor, hydraulic excavation, 
580 V. 

Monolith bar, 1299. 

Monorail, 580 // 

Month, civil—, sidereal—, synodic 
—, 266. 

Mooring, Moorings, 

continuous bucket dredges, 
581 i n 

dipper dredges, 581 7, 
dredges, (general), 381 ft. 
Morin’s laws of friction—, 410 
Mortar 

abrasion of—, 1304. 
absorption b> —, 1305, 1371 
accelerated tests for , 1230, 
1237 

and- in 1303, 1304 
adhesion of—. 1245, 1249, 

1258, 1274, 3279, 1294, 

1296, 1297, 1307, 1364 
aeration of—, 1304 
age of—, 1248, 1305 
boiling test for—, 1230, 1237. 
briquet, 1233, 1236 
calcium chloride m -, 1246, 

1275, 1303 

cement—, 1222, 1243, 1304. 
cement in—. 1243 
chemistry of—, 1243. 

(lay m— 1245, 1303 
consistency of—, 1245, 1304 
effect on Adhesion of—, 1245 
laitance, effect of— on—, 


normal—, 1235, 1246 
contraction of—, 1247, 1305 
crusher-dust in—, 1244, 1354. 
density of—, 1304 
drying of—, 1276 
effects on materials, or of mate¬ 
rials, etc, on-- See the ma¬ 
terial. etc, in question, under 
Mortar 

efflorescence of—, 1249. 
evaporation from—, 1304 
experiments on—, 1304 
expansion of—, 1247, 1276 

1304, 1305. 

finish of—, 1249, 1270, 1305, 
1360. 

freezing of—, 1275 
grading of—, 1304 
gypsum in--, 1246, 1247, 1303 
hardening of— , 1222, 1245, 
1247, 1248 
incrustation. 1248 
laitance, 1245, 1250, 1305. 
lime—, 

in arches, 616, 629, 633 


bricks, etc, 1217. 

clay, effort of— on—, 1218 


Mortar,—continued, 
lime—, —continued 

effect of— on iron, 1218. 
grout, 1218 

m retaining walls, 604. 
sand m—, 1217, 1218. See 
also Sand. 

weight of—, 213, 1218. 
lime in—, 1218, 1244, 1245, 
1304 

adhesion of—, 1218 
magnesia in—, 1244 
metals, protection of— by—, 
1278, 1304, 1307 
mica in—, 1303, 1354. 
mixing, 1236. 

mixing-water for—, 1230, 1235, 

1245 

neat— and sand—, 1304. 
needh, Vicat—, 1246 
normal consistency of—, 1235, 

1246 

permeability of—, 1256, 1271, 
1304, 1306, 1360, 1361, 
plastering, 1304. 
plasticity, 1304, 1305. 
properties, 1247 Sec also the 
property in question 
proportion of— in concrete, 
1304 

proportions for—, 1304 
protection of metals by—, 1304. 
quantity required, 1243. 
re-grinding of—, 1305. 
retempering of—, 1305. 
richness of—, 1304. 
sal ammoniac in—, 1304 
salt in—, 1218, 1275, 1303, 
1304. 

sand for—, 1217, 1218, 1238, 

1244. See also under Sand 
sand in—, 1249, 1303. 

sand— and neat. 1304 
in sea water, 1214, 1304. 
sea water in- , 1250. 
setting of— 1232, 1234, 1235, 

1245, 1258, 1305. 
acceleration of—, 1246. 
calcium chloride, effect of-— 

on--, 1246 
expansion, 1305 
freezing, 1275. 
gypsum, effect of— on—, 
1246 

initial and final, 1246. 
lime, effect of— on—, 1244. 
rate of—, 1305 
retardation of—, 1246 
sand, effect of— on—, 1246 
silica, effect of— on—, 1246. 
speed of—, 1246. 
temperature, 1246 
sewage, effect of— on—, 1306. 
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Mortar,—continued, 
shrinkage of—, 1244, 1247, 

1305. 

slag cement—, 1245 
soundness of—, 1229, 1230 

1232, 1234, 1237, 1244, 

1247, 1304, 1305. 
lime, effect of— on—, 1244 
strength of—, 1232, 1233, 1237 
1245, 1247, 1248, 1249, 

1304. 

ape, effect of— on—, 1249 
compressive—, 1249 
consistency, effect of— on— 
1245 

sand, effect of— on—, 1249 
shearing—, 1249 
sulphuric acid m1303, 1304 
tests of—, 1229, 1232, 1234. 
1248 

Yicat needle, 1246. 
in water, 1250, 1304. 
water, mixing—, for—, 1230 
1235, 1245, 1304. 

Motion, 331. 
circular—, 351 
quantity of —, 338 
relative—, 331, 358. 
study, 580 TV. 

Motor, Motors, 

for dredging, 581 t. 
electric—, 
inertia of—, 1065. 
industrial rys, 580 s. 

“Mountain” 

transits, cost of- -, 1411. 

Mouth, Mouths, 
frog—, 828. 

Movable bridges, 696. 

Movable-point center frog, 846, 
847. 

Moving load, 690, 705, 709, 726, 
755, 1048, 1050, 1053 Sec 
Load, live—. 

Moving ropeway, 580 I. 

Mud, 

cost of dredging—, 581 x. 
dredging, 581. 
penetrability of—, 593. 
in reservoirs, 651. 
weight of—, 213, 581. 

Mulbonrd, see Moldboard. 

Multiple, Multiples, 
common—, 35 
and factors, 35 
right-of-way—, 1102. 

Multiplication 
of decimals, 37. 
of fractions, 36. 
by logarithms, 71. 

chart or slide-rule, 75 

Mushroom system, 1302. 

Muskrats, 651. 


Myriagram, 226, 236. 

Myrialiter, 225. 

Myriameter, 225. 

N 

Nail, Nails, 

cost of—, 1404. 
dating—, 788 
shingling, J382. 
slating, 1381 

Napierian logarithms, 72. 

Narrow gauge 
railroad, 580 S. 

Natural 

cement, 1223, 1303 See also 
Cement, natural—. 
logarithms, 72 
mix, 1255 
sine, etc, 97. 

slope, 419, 601, 606, 610 
Nautical mile, 220. 

Needle, 

compass—, 293, 299. 

variation of—, 301 
Yicat—, 1246. 

Negative 

characteristics, 71. 72 
exponents, logarithmic chart. 
76. 

moments, 442. 

numbers, logarithms of—, 72 
Net 

iron, net plate, net joint, 774 
section of tension members. 
75Q 

ton, 216. 

Neutral 
axis, 466. 

cement, cost of—, 1403. 
surface, 466. 

Newton's laws, 332, 333, 337. 
Nickel steel, 1152. 

Nicking test, 752, 1151. 
Xiggerhead, 580 j 
Nitro-glycerino, 1394. 

Nonagon, 148. 

Non-concurrent forces, 375. 
Non-coplanar forces, 380. 

Normal 

clear signal, 987. 
component, 370. 
consistency, 1235, 1246. 
danger signal, 987. 
stress, 454. 

North 

point, etc, 284. 
star, 285. 

-and-South line, 284, 

Northing, 274. 

Notation, duodenal or duodenary. 
47. 

Nozzle, hydraulic excavation 
580 F. 
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Number, Numbers, 

and equivalents in common use, 
conversion tables, 231. 
frog—, 82^, 848, 871. 
prime—, 35. 
switch—, 862 
by wire gage, 1169, 1173. 

Numerus logarithmi, 71. 

Nut, Nuts, 1165, 1406. 
cost of—, 1404. 
locks, 809, 1167. 


o 


Oak, 

strength of—, 476, 499, 1137, 
1138, 1145. 
weight of—, 214, 755. 

Obhquq, Oblique, 
columns, 498. 
lines, 92. 

pressure, 372, 504, 607 
Obstacle, Obstacles, 
to surveying, 
to pass—, 281, 933 
Obstruction, Obstructions, to flow, 
575. 

by piers, 575. 
m pipes, to prevent—, 655 
Octagon, 
area of—, 148. 
to draw—, 159. 

Octahedron, 194. 

Office, Offices, 
railroad—, 

cost of—, 1115. 

Offset, Offsets, 
tangent—, 875, 892. 

Ogee, to draw—, 191. 

(»il, Oils, 

coal— (petroleum), weight of 
—, 214. 

effect of— on concrete. 1276, 
1306. 

engines for dredging. 581 t 
jj'iwer, for excavating, etc, 
580 E. 

weights of—, 214 
-wells, nitro-gljcerine, 1394. 
Oiling, 
ballast, 820 
Once, usuel, 226. 

Open channels, flow in—, 5-3, 
560 

open hearth steel, requirements 
of—, 1152. 

Openings, 

flow through—, 540-542. 
Operation, 
of < nines, 580 X. 
of lontractor’s plant, 580 n. 
of dredges, 581 a. 
train—, 

cost, 1081, 1092. 


Orange-peel 

bucket, dredging, 581 e. 
excavating, 580 A. 
utility, 581 h. 

Ordinate, Ordinates, 
for bending rails, 816, 817. 
in curve location, 933. 

table of—, 898, 900. 
elliptic—, 189. 
to find—, 180. 
middle—, 180, 816, 817. 

for rail-bending, 816, 817. 
parabolic—, 192. 
in railroad curves, 875, 891, 
892, 896, 912. 
table of—, 898, 900. 

Ore, Ores, 

-cars, 1054. 

crushers, cost of—, 1411. 
Orifice, Orifices, 

flow thru, 539, 546. 
hydraulic suction dredge, 581 q. 
Oscillation, center of—, 351. 
Ounce, 220, 235 
equivalents of—, 235. 
fluid—, 223, 235. 

Outer, 

rail, 

superelevation of—, 963. 
Outflow', velocity of—, theoretical 

_ 539 

Outhaui cable, 580 A. 

Outlet valves, 653. 

Oval, to draw—, 191. 

Overdepth, dredging, 581 t. 
Overfall, Overfalls, 

-dams, 642. 

discharge over—, 547. 
for reservoir, 652 
Overturning 

effect of wind, 710. 
work of—, 422. 


p C., P. C C., P. R. C., P. T„ 

874. 

Package conveyors, 580 N. 

Packing, 

of eye-bars, 722. 

•piece, 775 

paddles of portable conveyor, 
580 0. 

Paint, Paint,,, 1382. 
cost of—, 1402. 
for iron, 763, 1383. 
on zinc, 1162. 

Painting, 1382. 
of bridges, 763, 764. 
on concrete, 1271, 1305. 

Pan conveyor, 580 o. 

Panel, Panels. 

diagonal of—, to find length 
of—, 160. 
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Panel- 

Panel, Panels,—continued. 

-points, 692. 

-reactions, 702. 
in trusses, 692. 

Paper, 1389, 1409. 

drawing—, cost of—, 1412. 
tar—, cost of, 1408. 
tracing—. cost of—, 1412. 
Parabola, 192-193. 

See also Parabolic, 
center of gravity of—, 394 
to draw—, 193. 
ordinates of—•, 192. 
semi—, cen of grav of—, 394. 
tangent to—, to draw—, 193. 
Parabolic 
arc, 192, 193. 

column formula, 498-498 b, 
1146, 1197, 1199. 
conoid, 209. 

frustum of—, 209 
curve, 192, 193. 
frustum, 192. 
ordinates, 192. 
zone, 192. 

Paraboloid, 209. 

center of gravity of—, 398. 
Paradox, hjdrostaiic—, 301 
Parallel 

forces, 361, 382, 514. 
couples, 404 

resultant of—, 382, 399. 
lines, to draw—, 94. 
plates, 292 

Parallelogram, Parallelograms, 95, 
157. 

force—, 364. 

Parallelopiped, 195. 
force—, 380 

Particle, material—, 358. 
Partition, thin—, flow through—, 

541. 

Passenger, Passengers, 
cars, life, etc, of—, 1053 
stations, 1007. 
cost, 1115. 

Paste, lime—, 1218. 

Pattern, Patterns, 

weight of castings, 1157. 

Paving, 

Belgian block—, 602 
brick—, 1219. 

cost of—, 1403. 
concrete sidewalks, 1369. 
cost of—, 1409. 
of ditches, 782 
Payments, equation of, 42. 

Peck, 223. 

Pedestal, Pedestals, 
bridge— 721, 750. 

Pencils, lead—, 1389. 

Pendulum, Pendulums, 350. 
hydrometric, 561. 
seconds—, 216, 351. 


-1'Ile. 

Pennsylvania R R, 

track specifications, 780. 
Pennyweight, 220. 

Pentagon, 148. 

Percentage, 40. 
of grade, 255 
interest, annuities, 40. 

Perch, 220, 222, 235. 

Percussion, 

center of—,,351 
-drills, 676 
“Perfect" discharge 
of bucket eomeyors, 580 n. 
Perimeter. See also Circumfer¬ 
ence. 

wet—, 523, 563 
Permanent set, 456, 459. 
Permeability, 

of concrete, 1256, 1271, 1306, 
1345, 1360, 1361. . 

Permissive blocking, 987 
Permutation, 40. 

Perpendicular, to draw—, 93 
Perpetual snow, limit of—, 324 
Persian wheel, 687. 

Personnel, « ontrattoi’s, 580 r. 
Petroleum, weight of—, 214. 
Phoenix segment-columns, 353 b, 
1186 

Phosphor bronze, 754, 762, 1212 
Phosphorus, 753, 754, 1152. 

Pi, symbol and value, 34, 161. 
Pick, Picks, wear of—, 1025 
Pick-up cart, 580 Q. 

Pied, 226. 

Pier, Piers, 

abutment—, 619. 

•foundations, 582. 
heads due to—, 575. 
masonry, quantity of— in—, 
628. 

obstructions by—, 575, etc 
of suspension bridges, 768. 
Pierre perdue, 583 
Piezometer, 518. 

Pig iron 

cost of—, 1403. 
ton, 216. 

Pile, Piles, 589, etc. 

adhesion of ice to—, 594. 
bearing—, 590. 
blasting of—, 1396. 
concrete m—, 1269. 
cost'of—, 1402. 
in cylinders, 600 
-drivers, 590, 591, 687. 
cost of—, 1410. 
crane attachment, 580 D . 
gunpowder—, 590. 
steam—, 591. 
driving, 590, etc. 

by jets, 595. 
factor of safety of—, 593. 
-foundations, 589, etc. 
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Pile, Piles,—continued, 
friction of—, 593. 
grillage, 590 
heads for—, 594. 
hollow—, 596. 

ice, adhesion of— to—, 594. 
iron—, 594. 

concrete in—, 1269. 
jet driving of—, 595. 
loads for—, 592. 
resistance of—, 592. 
sand—, 599, 670. 
screw—, 594. 
sheet—, 590. 
shoes for—, 593. 
sustaining power, 592 
water jet for driving—, 595. 
withdrawal of—, 594 
Pillai, Pillars, 
crane, 580 F. 
see also Column. 

Pm Pins, 

-connections, 496, 721, 724, 
725, 747, 762, 1205 
in columns, 496, 1205 
surveying—, 282. 

Pine, 

columns. 1144. 
cost of--, 1402 
strength of— 476, 499, 1137, 
1138, 1143. 
weight of—, 214, 755 
Pinions and wheels, 420. 

P-nt Pints. 223. 

Pipe, Pipes, 
air-valves for—, 662. 
areas and contents, 197, 526. 
bends in—, 

effect of— on flow, 537 
-branches, 661 
brass and seamless—, 1211 
bursting of—, 511, 513, 663, 
665, 668. 

thickness required to pre¬ 
vent—, 511, 513 
bursting pressure in—, 518 
cast-iron, 653, 658, 662, 1158 
cost of— and laying—, 658 
weights of—, 656, 658, 1158 
cement and iron—, 657. 
compound—, flow in—, 531 
concretions in—, to prevent—, 

contents of—, 197, 198, 208, 
223, 525, 526. 
and areas of— , 197, 526. 
copper seamless—, 1211. 
cost of—, 658, 1412. 
cost of laying—, 658 
couplings, 656, 660, 1164. 
cracks in—, 661. 
curves in—, 
effect of— on flow, 537 
diams of--, 524, 653, 654, 656. 
actual, nominal—, 526, 1164 


Pipe, Pipes,—continued, 
diams of—,—continued, 
square roots of—, 526. 
for water-supply, 653. 
discharge from—, 516, 522, 
527, 528. 
drain—, 575. 
drawn brass—, 1211. 
ferrules for—, 664. 
flexible joints for—, 661. 
flow in— 516, etc, 527, 529 
formulas for— 
exponential—, 529. 

Kutter's—, 523, 564. 
steady—, 527. 
galvanic action in—, 656 
galvanized—, 664 
gates for—, 666. 
gutta-percha—, 657. 
iron—, 

cast—, 653, 656, 658, 662, 
1158. 

cement-lined— , 657. 
fittings for—, 661, 1164. 
joints for—, 660, 661, 1164 
flexible—, 661. 
laying—, 658, etc, 660. 
wrought—, 526, 656, 657, 
1164. 

jointers, cost of—, 1409. 
lead—, 513, 664, 1210 
thickness of—, 513. 

-line 

discharge, hydr. dredge, 
581 p. 

dredge, 581 n. 

material of—, effect of— on 
flow through—, 523. 
mean velocity in—, 527. 
to mend—, 661 
obstructions in—, to provent—, 
655. 

pressures of water in—, 511, 
518. 

seamless—, 1211. 
service—, 657, 664, 1210. 
sewer—, 575. 
sleeves for—, 661. 
stand—, 663. 
stave—. cost. 1426. 
steady flow in—, 527. 
steam—, 1164. 
stop-valves for—, 666. 
street—, 653. 
tapping of—, 657, 664. 
terra-cottu—, 575 
tapping machines, cost of—, 
1409. 

thicknesses required for—, 511 
513, 656. 
valves for—, 666 
of varying diameter, discharge 
through—, 531. 
velocities in—, 522-524, 527. 
vitrified—, 575, 1426. 
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Pipe, Pipes,—continued, 
water— 653, 657, 1158. 
cost of— and laying, 658 
freezing in—, anti-bursting 
device, 665 

weight of—, 656, 658, 1158, 
1164. 

of water in—, 525. 
wooden—, 657. 
wood—, cost of—, 1415 
wrought iron—, 656, 657, 1164. 
cost of—, 1415. 
diameters, actual and nomi¬ 
nal—, 526, 1164 
weights of—, 656, 1164. 
Pitch, 

of rivets, 776. 
of roofs, 714, 1381. 

effect of— on wind pressure, 
714. 

of screw, 436 
weight of—, 214 
Pitot’s tube, 536, 561. 

Place measurement, dredging, 
581 u. 

Placing concrete 

See Concrete, placing. 

Plane, Planes, 148 
of couple, 404 
of flotation, 514. 
of gravity, 389. 

inclined—, 255-257, 349, 369, 
424 

of moments, 360. 
surfaces, 148. 
tables, cost of—, 1411. 
trigonometry, 97, 150. 
Planimeters, cost of—, 1411. 
Plank, Planks, 

board measure, table of- 269 
in foundations, 582. 
sheet piling, 590 
thickness of— for a given pres¬ 
sure, 586, 648. 

Plant, Plants, 

contractor’s, 579 ?/ 
layout, 580 W 

railroad statistics, Y S. 1130-3. 
Plaster, cost of—, 1403 
Plaster of Paris, 1379 See also 
Gypsum. 

effect of— on mortar, 1246, 
1247, 1303. 
price of—, 1403 
strength of—, 1214, 1215 
weight of—, 213, under Gyp¬ 
sum. 

Plastering, 

cost. of--. 1409 
mortar for—, 1304. 

Plate, Plates, 
batten—, 

weight of—, 1190. 


Plate, Plates,—continued, 
as beams, 493. 
bed—, 750. 
buckle—, 750, 1167. 
fish—, 798 
gauge—, 837. 

-girders, 747. 
bracing in—, 749. 
details of—, 728. 

-glass, 1385. 

iron and Vteel—, cost of—, 
1401. 

net—, 774. 

parallel—, in transit, 292 
resistance of—, as beams, 493 
steel—, tinned—, 1208 
strengths of—, 493. 
ternc—, 1208. 
tie—, 780, 803, 804. 
tin—, 1208. 

transverse resistance of—, 493 
Platform, Platforms, 
cost of—, 3115. 
freight—, 1006. 
hoisting—, 579 Z. 
passenger—, 1007. 
railroad, 

cost of—, 1115 
Platinum, 214, 1212. 

Platting 

auxiliaries, 933 
Plenum process, 597. 

Plow. Pious, 580 s. 1024. 
ballast—, 819. 
cost of—, 1410. 
snow—, 1054. 

Plug, Plugs, 

lire (fire-hydrant), 669. 
tie—, 802. 

Plumb level, 
to adjust—, 311 
Plumbago as a lubricant, 415. 
Plum, Plums, 

in concrete, 1253, 1258, 1355 
Plus, 33. 

stations, 879, 911. 

Pneumatic 

conveyors, 580 P. 
foundations, 596. 
hoist, 580 t. 
interlocking, 990. 

Pocket, Pockets, 

-level, 310. 

-sextant, 297. 

Point, Points, 
ancien, 226 

of application of force, 333, 
359. 

boiling—, 314, 326. 

leveling by—, 314. 
clearance—, 825. 
of curve, 874-5. 
freezing—, 326 
frog—, 823, 828, 848 
of intersection, 875 
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Pile, Piles,—continued, 
friction of—, 593. 
grillage, 590 
heads for—, 594. 
hollow—, 596. 

ice, adhesion of— to—, 594. 
iron—, 594. 

concrete in—, 1269. 
jet driving of—, 595. 
loads for—, 592. 
resistance of—, 592. 
sand—, 599, 670. 
screw—, 594. 
sheet—, 590. 
shoes for—, 593. 
sustaining power, 592 
water jet for driving—, 595. 
withdrawal of—, 594 
Pillai, Pillars, 
crane, 580 F. 
see also Column. 

Pm Pins, 

-connections, 496, 721, 724, 
725, 747, 762, 1205 
in columns, 496, 1205 
surveying—, 282. 

Pine, 

columns. 1144. 
cost of--, 1402 
strength of— 476, 499, 1137, 
1138, 1143. 
weight of—, 214, 755 
Pinions and wheels, 420. 

P-nt Pints. 223. 

Pipe, Pipes, 
air-valves for—, 662. 
areas and contents, 197, 526. 
bends in—, 

effect of— on flow, 537 
-branches, 661 
brass and seamless—, 1211 
bursting of—, 511, 513, 663, 
665, 668. 

thickness required to pre¬ 
vent—, 511, 513 
bursting pressure in—, 518 
cast-iron, 653, 658, 662, 1158 
cost of— and laying—, 658 
weights of—, 656, 658, 1158 
cement and iron—, 657. 
compound—, flow in—, 531 
concretions in—, to prevent—, 

contents of—, 197, 198, 208, 
223, 525, 526. 
and areas of— , 197, 526. 
copper seamless—, 1211. 
cost of—, 658, 1412. 
cost of laying—, 658 
couplings, 656, 660, 1164. 
cracks in—, 661. 
curves in—, 
effect of— on flow, 537 
diams of--, 524, 653, 654, 656. 
actual, nominal—, 526, 1164 


Pipe, Pipes,—continued, 
diams of—,—continued, 
square roots of—, 526. 
for water-supply, 653. 
discharge from—, 516, 522, 
527, 528. 
drain—, 575. 
drawn brass—, 1211. 
ferrules for—, 664. 
flexible joints for—, 661. 
flow in— 516, etc, 527, 529 
formulas for— 
exponential—, 529. 

Kutter's—, 523, 564. 
steady—, 527. 
galvanic action in—, 656 
galvanized—, 664 
gates for—, 666. 
gutta-percha—, 657. 
iron—, 

cast—, 653, 656, 658, 662, 
1158. 

cement-lined— , 657. 
fittings for—, 661, 1164. 
joints for—, 660, 661, 1164 
flexible—, 661. 
laying—, 658, etc, 660. 
wrought—, 526, 656, 657, 
1164. 

jointers, cost of—, 1409. 
lead—, 513, 664, 1210 
thickness of—, 513. 

-line 

discharge, hydr. dredge, 
581 p. 

dredge, 581 n. 

material of—, effect of— on 
flow through—, 523. 
mean velocity in—, 527. 
to mend—, 661 
obstructions in—, to provent—, 
655. 

pressures of water in—, 511, 
518. 

seamless—, 1211. 
service—, 657, 664, 1210. 
sewer—, 575. 
sleeves for—, 661. 
stand—, 663. 
stave—. cost. 1426. 
steady flow in—, 527. 
steam—, 1164. 
stop-valves for—, 666. 
street—, 653. 
tapping of—, 657, 664. 
terra-cottu—, 575 
tapping machines, cost of—, 
1409. 

thicknesses required for—, 511 
513, 656. 
valves for—, 666 
of varying diameter, discharge 
through—, 531. 
velocities in—, 522-524, 527. 
vitrified—, 575, 1426. 
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Pressure, Pressures,—continued. 
barometer, 320. 

leveling by—, 312. 
center of—, 399, 501, 506, 514. 
on centers of arches, 633. 
conveyor, 580 V. 
in dams, 648. 
distribution of—, 400. 
of earth, 603, 607. 
on foundations, 583. 

-head, 258, 518 
hydrostatic—, 260 a, 501, etc 
on inclined planes, 349. 
line of—, 430, etc. 
maximum—, 

angle, prism, slope of—, 607. 
in pipes, 511, 518 
-plate, Gauthey’s, 561. 
in reservoirs, 651. 
on retaining walls, 603. 607 
of running water m pipes, 518 
transmission of- through 
liquids, 506. 

unit—, conversion of , 240 
of water, 501, etc, 516, etc 
in cylinders, 511 
in pipes, 511, 518 
planks to resist—, 586, 648 
running, 518. 
walls to resist—, 508 
of wind, 321. 

on roof trusses, 714 

Price list, 1400. 

Priddle bar, 1299. 

Prime, 

number, 35. 

Principal, Principals, 
in interest, 41. 
stresses, 494 c, 494 y. 

Prism, Prisms, 195. 

center of gravity of—, 395. 
frustums of—, 195 

center of gravity of—, 395 
of max pressure, 607 

Pribinoid, Prismoids, 202. 

Prismoidal formula, 202 

Probings, dredging, 581 r. 

Profile, Profiles, 304. 

-paper, 1389. 

cost of—, 1412. 
transformation of—, 611. 
virtual—, 1071. 

Progression, 39. 

Property investment of railroads, 
1120 

Projlbrtion, 

by logarithms, 71. 
and ratio, 38 

Proportionals, 38. 

Protection 

of bridges, 763, 764. 
of metals, 327, 1218. 

Protractor, 

cost of—, 1412. 
curve—, 933. 


Puddle, 
walls, 651. 

Pull, 359 
draw-bar—, 

measurement of—, 1067. 
-scoop. 5x0 b. 

-shovel 580 b. 

on tapes, surveying, 282. 

Pulley, Pulleys, 428. 

Pulsomcters, cost of—, 1410. 

Pump, Pumps, 1012. 
chain—, 687. 
cost of—. 1410. 
din’s A\ork at—, 686, 1012. 
for hwlraulic dredge, 581 p. 
sand, 599, 670. 

Pumping engines, see Pump, 
Pumps 

Purlin, Purlins, 713. 

Push and pull, 359 
-shifting, 1002 

Push < arts, 580 Q. 

Pusher, Pushers, 

of lliglit conveyors, 580/'. 
grades, 1087. 

Puzzolan cement, 1222, 1224. 

Pjrannd, Pyramids, 200 
frustum of—, 201 


Q 

Quadrant, Quadrants, 

center of gravity of—, 393 
I, II, III, IV, signs m—, 97 a. 
Quart, Quarts, 222, 223. 
Quartering 

of sand, gravel, etc, 1238 
Quartz, as aggregate, 1305 
weight of—, 214, 1240. 

Quebec bridge, column failure in 
—, 1202 

Quick lime, 213, 1223, 1244. 

weight of—, 213. 

Quintal, 226. 


n 

Rack-a-roek, 1397. 

Kuck-and-lever jack, 580 h. 

Radial cableways, 580 L. 

Radian, 97. 

Rudio tune signals, 267. 

Radius, Radii, 
of circles, 161. 

See also Radii of Curves, be¬ 
low, 
of curves, 

850 and throughout Turn¬ 
outs, Geometry, 850-873, 

875 and throughout Curves. 
875-981. 

of gyration, 352, 353 a, 353 0, 
1174 etc. 

square of—, 353 a, 353 b. 
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Radius, Radii,—continued, 
mean, 523, 564. 
of railroad curves—, 

850 and throughout Turn¬ 
outs, Geometry, 850-873, 
875 and throughout Curves, 
875-981. 

ratio of— to arc, 97. 
in turnouts, 850, 860, 868 and 
throughout Turnouts, Geom¬ 
etry, 850-873. 

Rail, Rails, 793 

h'Miding of— for curves, 815, 

816, 817. 

-bolts, 809. 

-braces, 806. 
closure- -, 822 
composition of—, 794 
continuous—, 810 
corrugation of—, 793 

eosl * of— , 1112, 1114. 1412. 
creeping of—, 807, 809. 
tin curves, bending of—■, 815. 
inner and outer rails, 811 
wear of—, 813. 
rutting of ties by—, 785. 
dea-i—, 1003. 
del ailing- , 826 
digest of specifications for- , 
794. 

easer—, 830, 846. 
expansion of—, 806, 818. 
functions of—, 780 
g lard— or guide 750, 822 
823, 833, 834, 1080 
-joints, 780 798, 806, 818 
cost, 1113, 1U4. 
with screw splices, 803. 
laving, 814, 815, 821 
lead 822 
maintenance, 814 
manganese steel, 796. 
ordinates for bending—, 816, 

817. 

point—, 835. 

requirements of—, 794, 1150, 
1152. 

road, roads, 

see Railroad. Railroads, 
sections of—, 796, 797 
special steel—, 796 
specifications foi—, 794. 
spiking of—, 818. 
stock--, 835. 
switch- -, 835 
derailing, 826. 
ties for—. See Tie, Ties, 
-way. Sec Railroad, 
wear of—, 
on curves, 813 
weights of—, 1112. 
wing—, 829. 

Railroad, Railroads, 
accounting, 1094, 1096. 
acres required for—, 254. 

99 


Railroad, Railroads,—continued, 
ballast, 783, etc. 
cost, 1112. 

bridges Sec Bridge, Truss, 
Arch, etc. 

construction of—, in IJ S, 
1130-3 

cost of— 1094, 1118, 1123, 
1125 

crossings, 845. 
curves, 874-98] 

See Curves, railroad— 
earnings, 

statistics of—, in U S. 
1130-3. 
earthwork, 

measurement of—, 1014, etc 
cost of—, 1105, 1106. 
electric—, 

cost of—, 1129. 
elevated—, 

cost of—, 1124. 
equipment of— 
cost of— , 1119 
statistics of—, in U. S, 1130 
expenditures (general), 1118. 
statistics of—, in U. S., 
1130-3. 

funded debt of—, 1121 
industrial—, 580 »S. 
intbrurban—, 
cost, of—, 1129 
laying of- -, 814, 815 
lines, 

comparison of—, 1081. 
maintenance of—, 814. 
metals for—, 

requirements of—, 805 
nut row-gauge—■, 580 S. 
oi>eration, 
cost of—, 

analysis of—. 1081 
on grades, 1076 
statistics of--, in U. S, 
1130 3 

plant, statistics of—, in U. S . 
1130-3 

portable- 580 /■>' 
property investment of—, 1120 
rails See Rail, Rails, 
real estate for—, 
cost of—, 130?. 

resistance on—, 417, 1056, 

1070 

roadbed, 780. 
rolling stock, 1039. 
signals, 982 

See also Signaling, railroad 
spikes, 780, 300-804, 818. 

See Spike, Spikes, railroad— 
stations, 1006. 

cost of—, 1115. 
statistics, 1130-3. 
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Railroad—Reinforced concrete. 


Railroad, Railroads,—continued, 
subway—, 

cost of—, 1124. 
supplies, cost of—, 1412. 
surveys, 

cost of—, 1100. 
switch, 835. 

See also under Turnouts, 
ties, 784. 

See also under Tie, Ties, 
time, 

standard—, 267. 
track, 780. 

-tank, 1013. 
train. 

See under Train, 
dynamics of—, 1070 
resistance, 1056-1069, 1070, 
etc. 

trolley—, 

cost of—, 1129. 
turnouts, 822-873 

See Turnout, Turnouts, 
underground—, 
cost of—, 1124. 
valuation of—, 1095. 

statistics, 1122 
water stations for—, 1011. 
yards and stations for—, 994. 
Railway, Railways, 
industrial—, 580 S. 
see also Railroad, Railroads 
Rain, 322. 

-fall, 322. 

depths, equiv volumes, 250. 
-equivalent of snow, 324. 
gauges, 324. 
and snow, 322. 

-water, 327. 

Rainy days, av number of—, 325. 
Ram, Rams, 
hydraulic—, 

cost of—, 1410. 
rock breaking, 581 r. 
water—, 513, 663, 668. 
Ramming, 

of concrete, 1268, 1305, 1357, 
1378. 

cost of—, 1378. 

Ramp, Ramps, 1007. 

Random stone, 583. 

Range 

poles, cost of—, 1411. 
targets, dredging, 581 r. 
Rankine, W. J. M. 
column formula, 

general—, 497-498 a. 
iron and steel—, 1193, 1195, 
1199. 

reinforced concrete—, 1281. 
wood—, 1143, 1144, 1148. 
Ransome bar, 1298. 

Rapid transit stations, 1010. 
Ratio, Ratios, 

angular—, 97, 97 b. 


Ratio, Ratios,—contimied. 
elastic—, 459. 
and proportion, 38. 
trigonometric—, 97, 97 b 
logarithmic—, 72, 143 a. 

Reaction, 333 
end—, 360, 439. 

in trusses, 699, 702, 714. 
of soils, elastic—, 593. 
shears and moments, 453. 

Real Estate, 

cost of—, for railroads, 1101. 

Reaumur thermometer, 318. 

Receiving yard, 994, 995 

Reciprocal, Reciprocals, 48-53. 
or inverse proportion, 39. 
on logarithmic chart, 76. 
by logarithms, 71. 
by slide rule, 77 

Reclassification yards, 1005. 

Reconnaissance, Reconnaissances, 
railroad—, cost of—, 1100. 

Recording, 
track—, 821. 

Rectangle, Rectangles, 157. 
radius of gyration, 353 a. 

Rectangular 

components, 369 

plates, strength of—, 493. 

Rectification, 
of arc, 184. 
of ellipse, 190. 

Recurring decimals, 38. 

Reduction, 

of urea, 456, 752, 754, 1153. 
of figures, 160. 

Redundant members, 720. 

Redwood, 

columns, 1145. 

Refraction and curvature tables, 
153. 

Regular 

figures, 148. 
solids, 194. 

Regulation of time-piece by stars, 
266. 


Rehydration, 1276. 

Reinforced concrete, 1278, 1307 
See also under structure in ques¬ 
tion, and name of type of re¬ 
inforcement in question. See 
also Reinforcement, 
adhesion of—. 1274, 1279, 1294, 
1296, 1297, 1307, 1364. 


-unit, 1294. 
aggregate for—, 1278. 

See also under Aggregate, 
anchor plates for—, 1297. 
bars for—, 1278. See also Re¬ 
inforcement, bars, 
beam, beams, . 

adhesion in—, 1274, 1279, 
1294, 1296, 1297, 1307, 
1364. 
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RudiuN—Railroad. 


Radius, Radii,—continued, 
mean, 523, 564. 
of railroad curves—, 

850 and throughout Turn¬ 
outs, Geometry, 850-873, 
875 and throughout Curves, 
875-981. 

ratio of— to arc, 97. 
in turnouts, 850, 860, 868 and 
throughout Turnouts, Geom¬ 
etry, 850-873. 

Rail, Rails, 793 

h'Miding of— for curves, 815, 

816, 817. 

-bolts, 809. 

-braces, 806. 
closure- -, 822 
composition of—, 794 
continuous—, 810 
corrugation of—, 793 

eosl * of— , 1112, 1114. 1412. 
creeping of—, 807, 809. 
tin curves, bending of—■, 815. 
inner and outer rails, 811 
wear of—, 813. 
rutting of ties by—, 785. 
dea-i—, 1003. 
del ailing- , 826 
digest of specifications for- , 
794. 

easer—, 830, 846. 
expansion of—, 806, 818. 
functions of—, 780 
g lard— or guide 750, 822 
823, 833, 834, 1080 
-joints, 780 798, 806, 818 
cost, 1113, 1U4. 
with screw splices, 803. 
laving, 814, 815, 821 
lead 822 
maintenance, 814 
manganese steel, 796. 
ordinates for bending—, 816, 

817. 

point—, 835. 

requirements of—, 794, 1150, 
1152. 

road, roads, 

see Railroad. Railroads, 
sections of—, 796, 797 
special steel—, 796 
specifications foi—, 794. 
spiking of—, 818. 
stock--, 835. 
switch- -, 835 
derailing, 826. 
ties for—. See Tie, Ties, 
-way. Sec Railroad, 
wear of—, 
on curves, 813 
weights of—, 1112. 
wing—, 829. 

Railroad, Railroads, 
accounting, 1094, 1096. 
acres required for—, 254. 

99 


Railroad, Railroads,—continued, 
ballast, 783, etc. 
cost, 1112. 

bridges Sec Bridge, Truss, 
Arch, etc. 

construction of—, in IJ S, 
1130-3 

cost of— 1094, 1118, 1123, 
1125 

crossings, 845. 
curves, 874-98] 

See Curves, railroad— 
earnings, 

statistics of—, in U S. 
1130-3. 
earthwork, 

measurement of—, 1014, etc 
cost of—, 1105, 1106. 
electric—, 

cost of—, 1129. 
elevated—, 

cost of—, 1124. 
equipment of— 
cost of— , 1119 
statistics of—, in U. S, 1130 
expenditures (general), 1118. 
statistics of—, in U. S., 
1130-3. 

funded debt of—, 1121 
industrial—, 580 »S. 
intbrurban—, 
cost, of—, 1129 
laying of- -, 814, 815 
lines, 

comparison of—, 1081. 
maintenance of—, 814. 
metals for—, 

requirements of—, 805 
nut row-gauge—■, 580 S. 
oi>eration, 
cost of—, 

analysis of—. 1081 
on grades, 1076 
statistics of--, in U. S, 
1130 3 

plant, statistics of—, in U. S . 
1130-3 

portable- 580 /■>' 
property investment of—, 1120 
rails See Rail, Rails, 
real estate for—, 
cost of—, 130?. 

resistance on—, 417, 1056, 

1070 

roadbed, 780. 
rolling stock, 1039. 
signals, 982 

See also Signaling, railroad 
spikes, 780, 300-804, 818. 

See Spike, Spikes, railroad— 
stations, 1006. 

cost of—, 1115. 
statistics, 1130-3. 
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Reinforcement—Ring:. 


Rei nf orccmen t,—conti n ued. 
disturbance of—, 1307. 
double—. 1295, 1367 
electrolysis in—, 1307. 
expanded metal, 1300. 
friction of—, 1279, 1307. 
lapping of—, 1364. 
lath—, 
rib—, 1301. 
lengths of bars, 1364 
metal, 

expanded—, 1300. 
rib—, 1300. 

methods of—, 1278, 1295, 1307 
1362, 1367. 

mushroom system, 1302. 
percentage of—, 1307, 1375. 
placing of—, cost of—, 1377 
proportions, 1307, 1375 
protection of—, 1364 
rib lath, 1301. 
rib metal, 1300. 
rods, supports for—, 1299 
shapes, structural—, for—, 

1301. 

shear in—, 1292, 1294, 1296 
steel for—, 1307, 1363 
stirrups, 1292, 1296, 1307 
spacing of—, 1367 
strength of—, 1307. 
stresses in—, 
max— allowed, 1363. 
structural shapes for—, 1301 
supports for—, 1299. 
tension— in top of beam, 1295, 
1367. 

thermal conductivity of—, 1307 
trussed—, 1296, 1301 
types of—, 1278, 1295, 1307, 
1362, 1367. 
web—, 1300, 1367. 
welded wire, 1300. 
wire lath, 1300. 

Reinforcing 

bars, cost of—, 1404. 
plates, 724, 747. 

Relative density, 210. 

Relay, Relays, 
for track circuit, 990. 

Renewal, 
of ballast, 820. 
of bridges, 743. 
of ties, 790, 791, 1112. 
cost, 821. 

Repair, Repairs, 
of bubble-tube, 296. 
of cars, 1053. 
of cross-hairs, 296. 
of pipes, 661. 
in reservoirs, 652. 
of road, 1025. 
tracks, 996. 

Repeating decimals, 38. 

Replacers, car—, 1055. 


| Reservoir, Reservoirs, 650. 
evaporation from—, 329. 
for railroads, 1012. 

Resilience, 460. • 

Resistance, Resistances, 
air—, 1057. 

of automobiles, 580 q. 
automobiles, 580 q. 
of cars, 417. 
curve—, 1061. 

-factor, 528. 

to flow, 523, 537, 564. 

of foundations, 583, 592. 

grade—, 1060 . 

journal—, 1057 

line of—, 430, 432, 434-436. 

of locomotives, 1057, 1058. 

of piles, 592. 

of plates as beams, 493. 

on railroads, 417. 

rolling—, 1057. 

to starting, 1058, 1059. 

train—, 1056, 1070. 

wind—, 1062. 

Resolutes, 369. 

Resolution of forces, 362, etc 

Rest, relative—, 358. 

Resultant, Resultants, 
of forces, 362. 
line of-, 430, 432. 
of moments, 360. 
of parallel forces, 382, 399. 
sense of—, 366. 

Resurvey, 
of curves, 953. 

Retaining walls, 603 
concrete—, cost of—, 137?. 

Retardation, 

effect of— on tram resistance, 
1059. 

Revoii ue, 

and length-difference, 1087. 

Reverse 

bearing, 277. 
curves, 918. 

Revetment, 612. 

Revolving bodies, 351. 

Rhomb, 157, 195. 

Rhombic prism, 195. 

Khombohodron, 195. 

Rhomboid, 157. 

Rhombus, 157. 

Rhumb-line, 277. 

Rib, Ribs, 
lath, 1301. 
metal, 1300. 

Right angle, to draw, 93. 

-of way, 

cost of—, 1102. 

-multiple, 1102. 
width of—, 1101. 

Rigid bodies, 
force in—, 330, 358. 

Ring, Rings, 

circular, 186, 209 
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Rip-rap—Ropeway. 


Rip rap, 583, 
in ditches, 782 
Rise of arch, 613. 

Rise-and-fall, 1076. 

River, RiverS. See also Water, 
dams in—, 642. 
flow in—, 560. 
type dredge, 081 n. 

Rivet, Rivets, 772. 
cost of—, 1404. 
frictional jesistance of—, 1205 
slip of—, 1205. 
stresses in—, permissible— 

762. 

Riveted 
columns, 1186 
joints, 721, 749, 759, 772. 
Riveting, 

in columns, 1190. 
hanpmers, cost of—, 1409 
Road, Roads, 

•bed, 780 

i (instruction—, OHl) w 
contractor’s—, 5X0 tc. 
grades of—, 255-257, 683 
machinery, cost of- 1411. 
maintainor, 580 t. 
maintenance, 1025. 
materials, cost of 1402. 
rail—, see Railroad, 
repairs of—, 1025. 
shaper, 580 t 
traction on—. 683 
-way, acres required for—, 254. 
-way, 

drainage of—, in arclics, 628. 
Roadbed, 780. 

construction, cost of—, 1104. 
crown of—, 782. 
railroad—, 780. 
requii ments of—, 780 
Rock, Rocks, 
blasting of—, 1394, etc. 
•breaking, dredging, 5bl r. 
channeling, 681. 
cost of—, 1403. 
crushers, cost of—, 1411. 
dredging, 581 a, 581 q 
cost of—, 581 «'. 
drills, 600, 675, 681. 

cost of—, 1409. 
excavating, cost of—, 

1106, 1034, 1035, 1108. 
removal of—, 1034, 1035. 
Rocker bearings, 725, 730 
Rod, Rods, 

of brickwork, 1220. 
equivalents of—, 220, 232 
leveling—, cost of—, 1411. 
in reinforced concrete, 1278, 
1297, 1299, 1307, 1362. 
upset—, 1168. 

Rolled iron. See Steel, and 
Wrought iron. 


Roller, Rollers, 
anti friction—, 417, 751 
-bearings, 725-728. 
belt conveyor—, 580 to. 
bucket conveyor—, 580 n. 
under cranes, 580 F. 
road—, cost of—, 1411. 

Rolling 
friction, 414. 
lift bridges, 697. 
load See live, etc, under Load 
stock, 1039. 

cost of—, 1119, 1120 
resistance of—, 417, 1056. 
Roman cement, 1223. 

Rood, 222. 

Roof, Roofs, 

acid fumes, effect of-- on- . 

1162, 1381. 
copper—, 1210. 

-covering, 764. 
weights of—, 713 
iron for—, 1162 
lead—, 1210. 

leak in—, to stop—, 1382 
1384. 

painting of—, 764, 1162, 1383. 
pitch of—, 1208, 1381. 
sheet-iron—, 1162 
shingle—, 1382. 
slate—, 1381. 
tin—, 1208. 

-trusses, 698, 713, 740, 764. 

weights, 713, 741. 
weight, 713, 741. 
wind on—, effect of—, 321 
713. 

zinc—, 1208. 

Roofing, cost of—, 1409. 

Root, Roots, 

cube and square—, tables, 54 
of decimals, to find—, 67. 
fifth—, 67, 68. 
finding'— 

by logarithmic chart, 76 
by logarithms, 71. 
by slide rule, 76. 
of large numbers, 66. 
square—, 
tables, 54. 
of diameters, 526 
of fifth powers, 69. 

Rooter, Rooters, 580 T. 
plow, 580 8. 

Rotie, Rcj-es, 580 D, 1214, 1386, 
hoisting—, 580 D. 

cost of—, 1406. 
manila, cost of—, 1408. 
trolleys, 580 k. 
wire—, 580 D, 1387, 1388. 
cost of—, 1406. 

Ropeway, Ropeways, 
moving—, 580 1. 
single—, 580 1. 
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Reinforcement—Ring:. 


Rei nf orccmen t,—conti n ued. 
disturbance of—, 1307. 
double—. 1295, 1367 
electrolysis in—, 1307. 
expanded metal, 1300. 
friction of—, 1279, 1307. 
lapping of—, 1364. 
lath—, 
rib—, 1301. 
lengths of bars, 1364 
metal, 

expanded—, 1300. 
rib—, 1300. 

methods of—, 1278, 1295, 1307 
1362, 1367. 

mushroom system, 1302. 
percentage of—, 1307, 1375. 
placing of—, cost of—, 1377 
proportions, 1307, 1375 
protection of—, 1364 
rib lath, 1301. 
rib metal, 1300. 
rods, supports for—, 1299 
shapes, structural—, for—, 

1301. 

shear in—, 1292, 1294, 1296 
steel for—, 1307, 1363 
stirrups, 1292, 1296, 1307 
spacing of—, 1367 
strength of—, 1307. 
stresses in—, 
max— allowed, 1363. 
structural shapes for—, 1301 
supports for—, 1299. 
tension— in top of beam, 1295, 
1367. 

thermal conductivity of—, 1307 
trussed—, 1296, 1301 
types of—, 1278, 1295, 1307, 
1362, 1367. 
web—, 1300, 1367. 
welded wire, 1300. 
wire lath, 1300. 

Reinforcing 

bars, cost of—, 1404. 
plates, 724, 747. 

Relative density, 210. 

Relay, Relays, 
for track circuit, 990. 

Renewal, 
of ballast, 820. 
of bridges, 743. 
of ties, 790, 791, 1112. 
cost, 821. 

Repair, Repairs, 
of bubble-tube, 296. 
of cars, 1053. 
of cross-hairs, 296. 
of pipes, 661. 
in reservoirs, 652. 
of road, 1025. 
tracks, 996. 

Repeating decimals, 38. 

Replacers, car—, 1055. 


| Reservoir, Reservoirs, 650. 
evaporation from—, 329. 
for railroads, 1012. 

Resilience, 460. • 

Resistance, Resistances, 
air—, 1057. 

of automobiles, 580 q. 
automobiles, 580 q. 
of cars, 417. 
curve—, 1061. 

-factor, 528. 

to flow, 523, 537, 564. 

of foundations, 583, 592. 

grade—, 1060. 

journal—, 1057 

line of—, 430, 432, 434-436. 

of locomotives, 1057, 1058. 

of piles, 592. 

of plates as beams, 493. 

on railroads, 417. 

rolling—, 1057. 

to starting, 1058, 1059. 

train—, 1056, 1070. 

wind—, 1062. 

Resolutes, 369. 

Resolution of forces, 362, etc 

Rest, relative—, 358. 

Resultant, Resultants, 
of forces, 362. 
line of-, 430, 432. 
of moments, 360. 
of parallel forces, 382, 399. 
sense of—, 366. 

Resurvey, 
of curves, 953. 

Retaining walls, 603 
concrete—, cost of—, 137?. 

Retardation, 

effect of— on tram resistance, 
1059. 

Revoii ue, 

and length-difference, 1087. 

Reverse 

bearing, 277. 
curves, 918. 

Revetment, 612. 

Revolving bodies, 351. 

Rhomb, 157, 195. 

Rhombic prism, 195. 

Khombohodron, 195. 

Rhomboid, 157. 

Rhombus, 157. 

Rhumb-line, 277. 

Rib, Ribs, 
lath, 1301. 
metal, 1300. 

Right angle, to draw, 93. 

-of way, 

cost of—, 1102. 

-multiple, 1102. 
width of—, 1101. 

Rigid bodies, 
force in—, 330, 358. 

Ring, Rings, 

circular, 186, 209 
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Shingle-Slaking. 


Shingle, Shingles, 1382, 
composition—, cost, 1408 
Shoe, Shoes, 
bridge—, 521. 
for piles, 593. 

Shoots for dredging, 581 t. 

Shop, Shops, 
railroad—, 

cost of— 1116, 1118. 
yards, 996. 

Short ton, 216. 

Shovel, Shovels, 
miniature-—, 580 ft. 
power—, 580 A. 
pull—, 580 b. 
steam—, cost of—, 1410. 
wear of—, 1025 
Shoveling earth, 1024 
Shrinkage, Shrinkages, 
of embankment, 1023 
of rails, 

in manufacture, 795. 

Side, Sides, 
tloats, dredging, 581 h. 
slopes, dredging, 581 t. 

•walks, see Sidewalk (below). 
Sidereal 

tune, day, month, year, 265, 

266. 


Si dew alk, Sidewalks, 
concrete—, 1369, 
cost of—, 1409. 

Siding, Sidings, 
(atch—, 827. 
cost of—, 1113 
curves on—, 1080. 
double—, 827. 
grades on—, 1077 
lap—, 828. 


Sifter, Sifters, 

station-order—, 1005 
Sign, Signs, 
for railroads, 
cost of—, 1115. 

Signal, Signals, 
air-—, 1042. 
automatic—, 990. 
cost of—, 1118. 
fixed—, 983. 
hoisting—, 580 x. 
radio time- 7 , 267. 
time—, radio—, 287. 
Signaling, 
railroad—, 982. 
automatic—, 990 
automatic stop—, 991- 
block system, 986. 
electric--, 986. 
for electric railways, 991 
fixed signals, 983. 
hand—, 982. 
interlocking, 988. 
semaphores, 983. 


Signaling,—continued, 
railroad — , continued, 
staff system, 988. 
street railway—, 991. 
transmission mechanism, 985. 
Silica cement, 1224 
Silicate of alumina, 1222. 

Silt, 

cost of dredging—, 581 x. 
dredging, 581. 

Silver, 

coins, etc, 218 
strength of—, 1212. 
wpight of—, 214, 219. 

Similar 

beams, 484. 
figures, 484. 
sections, 484 
triangles, 880 

Similarity, geometrical—, 92. 

Simple interest, 41. 

Sine, Sines, 97-97 b, 98 
co—, 97-97 b, "8. 
covcrsed—, 97 o. 
logarithmic--, 72, 143 o. 
natural— defined, 97. 

table. 98. 
by slide rule, 77. 
table of—, 98. 
versed—, 97 a. 

Single 

-line buckets, dredging, 581 g. 

riveting, 772 

ropeway, 580 l. 

rule of three, 39. 

shear, 499, 774. 

Sinking fund, 43. 

Siphon, 520. 

Size, Sizes, 
effective—, 1239. 

Skew 

-bark, 613. 

-bridge, 697. 

Skid, Skids, 580 F. 

Skidding of wheels, 413, 580/, 
580 #. 

Skimmer, excavating, 580 />’. 
Skimmer scoop, 580 if. 

Skip, Skips, 579 Z. 

Skylight, Skylights, 
cost of—, 1409. 
glass—, 1385. 

Slab, Slabs, 

reinfd cone—, 1290, 1291,1296. 
1367, 1368, 1369. 

Slacking of lime—, 1217, 1218, 
1223. 

Slack-line cableway, 580 k. 

Slag, 

ballast, 783. 
cement, 1222, 1224. 
cost of—, 1403. 
granulated—, 783. 

Slaking, 1217, 1218, 1223. 
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Reinforcement—Ring:. 


Rei nf orccmen t,—conti n ued. 
disturbance of—, 1307. 
double—. 1295, 1367 
electrolysis in—, 1307. 
expanded metal, 1300. 
friction of—, 1279, 1307. 
lapping of—, 1364. 
lath—, 
rib—, 1301. 
lengths of bars, 1364 
metal, 

expanded—, 1300. 
rib—, 1300. 

methods of—, 1278, 1295, 1307 
1362, 1367. 

mushroom system, 1302. 
percentage of—, 1307, 1375. 
placing of—, cost of—, 1377 
proportions, 1307, 1375 
protection of—, 1364 
rib lath, 1301. 
rib metal, 1300. 
rods, supports for—, 1299 
shapes, structural—, for—, 

1301. 

shear in—, 1292, 1294, 1296 
steel for—, 1307, 1363 
stirrups, 1292, 1296, 1307 
spacing of—, 1367 
strength of—, 1307. 
stresses in—, 
max— allowed, 1363. 
structural shapes for—, 1301 
supports for—, 1299. 
tension— in top of beam, 1295, 
1367. 

thermal conductivity of—, 1307 
trussed—, 1296, 1301 
types of—, 1278, 1295, 1307, 
1362, 1367. 
web—, 1300, 1367. 
welded wire, 1300. 
wire lath, 1300. 

Reinforcing 

bars, cost of—, 1404. 
plates, 724, 747. 

Relative density, 210. 

Relay, Relays, 
for track circuit, 990. 

Renewal, 
of ballast, 820. 
of bridges, 743. 
of ties, 790, 791, 1112. 
cost, 821. 

Repair, Repairs, 
of bubble-tube, 296. 
of cars, 1053. 
of cross-hairs, 296. 
of pipes, 661. 
in reservoirs, 652. 
of road, 1025. 
tracks, 996. 

Repeating decimals, 38. 

Replacers, car—, 1055. 


| Reservoir, Reservoirs, 650. 
evaporation from—, 329. 
for railroads, 1012. 

Resilience, 460. • 

Resistance, Resistances, 
air—, 1057. 

of automobiles, 580 q. 
automobiles, 580 q. 
of cars, 417. 
curve—, 1061. 

-factor, 528. 

to flow, 523, 537, 564. 

of foundations, 583, 592. 

grade—, 1060. 

journal—, 1057 

line of—, 430, 432, 434-436. 

of locomotives, 1057, 1058. 

of piles, 592. 

of plates as beams, 493. 

on railroads, 417. 

rolling—, 1057. 

to starting, 1058, 1059. 

train—, 1056, 1070. 

wind—, 1062. 

Resolutes, 369. 

Resolution of forces, 362, etc 

Rest, relative—, 358. 

Resultant, Resultants, 
of forces, 362. 
line of-, 430, 432. 
of moments, 360. 
of parallel forces, 382, 399. 
sense of—, 366. 

Resurvey, 
of curves, 953. 

Retaining walls, 603 
concrete—, cost of—, 137?. 

Retardation, 

effect of— on tram resistance, 
1059. 

Revoii ue, 

and length-difference, 1087. 

Reverse 

bearing, 277. 
curves, 918. 

Revetment, 612. 

Revolving bodies, 351. 

Rhomb, 157, 195. 

Rhombic prism, 195. 

Khombohodron, 195. 

Rhomboid, 157. 

Rhombus, 157. 

Rhumb-line, 277. 

Rib, Ribs, 
lath, 1301. 
metal, 1300. 

Right angle, to draw, 93. 

-of way, 

cost of—, 1102. 

-multiple, 1102. 
width of—, 1101. 

Rigid bodies, 
force in—, 330, 358. 

Ring, Rings, 

circular, 186, 209 
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Specifications,—continued, 
for track, 780. 
for trusses, 744, 745. 
for wooden bridges, 763. 

Si>eed, Speeds. 

Sec also Velocity, 
and energy, 1070. 
records, 

on trains, 1068. 
of teams, 1025, 1030. 
of trains, 1053. 

Spelter, 1208. See Zinc. 

Sphere, Spheres, 204, 205, 208, 
222, 396, 1157, 1159, 1210. 
Seo also Spherical 
voids between—, 1241 
Spherical 

sector, center of gr..\ ity of—, 
396. 

segment, 208 

center of gravity of—, 395. 
shell, 208, 115- 1159 
zone, 208. 

center of gravity of—, 396 
Spheroid, 209. 

center of gravity of—, 395. 
Spigot, 

in pipe joint, 660 
Spike, Spikes, 780, 1406. 
cost of—, 1404. 
driving of—, 818. 
functions of—, 780. 
railroad—, 780, 800, 818. 
functions of—, 780. 
screw —, 802 
tie plugs, 802. 
screw—•*, 802. 

Spiking, 818. 

Spindli- 

circular—, 208, 209. 
torsional stress in—, 500. 
Spiral, Spirals, 

American Railway Engng Assn, 
967. 

conveyors, 580 P. 
curves, 966. 
railroad curves, 966. 
rolling stock on—, 1043. 
ten-chord—, 967. 

Splice bar, 798, _ 806, 818, 819. 
See also Rail, joint. 


timber—, 736 

Spout, elephant trunk-—, 58>) N 

Spreading of earth, 1025. 

Spring, Springs, 
of arch, 613. 
car and loco —, 1039. 
in foundations, 583. 

-frogs, 831. 

-nut-locks, 809 
-rail frogs, 831. 

Spruce, . 

strength of—, 476, 499, llo7, 
1138, 1145. 
weight of—, 214, 755. 


Spud, Spuds, 
bank—, 581 h. 
dipper dredge, 581 k. 
dredges. 581 g. 

sub-aqueous rock excav’n, 581 r. 
Spudding, 672. 

Spur, Spurs, 
hoist, 5801. 
track, 824. 

Square, Squares. See also Powers 
area, 157. 

equivalents of— in circles, 
161. 

center of gravity of—, 391. 
and circle, relation between—. 
161. 

measure, 222, 233. 
conversion table, 233. 
metric—, 225 
mensuration of—, 157. 
of numbers, table of—, 55 
of radius of gyration, 353 a, 
353 b. 

of roofing, 1381. 
roots, 54. 

of decimals, to find—, 67. 
of diamoters, 526. 
of fifth powers, 69. 
of large numbers, to calcu¬ 
late—, 66. 
tables of—, 54. 
sides of—, 157, 161. 
tables of—> 55. 

Squatting of vessels, 581 a. 
Stability, 422, 514. 

of arches, 430, 432, 620. 
of dams, 433, 510. 
frictional—, 409. 
on inclined planes, 424. 
of retaining walls, 603. 

Stable equilibrium, 387, 514. 
Stacker, conveyor—, 580 m. 

Stadia hairs, 293. 

Staff system, signaling, 988. 
Stand pipes, 663, 1012. 

Standard 

railway time, 267. 
wheel loads, 705, etc, 755, etc. 
Standing cable, 580 K. 

Stars, to regulate a watch, etc, 
by—, 266 

Starting resistance, 1058. 

Static frit lion, 407. 

Statics, 330, 358. 
of arch, 430, 432. 
of beams, 437, etc, 466, etc. 
graphic—, 428-431, 435. 
of masonry asm, 430, 433-436 
of trusses, 698, etc. 

Station, Stations, 
in curves, 879. 

-order shifters, 1005. 
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Station, Stations,—continued, 
railroad—, 994, 1006. 
back-in—, 1010. 
cost of— llir», 1116 
design of—, 1007. 
freight—, 1006. 
fuel and water—, 
cost of—, 1116, 1118 
passenger—, 1007. 
transfer—, 1006. 
water—, 1011. 
yards and—, 994 
in railroad curves, 879, 
in surveys, 309. 

Stationary 

dredges, 581 1. 
engines, cost of—, 1410. 
hydraulic dredge, 581 n. 
Statistics, 

railroad—, 1130-3. 
signaling—, 992 
Stave pipe, cost of—, 1426. 
Stays, cable—, 766 
Steady flow, 527. 

Steam 

dredges, 581 t. 

effect of— on concrete, 1306. 
for excavating, etc, 580 II. 
pile drivers, 590, 591, 
pipes, 1164. 
rock-drill, 675. 
shovels, cost of—, 1410. 
supply on trains, 1042 
Steel. See also Iron 
angles, 1178, 1180 
area reduction, 809 
beams, 476, 1174, etc. 
bending tests of—, 1153. 

for concrete, 1363. 

Bessemer—, requirements for—, 
794. 1152, 1154 
bolts, 1165, 1168. 
in bridges, requirements for—, 
751. 

cars, 1053. 
castings, 

in bridges, 754, 1152 
channels, 1176. 
coefficient of expansion, 810 
columns, 495, etc, 760, 1183, 
etc, 1189, etc See also 
Columns, iron and steel, 
composition of—, 753, 794, 

1152. 

compressibility of—, 460 
compressive strength of—, 
1213. 

in concrete, 1295, 1318, etc. 
See Reinforced concrete, steel 
in—, and Reinforcement, 
cost of—, 1403. 
ductility of—, 460. 
elastic limit of—, 460, 809. 
elastic modulus of—, 460, 

1278. 


Steel,—continued, 
elongation of—, 752, 809, 1153 
1154, 1155 

<xpansion by heart, 317, 810 
1278 

forgings, requirements for— 
1153 

framework, specifications for— 
764 

friction of*—, 411. 

I-beams, 1174 See also Beam. 
I—. 

manipulation of—, 751. 
manufacture of—, 751, 795 
1150. 

modulus, elastic— of—, 460, 
1278. 

open hearth—, requirements 
for—, 794, 1152, 1154. 
pillars See Columns, steel— 
pipe, cost of—, 1412. 
plates, 

buckled, 1167. 
tinned—, 1208. 

rails, 793, etc. See also Rail, 
Rails 

reduction of area of—, 809. 
in reinforced concrete, 1295, 
1318, etc See Reinforced 
concrete, steel in—, and Re¬ 
inforcement, steel—. 
requirements for—, 751, 794, 
805, 809, 1150, 1152, 1154 
roof trusses, 740. 
rope, 1387, 1388. 
shearing strength of—, 499 
shop work on—, 751 
specifications for—, 794, 795, 
1150, 1152, 1154, 1363 
strength of—, 476, 499, 500, 
809, 1150, 1152, 1154, 1213 
See also Steel, requirements 
for—. 

Stresses in—, 
allowed, 760 

in concrete, 1363. 
stretch of—, 460. 
structural—, 

elastic limit of—, 4 60 
elastic modulus of—, 460. 
requirements for—, 1152, 

1154. 

tensile strength of—, 809, 1212 
tests of— Sec Steel, require¬ 

ments for— 

for reinforced concrete, 1363 
ties. 789. 

torsional strength of—, 500 
transverse strength of—, 476 
weight of—, 214, 755, 1159, 
1160. 

in bridges, 1109. 
wire, 1173. 
rope, 1387, 1388. 

-yard, 383. 
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Stopped formula, 
for columns, 498 5, 1146, 1148. 
Store, 225, 235. 

Stick, dipper dredge, 5817c. 

StiffenoTS, 'MB 

St ill-leg derrick, 580 E. 

Stiffness, 

in beams, 480-486, 1139 
in bridges, 721. 

Stirrups, 

in concrete, 1292, 1296, 1307 
spacing of—, 1367. 
supporting reinforcement, 
1299 

in timber framing, 734. 

Stone, 

as aggregate, 

cost of-—, 1305, 1375. 
arch—, 613. 
m arches, quantity, 622. 
artificial—, 1252,’etc, 1361. 
ballast, 783 
beams, 476, 1216. 
bridges, 613. 

centers for—, 631 
broken—, 
as aggregate, 
cost of—, 1305, 1375. 
as ballast, 783. 
cost of—, for concrete, 1375. 
\oids in—, 688. 1253, 1256 
compressive strength of—, 1215 
cost of-, 1403. 

-< rushers, 

-cutters, day’s work of—, 601. 
dams, 400, etc, 430, etc, 433, 
etc, .508, 510 
dressing of—, 601 . 
drilling of--, 600. 

Hastir limit, etc, of—, 460. 
expansion of— by heat, 317 

friction of—, 411. 

ke>-, 613. 

large- - in concrete, 1253, 1258, 
1355. 

omit of—, elastic—, 460 
Masonry, cost of-—, 1408. 
Modulus of—, clastic—, 460. 
'ionntitv of—, in arches, etc, 
622. 

quarrying of—, 600, 601 
random—, 583. 
screenings. 1215, 1305 
strength of—, 476, 1214. 1215. 
"eight of—, 212, etc, 755 
-work. 600, 1034. 
mortar required for—, 1243. 
strength of--, 1215 
weight of—, 213. 

™op, Stops, 
automatic—, 991 
block, 837 

corporation— for pipes, 6 r -l, 
664. 


Stop, Stops,—continued. 

•Jugs, 837. 

-valves for water pipes, 666. 
Storage reservoirs, 652. 

"Straight” air brake, 1041. 
Straight-line formulas, ioT col* 
umns, 498, 498 o, 761, 1143, 
1144, 1148, 1184, 1187, 1193, 
1196, 1199, 1200 
Strain, Strains, 454, 455. 

Straps, in timber framing, 735. 
Stream, Streams, 
flow in—, 560 

-flow and precipitation, relation 
between—, 323. 
to gauge—, 560. 

Street railway signals, 991. 
Strength, Strengths. See also the 
article, structure or material in 
question. 

compressive—, 454, 1138, 1213 
1215. 

of materials, 454 See also the 
material in question, 
shearing—, 499. 
tensile—, 454, 1137, 1212, 

1214. 

torsional—, 499. 
transverse—, 466, 473, 476, 
478, 1174. 

uniform—, beams and canti¬ 
levers of—, 486. 

Stress, Stresses, 359-454, etc. 
alternating—, 761 
in beams, 474, 494 a, etc, 1293. 
hearing—, permissible—, 762. 
bending— in bridge members, 
permissible—, 762. 
in bridge, permissible, 759. 
in cantilevers, 474. 
in column latticing, 1204. 
combined longitudinal and 
transverse—, 494. 724, 762. 
components of . 371, 454. 
compound- , 494, 724, 762 
com pressi vp—, 454. 
diagonal— in beams, 494 a, 
494 e, 1293 


fiber- 466, 467, etc 
and deflection, 481 
max — in flat plates, 493. 
permissible, 762 

in bridge trusses. 759, 764- 
in tcof trusses, 764. 
maximum—, 

in beams, 494 a, 494 e. 
principal—, 494 c, 494 g. 
range of—, 465. 
in rectangular beams, 468. 
in reinforced concrete beams, 
1283-1291, 1293, 1295. 
repeated—465. 
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Station, Stations,—continued, 
railroad—, 994, 1006. 
back-in—, 1010. 
cost of— llir», 1116 
design of—, 1007. 
freight—, 1006. 
fuel and water—, 
cost of—, 1116, 1118 
passenger—, 1007. 
transfer—, 1006. 
water—, 1011. 
yards and—, 994 
in railroad curves, 879, 
in surveys, 309. 

Stationary 

dredges, 581 1. 
engines, cost of—, 1410. 
hydraulic dredge, 581 n. 
Statistics, 

railroad—, 1130-3. 
signaling—, 992 
Stave pipe, cost of—, 1426. 
Stays, cable—, 766 
Steady flow, 527. 

Steam 

dredges, 581 t. 

effect of— on concrete, 1306. 
for excavating, etc, 580 II. 
pile drivers, 590, 591, 
pipes, 1164. 
rock-drill, 675. 
shovels, cost of—, 1410. 
supply on trains, 1042 
Steel. See also Iron 
angles, 1178, 1180 
area reduction, 809 
beams, 476, 1174, etc. 
bending tests of—, 1153. 

for concrete, 1363. 

Bessemer—, requirements for—, 
794. 1152, 1154 
bolts, 1165, 1168. 
in bridges, requirements for—, 
751. 

cars, 1053. 
castings, 

in bridges, 754, 1152 
channels, 1176. 
coefficient of expansion, 810 
columns, 495, etc, 760, 1183, 
etc, 1189, etc See also 
Columns, iron and steel, 
composition of—, 753, 794, 

1152. 

compressibility of—, 460 
compressive strength of—, 
1213. 

in concrete, 1295, 1318, etc. 
See Reinforced concrete, steel 
in—, and Reinforcement, 
cost of—, 1403. 
ductility of—, 460. 
elastic limit of—, 460, 809. 
elastic modulus of—, 460, 

1278. 


Steel,—continued, 
elongation of—, 752, 809, 1153 
1154, 1155 

<xpansion by heart, 317, 810 
1278 

forgings, requirements for— 
1153 

framework, specifications for— 
764 

friction of*—, 411. 

I-beams, 1174 See also Beam. 
I—. 

manipulation of—, 751. 
manufacture of—, 751, 795 
1150. 

modulus, elastic— of—, 460, 
1278. 

open hearth—, requirements 
for—, 794, 1152, 1154. 
pillars See Columns, steel— 
pipe, cost of—, 1412. 
plates, 

buckled, 1167. 
tinned—, 1208. 

rails, 793, etc. See also Rail, 
Rails 

reduction of area of—, 809. 
in reinforced concrete, 1295, 
1318, etc See Reinforced 
concrete, steel in—, and Re¬ 
inforcement, steel—. 
requirements for—, 751, 794, 
805, 809, 1150, 1152, 1154 
roof trusses, 740. 
rope, 1387, 1388. 
shearing strength of—, 499 
shop work on—, 751 
specifications for—, 794, 795, 
1150, 1152, 1154, 1363 
strength of—, 476, 499, 500, 
809, 1150, 1152, 1154, 1213 
See also Steel, requirements 
for—. 

Stresses in—, 
allowed, 760 

in concrete, 1363. 
stretch of—, 460. 
structural—, 

elastic limit of—, 4 60 
elastic modulus of—, 460. 
requirements for—, 1152, 

1154. 

tensile strength of—, 809, 1212 
tests of— Sec Steel, require¬ 

ments for— 

for reinforced concrete, 1363 
ties. 789. 

torsional strength of—, 500 
transverse strength of—, 476 
weight of—, 214, 755, 1159, 
1160. 

in bridges, 1109. 
wire, 1173. 
rope, 1387, 1388. 

-yard, 383. 
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Switch, Switches,—continued. 

-ties, 786, 843. 
trailing and facing—, 822. 
Wharton-*-, 827, 842. 
yard—, 1004. 

Sycamore, 

strength of—, 476, 1137, 1138. 
weight of—, 214. 

Sylvester process, 1220, 1273, 

1305. 

Symbols, 

mathematical—, 33. 

Symmetry, 
axis of—, 514. 

Synodic month, 266. 

Syphon, 520 
System, metric—, 225. 

Systdme ancien, 226. 

Syst&me usuel, 226. 


T, Ts, 

-iron, 1178, 1180. 

-rails, 794. 

•shapes, 353 b, 1178, 1180. 

T C., 874. 

T-bcams, 1290. 

in reinforced concrete—, 1367. 
Table, Tables. 

See the subject in question, 
conversion— of units of meas¬ 
ures, weights, etc, 228. 
transfer—, 996. 
cost of—, 1117. 

Tail towpr. 580 k, 580 L. 

Take-up, belt conveyor, 580 m. 
Tallow, 214, 415. 

Talus, 612. 

Tamping, 819. 

of ballast, 791, 792. 
of concrete, 1268, 1305, 1357, 
1358, 1378. 

of nitroglycerine, 1394. 
under ties, 791, 792. 

Tangent, Tangents, 

of angles, 97, 97 a, 97 b. 
to circles, 162. 

-distances, 874, 875. 
to an ellipse, to draw—, 189. 
logarithmic—, 72. 
natural—, 97, 97 a, 97 h. 

table of—, 98. 

-offset, 875, 892. 

to a parabola, to draw—, 193. 
in railroad curves, 874, 875, 
891, 904, 905, 916, 918, 920. 
See Semitangent. 

•screw, 293, 307. 
by slide rule, 77. 
table of—, 98. 

Tangential, 
angles, 875. 
component, 369. 
stress, 454. 


Tank, Tanks, 
cost of—, 1116, 
thickness of—, 506. 
track—, 1013. 
water—, 1011. 

Tannin, 

with zinc-chloride, 787. 

Tapes, surveying—, 282, 
cost of—, 1411. 

Tapping 

machines, pipe—, cost, 1409. 
of pipes, 657, 664. 
of trees, 

effect of— on timber, 1137. 
Tar 

coal—, 327, 328. 

felt and pitch—, cost, 1408. 

weight of—, 214. 

Target, Targets, 

range—, dredging, 581 v. 
switch—, 840. 

Team, Teams, 

delivery yards, 1006, 1007. 
speed of—, 1025, 1030. 

Teeth; see Tooth, Teeth. 
Telegraph, Telegraphs, 
block system, 987. 
lines, cost of,— 111 17 , 1118. 
Telephone, 

in signaling, 987. 

Temperature, Temperatures, 317. 
See also Heat, 
of air, 320. 

altitude, effect of— on—, 32 
-corrections for tapes, 283. 
effect of—, on evaporation, 32 
metals, etc, 317. 
strength of iron, 1156. 
surveying chains, 274, 283. 
velocity of sound, 316. 
weight of water, 326. 
subterranean—, 320. 
thermometers, 318. 

Ten chord spiral, 967. 

Tender, Tenders, 1013. 

-scoop, 1013. 
weight of—, 1044. 

Tensile 

strength, 454, 1137, 1212, 121 
See also the material, etc, i 
question. 

Tensile stress, 454. 

Tension, 454. 

and compression, 359. 
members, 722, 732, 746. 
flexible and rigid—, 721. 
net section of—, 759. 
in tapes, 282. 

Teredo, 1134. 

Terminus, Termini, 
rapid-transit—, 1010. 

Teme plates, 1208. 

Terra-cotta pipes, 575. 
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lest, Tests, 

bending— of iron and steel, 
1153 

-borings, 582, 670, etc. 
of completed bridges, 753 
of cement, 1228, 1229, 1232, 
1234, 1248, 1354. 
of concrete, 1368 
of full-size eye-bars, 753. 
of models, 478. 

-pieces, iron and steel—, 1150 
of rails, 795. 
for steel, 

mfrs’ standard—, 1154, 1155 
Testing machine 
for cements, 1230. 

Tetmajer’s column formula, 498 a. 
498 b. 

Tetrahedron, 194. 

Thacher bar, 1299. 

Thawing, 

effect of— on cement, 1221 
of turnouts, 845. 

Theodolite, 296. 
cost of--. 1411. 

Thermal conductivity, 1306, 1307. 
Thermometers, 318 
cost of- 1411 

Thin partition, flow through—, 
541. 

Third, 

middle—, 402. 
proportional, 38 
Thoroughfare tracks, 1006. 

T bread, Threads, 
screw—, 1165. 

Three 

-position signals, 984. 
rule of—, 39. 

-throw switch, 823. 

-throw' turnout, 823, 870. 

-way switih, 823 
-way turnout, 823, 870. 

Throat, frog—, 828. 

Through trusses, 692. 

Throw, switch—, 853. 

Thrust, 

iu arch, 430, 432 
-line, 430, 432, 434-436. 

Tides, 328. 

Tie, Ties, 
bars, 837. 
land—, 612. 

-plates, 780, 803, 804. 

cost of , 1412. 
plugs, 802 

railroad—, 780, 784, 815, etc 
in ballast, 784. 
hark on—, 788. 

Carnegie—, 790. 
channel—, 791, 792. 
composite—, 792. 
concrete—, 792. 
conservation of—, 785, 787. 
cost of 1412. 


Tie, Ties,—continued, 
railroad,—continued, 
creosoting, 787, 788. 
crossing—, 847 «• 
cutting of —, bj rails, 785. 
cutting timber for—, 788. 
dating nails for—, 788. 
definitions, 784. 
dimensions of—. 786 
functions of—, 780, 784. 
inspection of—, 820. 
laying of—, 785. 
life of—, 788 
piling of—, 788. 
plates, 780 
plugs, 802. 

preservatives for—, 787. 
renewal of—, 821, 1112. 

-rods, 837 
seasoning of—, 788 
spacing of—, 787, 844, 1112. 
steel—, 789-792 
Carnegie—, 790. 
insulation of—, 790. 
substitute—, 789. 
switch—, 786, 843 
tamping under—, 785. 
treated—, 

life of—, 788. 
trough—, 791, 792. 
turnout—, 843. 

timber bill, 844. 
volume of 786. 
wood for- , 786. 
zinc-chloride treatment for— 
787. 

-rods in roncrete forms. 1357 
and struts, criterion for—, 359, 
699 

in trusses, 689. 

IVrcc, 223. 

Tiling, cost of—, 1403. 

Tilting, (leurance for—. 1043. 

Timber, Timbers. See also Wood. 
Wooden, Hearn, Column, Bridge, 
etc. 

hark on—, 788 
Ided—, strength of—, 1137. 
hoard measure, table of—, 269 
Hearing, cost of—, 1104 
conservation of—, 785, 787. 
cost of--, 1402. 
creosoting of—, 787, 788. 
culture of—■, 788. 
cutting of—, 788. 
dams, 642. 
decay of—, 1134. 
ductility of—, 459. 
fire prevention, 788. 
growth of—, rate of—, 788. 
joints, 733, etc 
preservation of—, 1184. 
preservatives for—, 7*7. 
requirements for—, 754, 7oU, 
764. 
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Timber, Timbers,—continued, 
strength of—, 476, 499, 500, 
760, 764, 1137, 1138. 
supply of—, 

conservation of—, 785, 787. 
treated—, 
life of—, 788. 
in trestles, 1110. 
zinc-chloride treatment for—, 
787. 

Time, Times, 26 r ' 

-mtenal, tram—, 986. 
local—, 287. 

-piece, to regulate— by stars, 
266. 

records, on trains, 1068. 
signals, radio—, 267 
standard railway , 267. 
studies, contractors equip’!, 
580 W. 

units of—, conversion of 
• 236. 

Tin, 317, 460, 1208. 
leaded—, 1208. 
plates, cost or—, 1409. 
roofing, 1208. 
trength of, 1212, 1213. 
weight of—, 215, 1159. 

Tire, Tires, 

automobile—, 580 /. 
dual—, 5b0 (r. 
railroad—, 1040. 

Toggle joint, 427. 
r, ’oise, 226. 

Ton, 216, 220. 

of coul, volume of—, 215, 222. 
(2240, ibs), equivalents of—, 
236. 

net— 216. 

Tmelada, 227. 

Tongue, 

fro , — 829. 

Tonite, 1397. 

Tonne, or metric ton, 226, 236. 
Tonneau, 226. 

Tools, 

cost of—, 1409. 
wear of—, 1025. 

Tooth, Teeth, 
bucket—, 581 fc. 
dip] tor—, 580 a. 
grapple dredges, 581 e. 
shovel—, 580 a. 

Top heading, 1036. 

Torpedoes, 

nitro-glycerine—, 1394. 
signals, 982. 

Torsion, 454, 499. 

Towct, Towers, 
cableway, 580 k. 
cableway—, 580 L. 
excavator for dredging, 581 c. 
head—, 580 L. 
material hoist—, 580 j. 
tail—, 580 L. 
valve--, 652. 

100 


Towne lattice truss, 694. 

Tracing cloth and paper, 1389. 
cost of—, 1412. 

Track, Tracks, 780-821. 

ballast, 783. See also Ballast, 
bolts, 809. 
cable, 580 K. 

-circuit, 988, 989. 
classification of—, 781. 1005. 
clearance between—, 825. 
construction of—, 780. 
cost of—, 1112, 1113, 1114 
elevation of—, cost of—, 1124. 
gauntlet—, 824. 
illumination of—, 1006. 
industrial raihvaj—, 580 A’, 
-instruments, signaling—, 988. 
intervolved—, 824. 
ladder—, 1005. 

-laying, 814, 815, 818. 
cost of— 1113, 1114. 
machines, 818. 
leveling of- , 819. 

-mile, defined, 1095. 
railroad—, 780-821. 

-recording, 821. 

•scales, 824, 1003. 

cost of—, 1115. 
spacing of—, 825. 
specifications for—, 780. 
•surfacing, 820. 

cost of—, 1113, 1114. 

-tank, 1013. 
thoroughfare—, 1006. 

-trough, 1013. 

Y—, 825. 
in yards, 995. 

Trackwork, 

cost of—, 1112-4. 

Traction, 683. 
cable, 580 k. 
of horses, 683, 685. 

Tractive, 

effort, see Tractive force, 
force, 1044, 1056, 1070. 

and grade length, 1076. 
industrial locomotives, 580*9. 
measurement of—, 1067’. 

Tractor, Tractors, 580 It. 

-trucks, 580 r. 

Trailbu fillers, 580 T. 

Trailer. Trailers, 580 S. 
cost of—, 1410. 
semi-, 580 r. 

Trailing spud, 5b 1 k. 

Train, Trains, 

accelerations of—, 1063, 1064 
measurement of—, 1068. 
centrifugal force of—, 758. 
construction—, 814. 

-control, signaling, 990. 
drag of— on bridge, 758. 
dynamics, 1070. 
earthwork by—, 1031. 
enerfpr of—, 1070. 
inertia of—, 1063. 
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Text—Timber. 


lest, Tests, 

bending— of iron and steel, 
1153 

-borings, 582, 670, etc. 
of completed bridges, 753 
of cement, 1228, 1229, 1232, 
1234, 1248, 1354. 
of concrete, 1368 
of full-size eye-bars, 753. 
of models, 478. 

-pieces, iron and steel—, 1150 
of rails, 795. 
for steel, 

mfrs’ standard—, 1154, 1155 
Testing machine 
for cements, 1230. 

Tetmajer’s column formula, 498 a. 
498 b. 

Tetrahedron, 194. 

Thacher bar, 1299. 

Thawing, 

effect of— on cement, 1221 
of turnouts, 845. 

Theodolite, 296. 
cost of--. 1411. 

Thermal conductivity, 1306, 1307. 
Thermometers, 318 
cost of- 1411 

Thin partition, flow through—, 
541. 

Third, 

middle—, 402. 
proportional, 38 
Thoroughfare tracks, 1006. 

T bread, Threads, 
screw—, 1165. 

Three 

-position signals, 984. 
rule of—, 39. 

-throw switch, 823. 

-throw' turnout, 823, 870. 

-way switih, 823 
-way turnout, 823, 870. 

Throat, frog—, 828. 

Through trusses, 692. 

Throw, switch—, 853. 

Thrust, 

iu arch, 430, 432 
-line, 430, 432, 434-436. 

Tides, 328. 

Tie, Ties, 
bars, 837. 
land—, 612. 

-plates, 780, 803, 804. 

cost of , 1412. 
plugs, 802 

railroad—, 780, 784, 815, etc 
in ballast, 784. 
hark on—, 788. 

Carnegie—, 790. 
channel—, 791, 792. 
composite—, 792. 
concrete—, 792. 
conservation of—, 785, 787. 
cost of 1412. 


Tie, Ties,—continued, 
railroad,—continued, 
creosoting, 787, 788. 
crossing—, 847 «• 
cutting of —, bj rails, 785. 
cutting timber for—, 788. 
dating nails for—, 788. 
definitions, 784. 
dimensions of—. 786 
functions of—, 780, 784. 
inspection of—, 820. 
laying of—, 785. 
life of—, 788 
piling of—, 788. 
plates, 780 
plugs, 802. 

preservatives for—, 787. 
renewal of—, 821, 1112. 

-rods, 837 
seasoning of—, 788 
spacing of—, 787, 844, 1112. 
steel—, 789-792 
Carnegie—, 790. 
insulation of—, 790. 
substitute—, 789. 
switch—, 786, 843 
tamping under—, 785. 
treated—, 

life of—, 788. 
trough—, 791, 792. 
turnout—, 843. 

timber bill, 844. 
volume of 786. 
wood for- , 786. 
zinc-chloride treatment for— 
787. 

-rods in roncrete forms. 1357 
and struts, criterion for—, 359, 
699 

in trusses, 689. 

IVrcc, 223. 

Tiling, cost of—, 1403. 

Tilting, (leurance for—. 1043. 

Timber, Timbers. See also Wood. 
Wooden, Hearn, Column, Bridge, 
etc. 

hark on—, 788 
Ided—, strength of—, 1137. 
hoard measure, table of—, 269 
Hearing, cost of—, 1104 
conservation of—, 785, 787. 
cost of--, 1402. 
creosoting of—, 787, 788. 
culture of—■, 788. 
cutting of—, 788. 
dams, 642. 
decay of—, 1134. 
ductility of—, 459. 
fire prevention, 788. 
growth of—, rate of—, 788. 
joints, 733, etc 
preservation of—, 1184. 
preservatives for—, 7*7. 
requirements for—, 754, 7oU, 
764. 
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TruHK—Unit. 


Truss, Trusses,—continued. 

Howe—, 

cost of—, 1111. 
loads on*—, moving—, 690, 
705, 709, 726, 755, 1039, etc. 
members, stresses in—, 698. 
moments in—, 440, 443. 
moving loads on—, 690, 705, 
709, 726, 755, 1039, etc. 
rafters of—, 691, 713, etc. 
reaction; in—, 439. 
reinforcement, 1296, 1301. 
roof—, 

loads on—, 764. 
specifications for—, 764. 
weight of—, 713, 741. 
specifications for—, 744, 745, 
764. 

tension and compression mem¬ 
bers of—, 1205. 

.weights of—, 731, 738. 
wt. of ro >f—, 713, 741. 
Trussed 
bar, 1301. 

reinforcement, 1296. 1301. 
Tube, Tubes. See also Pipes, 
V’low, etc. 
boiler—, 1164. 

brass seamless drawn—, 1211 
bubble—, to replace—, 296. 
copper seamless drawn—, 1211 
flow in—, 516. 
iron—, 1164. 

Pitot’s—, 536, 561. 
pressure of water in—, 511, 
518. 

seamless—, 3.11. 
short--, flow through—, 540. 
welded—, 1164. 

Tubular boilers, cost of—, 1409. 
Tun, 216, 223. 

Tunnel, Tunnels, 1036 
clearance in—, 1042. 
cost of—, 1107. 

Turf, 

weight of—, 215. 

Tumhuekles, cost of—, 1404. 
Turner, C. A. P.—, 
mushroom system, 1302. 


Turnout, Turnouts, 

Am Ry Engng Assn, 864. 
closures in 864, 86P, 873. 
cost of—, 1313, 1114. 

-curve, 823. 
from curve, 873. 
derailing—, 825, 826, 988. 
diamond—, 825, 867. 
dimensions of—, 862, 864. 

Am Ry Engng Assn, 864. 
double—, 823, 858. 
equilateral—, 825, 867. 
frogs, 828. 
gauge in— 828. 
geometry of—, 848. 


Turnout, Turnouts,—continued, 
lateral—, 866. 
lead, 852, 868, 873. 
left- and right-hand, 822. 
radius of—, 860, 868, etc. 
rails for—, bending of—, 815. 
right* and left-hand—, 822. 
sharpness of—, 852, 868, etc. 
switch. See Switch, Switches, 
three-throw—, 823. 
ties, 843. 

timber bill, 844. 

Turnover buckets, 579 1 , 

Turnpike, grades on—, 255. 

Turntable, Turntables, 
for automobiles, 580 s. 
railroad—, 996. 
cost of—, 1116. 

Turpentine, 1137, 1383. 
cost of—. 1402. 

Twaddell hydrometer, 211. 

Tympan, 687. 

Typical wheel loads, 705, etc, 755, 
etc. 


r 

TJ. S. See United States, below. 
Ultimate stress, 456. 

Undecagon, 148. 

Underdrains, 
railroad—, 782. 

Underground railroads, 
cost of—, 1124. 

Undermining, sub-aqueous rock 
excavation, 581 s. 

Ungula, cylindric, 199, 397. 
Uniform, 

live load, 705. 
loads, 

deflections under—, 485. 
influence diagram for—, 703. 
moments due to—, 444. 
shears due to—, in beams, 
447. 

strength, in beams and canti¬ 
levers, 486. 
velocity, 331. 

Uniformity coefficient, 1239, 1303. 
Union Pacific R R, 
track specifications, 780. 

Unit, Units, 
adhesion, 1294. 

coim i"don tables of —, 228-253. 
of force, 338, 358. 

-frame, 1301. 

of measures, weights, etc, con¬ 
version tables of—, 228-253. 
method, dredging comp’ns, 

581 u. 

of moment of inertia, 468. 
pressures, conversion of—. 240. 
of rate of work, 341. 
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Unit—Vertical. 


Unit, Units,—continued, 

shear, 494 e. 

in reinfd cone beams, 1293. 
stress, 456, 458, 467. 
stretch, 457, 458. 
of work, 341. 

United States, 
coins of—, 219. 
gallon, 223, 224, 234. 
isogonic chart, 300-1. 
measures, 223. 
precipitation in—*, 322. 
standard dimensions of bolts, 
etc, 1165. 

Universal dredges, 581 s. 

Unstable equilibrium, 387, 514. 

Unsymmetrical loading, 690 

Upper chord, 723, 733. 

Upper culmination, 284. 

Upset rods, 1168 

Ursa major and minor, 285. 


V 

Vacuum 
brake, 1042 
convenor, 580 P. 
lifters, 579 Z. 

Vacuum process for sinking cylin¬ 
ders, 596 

Valuation, Valuations, 
railroad—, 1095. 

for assessment, 1122. 
statistics, 1122. 

Value, Values, 

per length, surface, time, vol¬ 
ume, weight, work, etc, con- 
< version of units of—, 216, 
' etc. 

present—, 42, 44. 

Valve, Valves, 
air—, 662. 
cost of—. 1416. 

-tower, 652. 

for water pipes, 666, 667. 
Vara, 227. 

Variation, 
of compass, 301. 
line of no—, 300. 
magnetic—, 301. 
vernier, 296. 

Varnish, cost of—, 1402. 
Vegetation, 

in reservoirs, 652. 

Vehicle, Vehicles, 580 p. 

friction of—, 414. 

Vein, 

contracted—, 541. 

Velocity, 

accelerated—, 331. 
through adjutages, 540. 
angular—, 351. 
of approach, 556. 
in channels, 560. 


Velocity,—continued, 
critical—, 415. 
defined, 331. 

effect of— on frictisn, 412 
of falling bodies, 348, 539. 
of flow', in liquids, 
for abrasion, 577. 
through adjutages, 540. 
of approach, 556. 
in channel, 560. 

Bazin’s formula, 563. 
experiential formulas, 529. 
Rutter's formula, 564. 
Chezy formula, 528. 
critical—, 415. 
distribution in cross section, 
527. 

due to a given head, 539. 
effect of - on friction, 528. 
-head, 516. 

Rutter’s formula for—, ’ 523, 
564. 

mean—, 522, 527, 528, 560. 
through orifices, 339, 546. 
in pipes, 516, etc., 529. 
in rivers, 560. 
in sewers, 574. 
in short tubes, 540. 

-head, 516, 1065. 
on inclined planes, 349. 
mean—, 522, 527, 528, 560. 
through orifices, 539, 546. 
in pipes, 316, etc , 529. 
retarded—, 331. 
in rivers, 560. 
in sewers, 574. 
m short tubes, 540. 
of sound, 316. 
tram—, 

effect of— on train resistance 
1059, 1062. 
and grade, 1071. 

-head, 1065. 
virtual—, 1070. 
uniform—, 331. 
units of—, conversion of—, 
242. 

virtual—, 1070. 
of wind, 321. 

Vena contract*, 541. 

Ventilation, 

air, quantity of— required, 
320. 

Venturi meter, 532, etc. 

Vernier. 293. 
variation of—, 296. 

Versed sine, 97 a. 

Verst, 227. 

Vertex, Vertices, 

in railroad curves, 875. 
Vertical, Verticals, 
of buoyancy, 514. 
circle, astronomy, 284. 
curves, 1077. 
defined, 92. 



INDEX. 


1511 


\ ertlcnl—Water. 


See also 


rtical, Verticals,—continued, 
of equilibrium, 514. 
of flotation, 514. 
shear, 494 f, 494 <\ 

•shi'l, Vessels, 
air—, 663. 

contents of—, 198, 223. 
floating—, 514, 515. 
metallic—, effect of water on- 
327, 1209. 
ad net, Viaducts. 

Trestles and Trusses, 
erection of—, 743. 
ibration, 350. 
icat. needle, 1246. 
inculum, 33 
irtual, 

grade, 1071. 
head, 539, 1070, 1071 
profile, 1071. 
vulonty, 1070. 
is viva, 343. 
i trified 

brick, cost of—, 1403 
pipe, 575, 1426. 

« ulverts, 1110. 
old, Voids, 

in broken stone, 688 
1256. 

in concrete. 1256, 130o 
in rubble, 1023, 1217 
in sand, 214, 1240, 1303. 
olunie. Volumes, 
of air, weights of—, conversion 
of—, 242. 
const uncy of- 
1229, 1230 

1237. 1244, 

1305. 

dredging, 581 u 
& eqii'Valent depths, 2->l 
increase in—, dredging, o8l u 
per surface per time, 
units of—, 

conversion of—, 2.)i. 
equivalent velocities, 252. 
per surface, units of—. ‘^ 39 - 
l>ertime, units of—, 243. 
unit—, conversion of—, 234. 
of unit weights of air, 242. 
of water, weights of—, 24i. 
Vous8(>ir, 613. 


w 

Wagon, Wagons, 580 Q. 
friction of— ,414. 
(trailers), 580 £. 

Walker, (cxt.wutor), 580 ff. 
Walking 

on the spuds, 581 </ 
spud, 581 fr. 

Wall, Walls, 
battered—, 605. 


1253, 


(soundness), 
1232, 1234, 

1247, 1304, 


Wall, Walls,—continued. 

bricks, number of— in a sq ft 
of—, 1217-1219. 
concrete, forms for—, 1264. 
cost of—, 601, 602. 
dam—, 508. 
face—, 603. 
foundations for—, 582. 
incrustation of—, 1221, 1249. 
to resist water pressure, 508. 
retaining—, 603. 
concrete—, 

cost of—, 1378 
soap wash for—, 1220. 
spandrel—, 613 
stability of—, 508, 606. 
surcharged—, 605, etc. 
water, 

to resist pressure of—, 508 
wharf—, 515, 611 
wing—, 624. 

strength of—, 476, 1137. 1138 
weight of—, 215 

Warren truss, 692. 

Washer, Washers, 1165. 
lock-nut—, 1167. 

Wash borings, dredging. 581 v. 

Washes for walls, 1220, 1383 

Washing, 

of concrete, cost of—, 137o, 
1378 

Waste motions, 580 W. 

Waste of water, 649. 

Watch, to regulate—, by the stars, 
266. 

Water. 326 See also Pipes, 
Flow, etc. 
for boilers, 327. 
boiling—, to measure heights 
by—, 314 . . 

brick work, to render impervi¬ 
ous to---. 1220 
buoy an c>, 513 
cisterns, 1011-1013. 

-column, 1012 
compensation—, 653. 
composition of—, 326. 
compressibility of-—, 326. 
in concrete See under Con¬ 
crete, water— 
concrete under—. 

See Concrete, placing, 
consumption of—, 649 
corrosion by—, 327, 594. 
dams for—, 508, 642. 
effect of—, 

on dynamite, 1396. 
on iron, 327, 328, 594, 1-18. 
on lime, 1217, 1218. 
on metals, 327, 328, 1218. 
on wood, 328. 
zinc on—, 328, 1209. 
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Water—Well. 


Water,—continued. 
evaporation of—, 329. 
for fire protection, 650. 
flow of—, 516, etc. See also 
Flow. 

foot of—, etc (pressure), equiv¬ 
alents of—, 240. 
foundations in—, 583. 
freezing of—, 326, 328 
head of—, 258-260, 516 
•jots, 

hydraulic dredge, 581 q. 
pile driving, 595. 
leakage of—, 329, 561, 642, 
649, 651. 

for locomotives, 327, 1012. 
meters, 532, 536, 562, 649. 

cost of—, 1412. 
mixing—, 1235, 1245. 
pipes, 653, etc. 

in pipes. See Pipes, Velocity, 
Flow, Discharge, Pressure, 
etc. 

-pressure, 501, etc, 518. 
in cylinders, 511 
in pi]K*s, 511, 518. 
planks, to resist—, 586, 648. 
of still—, 501, etc 
wall to resist—, 508. 
-proofing. See Waterproofing, 
below. 

quantity required in mortar, 
1245. See under Mortar 
rain—, 322, 327. 

•ram, 513, 663, 668. 
salt—, effect of— on metals, 
327, 594. 

sea—, 326, 328, 594. 
effect of—, 

on concrete, 1250, 1276, 
1304, 1306 
on mortar, 1250 
stations, 1011. 

cost of—, 1116, 1118. 
storage of—, 650, etc. 
supply, 322, 649. 

for hydraulitking, 580 V. 
traction on—, 683 
velocity of—, 516, etc See also 
Velocity. 

volumes of unit weight of—, 
conversion of—, 242. 
walls to resist pressure of—, 
508, 515. 
waste of—, 649. 

-way, contraction of—, 575 
623. 

weight of—, 241, 326. 
in pipes, 525. 
of unit volumes of—, 241. 
works, 649, 
depreciation of—, 45. 


Waterproofing, 

asphalt, 1220. See also Con¬ 
crete, permeability, 
for walls, 1220. • 

Watt, 

equivalents of—, 245. 

-hour, equivalents of—, 237. 
Wax, weight of—, 215. 

Way, maintenance of—, 820. 
Wear, 

of tools, 1025. 

Web, Webs, 

-members, 689. 
in plate girders, 748. 

-plates, permissible shear in—, 
762. 

reinforcement, 1300, 1367. 
stresses, 702. 
live-load—, 706. 

Wedge, Wedges, 
mensuration of—, 203. 
striking— for centers, 631, 
632, 640. 

Week, Weeks, 236, 265. 

Weight, Weights, 212. See also 
the article in question, 
of bridges, 731, 738. 
of centers for arches, 639. 
of crowd, 726. 

on driving wheels, 705, etc, 755, 
etc. 

French—, old—, 226. 
International. Bureau of— and 
Measures, 217 
per length, units of—, 239. 
and measures, 216 . 

conversion tables of units of 

metric—, 217, 226, 228, etc 
roof trusses, 713, 741. 

Russian—, 227. 
scow measurement, dredging, 
581 u. 

Spanish—, 227. 
of substances, table of—, 212 
See also the substance in 
question. 

per surface unit, 
units of—•, 240. 
trusses, 731, 738. 

roof—, 713, 741. 
unit—, conversion of—, 235 
of unit volumes of water, 241. 
per volume unit, units of—. 
241 

Weir, Weirs, 547. 
discharge, formulae for—, 549 
measuring—, 547, 646. 
submerged—, 554. 

Weisbach formula, 
for friction head, 528. 

Welded wire, 1300. 

Well, Wells, 
artesian—, 671. 
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Well—Woollen. 


Well, Wells,—continued. 

•boring, 670. 
contents of—, 197. 
machinery, eost of—, 1411. 
masonry, quantity of— in walls 
of—, 198 

Wellhouse process, 1135. 

Western elongation, 284. 

Westing, 274. 

Wet perimeter, 523, 563. 

Wharton swirch, 842. 

for derailing, 827. 

Wheel, Wheels, 

-barrows, 580 p, 1027, 1034. 
base, 1044, 1062. 
car—, 1040. 

coning of—, 1061. 
centrifugal force in—, 355. 
under cranes, etc, 580/. 
diagram, 706. 
driving—, 

loads on—, 7"'5, etc, 7o.», etc 
guards, 750. 
inertia of—, 1064 
loads, 705, etc, 755, etc 
for turntables, 998 
meters, 562. 

Persian—, 687. 
and pinions, 420. 
scrapers. 580 C, 1029. 

cost of—, 1410. 
skidding, 413, 580/, 580#. 
sliding, 413, 580/, 580 # 
slipping, ‘113, 580/, 580 «. 
tread—, 590, 686. 
tread of—, 1040. 
water—, 578. 

Wheeled scrapers, see \\ heel 
scrapers. 

Whipple truss, 694. 

White 

efflorescenco on walls, 

1249. 

lead paint, 1382. 

Portland cement, 1225. 

-wash, 1334. 

Whitworth screw thread, etc, llb > 
Wilhams-Hazen formula, 529. 
Winch, Winches, 580 J, 686. 

cost of-—, 1410. 

Wind, 321. 
loads, 710, 764 
-mills, 1012. 

-pressure on roofs, 3-1, <«>4. 
resistance, 1062. 
on roof trusses, 713 
stresses, 710, 758. 

Wine measure, 223. 

Wing, Wings, 
rails, 829, 830. 
walls, 624. 

Wire, 1169-1173. 
cable, 580 I). 

circular measurement oi—, 

1171. 


Wire,—continued, 
cost of—, 1406. 
fence, 1406. 
gauges, 1169-1173. 

-glass, cost of—, 1403. 
iron—, 1173. 

-lath, 1300. 

rope, 580 D, 1387, 1388 
steel—, 1173. 
strength of—, 1212 
welded—, 1300 

Wfthler’s law, 465. 

Wood, 

See also Timber, Wooden, etc 
blocks, cost of—, 1402. 
board measure, table of , 269. 
compressibility of—, 460. 
compressive, strength of—, 1138. 
conservation of—, 783, 787. 
cord of—, 234. 
cost of—, 1402. 
creosoting of—, 787, 788 
decay of—, 328, 1218. 
ductility of—, 460. 
effect of lime and mortar on—, 
1218. 

effect of water on—, 328. 
elastic limit of—, 460. 
elastic modulus of—, 460. 
expansion of— by heat, 317. 
friction of—, 411. 
limit of—, elastic—, 460. 
modulus of—, elastic—, 460 
pipe, cost of—, 1415 
preservation of—, 1218, 1134. 
preservatives for—, 787. 
shearing strength of—, 499. 
shingles, 1382. 
specific gravity of—, 212. 
stave pipe—, cost of—, 1426 
strength of—, 476, 499, 500, 
760, 764, 1137-1149 
stresses in—, 

permissible— 760, 764 
stretch of- -, 460 
tensile strength of—, 1137. 
for ties, 786. 

‘ torsional strength of—, 500 

transverse strength of—, 476, 
1139. 
treated—, 

life of—, 788. 
weight of—, 212, 213, 755. 
zinc-chloride treatment of—, 
787. 

Wooden. See also Wood. 

beams, 476, 760, 762, 764. 

1139, 1142. 
bridges, 732, etc, 763. 
columns, 761, 763, 1143. 
dams, 642, etc. 
floors in bridges, 750. 
joints, 734. 

| pillars, 761, 763, 1143. 
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Wuodrn—Zone. 


Wooden,—continued, 
pipes, 657. I 

cost of—, 1426 
roof trusses, 716, 732, 742. 
stave pipe, 

Worcester, J R —, column for¬ 
mula, 498 b. 

Work, 341. 

on curves. 1077 
equivalence of—, in trusses, 
718. 

and force, relation between—, 
341. 

of friction, 418 
on grades, 1075 
and heat, conversion of units of 
—, 237. 

linear rate of— (force), 341 
and power, relation between— 
345. 

rate of—, unit of—, 342 

of resilience, 460. 

time rate of— (power), 345. 

conversion of units of—, 244 
units of—, 341. 
useful—, 342 

per volume unit, units of-—, 
245. 

Worm, 
hoist, 580 i. 
sea—, 1134. 

Worth, present—, 42, 44. 

Wreck, Wrecks, 
dredging, 581 a. 

Wrecking outfits, 1055 
Wrought iron See also under the 
article or structure in question 
bars, 1159, 1160. 
for bridges, requirements of—, 
754. 

compressive strength of—, 1213 
elastic limit of—, 460, 1152 
elastic modulus of—, 460. 
expansion of— by heat, 274, 
317. 

friction of—, 411. 
modulus of—, elastic—, 460. 
pipes, 526, 656, 657, 1164. 
pipe, cost of—, 1415. 
requirements of—, 805, 1152 
shearing strength of—. 499. 
strength of—, 476, 499, 500, 
1152, 1212, 1213 
tensile strength of—, 1152, 

1212. 

torsional strength of—, 500. 
transverse strength of—, 476. 
tubes, weights of—, 1164. 
water pipe, 656. 


Wrought iron,—continued. 

weight of—, 213, 755, 1159 
1164. 

Y 

Y-level, 306 

Y-traeks. 825. 

Yard, Yards, 216, 220. 
classification, HR. 1002 
cubic—. 

earthwork, 1014. 
eqimalents of—. 222. 
equivalents of—, 232. 
forwarding—. 1005. 
freight—, 1006. 
ladders, 871. 
receiving—, (RR), 995. 
railroad—, 994-1010. 

cost of—, 1137 
service—, (RR). 995. . 
shop—, (RR), 996 
stations, (RR), 994. 

Year, Years, 
civil—, 226. 
equivalents of—, 236. 
sidereal—, 266. 

Yellow' pine, See under Pine. 

Yield point, 455, 460, 1151, 1151 


z 

Z-bar, 1183-1185 

columns, 353 6, 1183-118! 

1191. 

flooring—, 1206 
Zenith, 284 
Zinc, 1208. 

-chloride treatment, 
for timber, 787. 
corrosion of—, 328. 

-creosote. 787, 788. 
effect of cement, mortar, etc., <' 
—, 3 218, 1304. 
effect of— on water, 1209 
effect of water on—, 328. 
expansion of— by beat, 317. 
oxide, cost of—, 1402. 
paint, 1382. 
paint on—, 1162. 
roofing, 1208. 
sheets, 120h. . 
strength of—, 1212, 1-13. 
weight of—, 215, 1157, 
1160, 1169. 

Zone, Zones, 

circular—, 186. 
of circular spindle, 209. 
paraholic—, 192, 209. 
spherical—, 208. . 

center of gravity of—, <*•'' 


THE END. 










